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OP 01 Tirzepatide: all things must SURPASS

1
Tirzepatide achieves significant weight loss without adverse 
effects on muscle composition (SURPASS-3 MRI)
J. Linge1, I.J.  Neeland2, O. Dahlqvist  Leinhard1, N.  Sattar3, L. 
Fernández Landó4, R.  Bray4, A.  Rodriguez4;
1AMRA Medical AB, Linköping, Sweden, 2Harrington Heart and 
Vascular Institute, University Hospitals Cleveland Medical Center 
and Case Western Reserve University School of Medicine, Cleveland, 
OH, USA, 3Institute of Cardiovascular and Medical Sciences, BHF 
Glasgow Cardiovascular Research Centre, University of Glasgow, 
Glasgow, UK, 4Eli Lilly and Company, Indianapolis, IN, USA.

Background and aims: Aging and weight loss commonly result 
in loss of muscle mass, which is exacerbated in type 2 diabetes 
(T2D). Tirzepatide (TZP), a glucose-dependent insulinotropic pol-
ypeptide (GIP)/glucagon-like peptide-1 (GLP-1) receptor agonist, 
reduced body weight with a beneficial effect on fat distribution 
pattern in the SURPASS-3 MRI substudy. The aim of this explora-
tory analysis was to examine the effect of TZP on muscle compo-
sition and compare observed changes with TZP (5/10/15 mg) or 
insulin degludec (IDeg) to changes predicted from the longitudinal 
UK Biobank (UKB) imaging study.
Materials and methods: Thigh muscle fat infiltration (MFI), 
fat-free muscle volume (FFMV), and sex-, height-, and weight-
invariant FFMV z-scores were quantified from MRI using AMRA 
Researcher. Predicted changes for MFI, FFMV, and FFMV z-score 
in the SURPASS-3 MRI substudy (N=296 participants with T2D 
inadequately controlled on metformin with/without sodium-glu-
cose co-transporter-2 inhibitors and fatty liver index ≥60) were 
calculated using data from UKB. All prediction models were fitted 
to N=2942 UKB participants (scanned ~2.2y apart and included 
regardless of observed weight change) and adjusted for sex, base-
line age, change in age, interaction between T2D status and weight 
change, as well as baseline value of either MFI, FFMV or FFMV 
z-score. Paired t-tests were used to compare observed with pre-
dicted change.
Results: MFI was significantly reduced across TZP arms (mean [SD] 
difference -0.23 [0.77]/-0.42 [0.61]/-0.44 [0.81] percentage points [pp] 
for TZP 5/10/15 mg, respectively), but not for IDeg (+0.03 [0.40] pp); 
Changes were greater than predicted by UKB (Fig1, left). FFMV was 
significantly reduced for TZP 5/10/15 mg (-0.44 [0.57]/-0.71 [0.60]/-0.76 
[0.74] litres), but not for IDeg (+0.16 [0.54] litres); Changes were overall 
similar to those predicted by UKB (Fig1, right). FFMV z-score was sig-
nificantly reduced for TZP 5/10/15 mg (-0.12 [0.33]/-0.23 [0.48]/-0.30 
[0.47] SD, but not for IDeg (+0.06 [0.43] SD); Changes were greater 
than predicted by UKB, but the difference was only significant for TZP 
15mg (p=0.004).
Conclusion: In SURPASS-3 MRI, TZP resulted in significantly 
improved body weight and fat levels without apparent adverse effects 
on muscle composition, with greater than predicted reduction in MFI 
and as-predicted reduction in FFMV when compared to changes 
described by data from the longitudinal UKB imaging study.

Clinical Trial Registration Number: NCT03882970
Supported by: Eli Lilly and Company
Disclosure: J. Linge: Employment/Consultancy; Employee - AMRA 
Medical AB.

2
Tirzepatide reduces muscle fat infiltration relative to insulin 
deglucec in people with type 2 diabetes (SURPASS-3 MRI)
N. Sattar1, J.  Linge2, I.J.  Neeland3, O. Dahlqvist  Leinhard2, L. 
Fernández Landó4, R.  Bray4, Á. Rodríguez4;
1Institute of Cardiovascular and Medical Sciences, BHF Glasgow 
Cardiovascular Research Centre, University of Glasgow, Glasgow, 
UK, 2AMRA Medical AB, Linköping, Sweden, 3Harrington Heart and 
Vascular Institute, University Hospitals Cleveland Medical Center and 
Case Western Reserve University School of Medicine, Cleveland, OH, 
USA, 4Eli Lilly and Company, Indianapolis, IN, USA.

Background and aims: Skeletal muscle fat infiltration (MFI) is frequent 
in obesity and type 2 diabetes (T2D) and is associated with higher risk 
for cardiovascular disease and mortality. Tirzepatide (TZP), a glucose-
dependent insulinotropic polypeptide (GIP)/glucagon-like peptide-1 
(GLP-1) receptor agonist, reduces weight and has a beneficial effect on fat 
distribution pattern. The aim of this exploratory analysis was to determine 
the effect of pooled TZP doses on MFI compared with insulin degludec 
(IDeg) in participants in the SURPASS-3 MRI substudy.
Materials and methods: Participants with T2D (on metformin with/without 
sodium-glucose co-transporter-2 inhibitors [SGLT-2i],  HbA1c 53-91 mmol/
mol [7-10.5%], BMI ≥25 kg/m2, fatty liver index ≥60) were treated with 
once-weekly TZP 5 mg (N=71), 10 mg (N=79), 15 mg (N=72), or once-
daily titrated IDeg (N=74). Body composition, including MFI, was assessed 
using MRI at baseline and week 52. Changes from baseline and treatment 
differences were tested with paired/standard t-tests, respectively. Associa-
tions of changes in MFI with changes in body composition and biomarkers 
were assessed using Spearman correlation coefficients.
Results: At baseline, participants had mean age of 56.2 years, T2D diag-
nosis duration of 8.3 years,  HbA1c of 67 mmol/mol (8.2%), weight of 94.4 
kg, BMI of 33.5 kg/m2, and 30% were on SGLT-2i. Baseline MFI (whole 
cohort: 7.96% [SD 2.42]) was similar for pooled TZP and IDeg arms. TZP 
showed a significant decrease in MFI (absolute: -0.36 [SD 0.74] percent-
age points [pp], relative: -4.48% [8.78], both p<0.001) while IDeg showed 
no significant change. The difference in mean absolute change between 
pooled TZP and IDeg was -0.39 pp (95% CI -0.56 to -0.23, p<0.001). 
For TZP, absolute change in MFI was significantly correlated (p<0.001) 
with change in weight (r=0.310), visceral fat (r=0.480), and abdominal 
subcutaneous fat (r=0.373), but not with liver fat (r=0.096, p=0.288) 
or muscle volume (r=0.085, p=0.293). In addition, absolute change in 
MFI was significantly correlated with change in triglycerides (r=0.197, 
p=0.014), HDL-cholesterol (r=-0.231, p=0.004), adiponectin (r=-0.196, 
p=0.046), and free fatty acids (r=0.304, p=0.002).
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Conclusion: In people with T2D, treatment with TZP significantly 
reduced MFI relative to IDeg, with reductions correlating with 
favourable changes in weight, abdominal fat, and lipids.

Clinical Trial Registration Number: NCT03882970
Supported by: Eli Lilly and Company
Disclosure: N. Sattar: Employment/Consultancy; Consulting fees 
from Afimmune, Amgen, AstraZeneca, Boehringer Ingelheim, Eli 
Lilly and Company, Hanmi Pharmaceutical, Merck Sharp & Dohme, 
Novartis, Novo Nordisk, Pfizer, and Sanofi. Grants; AstraZeneca, 
Boehringer Ingelheim, Novartis, and Roche Diagnostics.

3
Tirzepatide reduces albuminuria in patients with type 2 diabetes: 
post-hoc pooled analysis of SURPASS 1-5
R.J. Wiese1, H.J.L.  Heerspink2, K.R.  Tuttle3, I.  Pavo1, A.  Haupt1, Z. 
 Yang1, A.  Hemmingway1, D.Z.I.  Cherney4, N.  Sattar5;
1Eli Lilly and Company, Indianapolis, IN, USA, 2Department of 
Clinical Pharmacy and Pharmacology, University Medical Centre 
Groningen,, University of Groningen, Groningen, Netherlands, 3Prov-
idence Health Care, University of Washington, Spokane, WA, USA, 
4Division of Nephrology, Department of Medicine, Toronto General 
Hospital, University Health Network, University of Toronto, Toronto, 
ON, Canada, 5University of Glasgow, Glasgow, UK.

Background and aims: In SURPASS 4, the GIP/GLP-1 receptor 
agonist tirzepatide (TZP) showed a potential kidney protective effect 
in people with type 2 diabetes (T2D) and high CV risk by slowing 
the rate of eGFR decline and reducing urine albumin-creatinine ratio 
(UACR) vs insulin glargine over 2 years. In this post-hoc analysis, we 
explored effects of TZP on UACR changes in SURPASS 1-5 trials.
Materials and methods: UACR (% difference) for TZP (5, 10, 15 mg) 
vs comparators (COMPs) was analysed. Analyses were conducted in 
the pooled entire SURPASS 1-5 population and populations pooled by 
COMP: placebo (SURPASS 1 & 5); active (SURPASS 2 [semaglutide 
1 mg] & SURPASS 3-4 [insulins]); and insulins. In each pooled popu-
lation, data were examined in all patients and in subgroups defined 
by baseline UACR ≥3.39 mg/mmol or eGFR <60 mL/min/1.73m2. 
Mixed model for repeated measures was used to analyse on-treatment 
data from baseline up to the end of treatment visit.
Results: UACR data was available in 6263 patients of whom 1846 had 
UACR ≥3.39 mg/mmol and 537 had eGFR <60 mL/min/1.73m2. UACR 
decreased more with TZP 5, 10, and 15 mg vs COMPs in pooled SURPASS 
1-5 and consistently across pooled placebo, active, and insulin COMP stud-
ies (Table). UACR lowering appeared more pronounced in subgroups with 
baseline UACR ≥3.39 mg/mmol or eGFR <60 mL/min/1.73m2.

Conclusion: In people with T2D, including those with reduced 
kidney function, TZP decreased UACR vs COMPs to a clinically 
relevant degree, supporting a potential kidney protective effect.

Clinical Trial Registration Number: NCT03954834, NCT03987919, 
NCT03882970, NCT03730662, NCT04039503
Supported by: Eli Lilly and Company
Disclosure: R.J. Wiese: Employment/Consultancy; Eli Lilly and 
Company. Stock/Shareholding; Eli Lilly and Company.

4
Time spent with sustained HbA1c ≤6.5% (47.5 mmol/mol) and 
weight loss ≥5% after initiating tirzepatide vs semaglutide: an 
exploratory analysis of SURPASS-2
B.K. Bergman1, J.  Rosenstock2, T.  Garvey3, R.L.  Batterham4, Y. 
 Chen1, M.  Liu5, V.T.  Thieu1;
1Eli Lilly and Company, Indianapolis, IN, USA, 2Velocity Clinical 
Research at Medical City, Dallas, TX, USA, 3University of Ala-
bama at Birmingham, Birmingham, AL, USA, 4University College 
London, London, UK, 5Tigermed-BDM Inc., Somerset, NJ, USA.

Background and aims: Tirzepatide is a first-in-class once weekly 
(QW) glucose-dependent insulinotropic polypeptide (GIP) and 
glucagon-like peptide-1 (GLP-1) receptor agonist approved for 
treatment of people with type 2 diabetes (T2D) and under inves-
tigation for chronic weight management. In SURPASS-2, tirzepa-
tide (5 mg, 10 mg, 15 mg) demonstrated significant and clinically 
meaningful reductions in HbA1c and improvements in body weight 
in adults with T2D compared to selective GLP-1 receptor agonist, 
semaglutide 1 mg QW. Here, we compare the continuous time spent 
in glycemic control with weight loss between tirzepatide and sema-
glutide in SURPASS-2.
Materials and methods: Participants were randomised to tirzepatide 
(5, 10, or 15 mg) or semaglutide (1 mg) with the primary endpoint at 
40 weeks. The composite endpoint of continuous time spent with an 
HbA1c ≤6.5% (47.5 mmol/mol) and ≥5% weight loss was analysed in 
all patients on treatment without rescue medication, with missing data 
imputed. Logistic regression was used to compare the proportion of 
patients reaching glycemic/weight target at any time. Wilcoxon rank sum 
test was used to compare the median duration of continuous time spent 
in glycemic/weight control.
Results: Participants on all doses of tirzepatide spent longer time with 
an HbA1c ≤6.5% alone and a longer time with weight loss ≥5% alone 
than those on semaglutide (p<0.001 vs semaglutide) (Figure). Further-
more, an HbA1c ≤6.5% and weight loss ≥5% was achieved in 66-85% of 
participants treated with tirzepatide and 54% of participants treated with 
semaglutide. Participants on all doses of tirzepatide spent longer time 
with an HbA1c ≤6.5% and weight loss ≥5% than those on semaglutide 
(p<0.001 vs semaglutide). The median time spent with HbA1c ≤6.5% 
and weight loss ≥5% ranged from 35-60% of the trial duration (14-24 
weeks) with tirzepatide treatment at all doses (5 mg, 10 mg, and 15 
mg) vs 7% of the trial duration (2.7 weeks) with semaglutide. The time 
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periods meeting these HbA1c and weight loss targets were greater even 
at the lowest dose of tirzepatide (5 mg) compared with semaglutide 1 mg 
and increased further at the 10 and 15 mg doses.
Conclusion: Treatment with tirzepatide led to a longer continuous 
time spent with an HbA1c ≤6.5% (47.5 mmol/mol) and weight loss 
≥5% over the duration of the SURPASS-2 trial compared with sema-
glutide 1 mg in adults with T2D. Additionally, treatment with tirze-
patide led to a longer continuous time spent with an HbA1c ≤6.5% 
alone and with weight loss ≥5% alone compared to semaglutide.

Clinical Trial Registration Number: NCT03987919
Supported by: Funded by Eli Lilly and Company
Disclosure: B.K. Bergman: Employment/Consultancy; Eli Lilly and 
Company. Stock/Shareholding; Eli Lilly and Company.

5
Tirzepatide compared to subcutaneous semaglutide for type 2 
diabetes: a network meta-analysis
T. Karagiannis1, I.  Avgerinos1, K.  Malandris1, A.  Stamati2, A. 
 Liakos1, N.  Kakaletsis1, A.  Tsapas1,3, E.  Bekiari1;
1Clinical Research & Evidence-Based Medicine Unit, Aristotle Uni-
versity of Thessaloniki, Thessaloniki, Greece, 2School of Medicine, 
Aristotle University of Thessaloniki, Thessaloniki, Greece, 3Harris 
Manchester College, University of Oxford, Oxford, UK.

Background and aims: There is paucity of randomised controlled 
trials (RCTs) directly comparing tirzepatide with subcutaneous (SC) 
semaglutide. We did a network meta-analysis to compare tirzepatide 
with SC semaglutide in terms of their efficacy and safety in people with 
type 2 diabetes.
Materials and methods: We searched Medline and the Cochrane Library 
for RCTs that assessed a maintenance dose of tirzepatide 5, 10, or 15 mg 
once-weekly or SC semaglutide 0.5, 1.0, or 2.0 mg once-weekly for at 
least 12 weeks. Comparators were any of the eligible doses of tirzepatide 
and semaglutide, placebo, and also other glucose-lowering drugs provided 
they were directly compared to tirzepatide and semaglutide in at least one 
trial. We did frequentist random-effects network meta-analyses and cal-
culated mean differences (MDs) for change from baseline in HbA1c and 
body weight, and risk ratios (RRs) for incidence of gastrointestinal adverse 
events (nausea, vomiting, diarrhea) and serious adverse events.
Results: Twenty-two RCTs (18,472 participants) contributed data to 
the network meta-analysis. Tirzepatide 15 mg was the most efficacious 

in reducing HbA1c versus placebo (MD -2.00%; 95% CI -2.16 to 
-1.84), followed by tirzepatide 10 mg (-1.86%; -2.02 to -1.84) and 
semaglutide 2.0 mg (-1.62%; -1.96 to -1.28). Each of the three tirze-
patide doses reduced HbA1c more than the respective low-, medium-, 
and high-dose of semaglutide. Versus placebo, tirzepatide was more 
efficacious in reducing body weight (Figure). Regarding between-drug 
comparisons, both tirzepatide 10 and 15 mg were more efficacious in 
lowering body weight versus either semaglutide 1.0 or 2.0 mg, while 
tirzepatide 5 mg was more efficacious versus semaglutide 0.5 and 1.0 
mg. As compared to placebo, all doses of tirzepatide and semaglutide 
increased risk for gastrointestinal adverse events, with tirzepatide 15 
mg yielding the highest RR for nausea (RR 3.57; 2.56 to 4.76), vomit-
ing (4.35; 3.03 to 6.25) and diarrhea (2.04; 1.56 to 2.63). Between-drug 
comparisons yielded non-significant results, except for tirzepatide 15 
mg versus semaglutide 1.0 mg (1.39; 1.03 to 1.85) and 0.5 mg (1.85; 
1.35 to 2.56) in vomiting, and versus semaglutide 0.5 mg (1.45; 1.09 to 
1.92) in nausea. There was no difference between tirzepatide, semaglu-
tide and placebo regarding risk for serious adverse events.
Conclusion: In people with type 2 diabetes, tirzepatide 5, 10, and 
15 mg were more efficacious in reducing HbA1c compared to sema-
glutide 0.5, 1.0, and 2.0 mg, respectively. Superiority of tirzepatide 
over semaglutide was more pronounced in terms of body weight loss. 
High-dose tirzepatide (15 mg) was associated with increased risk for 
vomiting versus low- and medium-dose of semaglutide.

Disclosure: T. Karagiannis: None.

6
“Surpass(ing)” an era of basal-bolus insulin therapy: tirzepatide 
vs insulin lispro tid added-on to poorly controlled basal insulin-
treated type 2 diabetes
J.P. Frías1, J.  Rosenstock2, H.W.  Rodbard3, S. Tofé4, E.  Sears5, R. 
 Huh5, L. Fernández Landó5, H.  Patel5;
1Velocity Clinical Research, Los Angeles, CA, USA, 2Velocity Clin-
ical Research at Medical City, Dallas, TX, USA, 3Endocrine and 
Metabolic Consultants, Rockville, MD, USA, 4University Hospital 
Son Espases, Palma de Mallorca, Spain, 5Eli Lilly and Company, 
Indianapolis, IN, USA.

Background and aims: Tirzepatide (TZP) is a once weekly GIP and 
GLP-1 receptor agonist for the treatment of type 2 diabetes (T2D). 
Efficacy and safety of TZP vs insulin lispro (iLispro) was assessed in 
people with T2D with inadequately controlled glycemic control on 
insulin glargine (iGlar) ± metformin (MET).
Materials and methods: In this 52-wk open-label, multicenter, Phase 
3b study, 1428 patients (mean baseline age 59 y; T2D duration 14 
y; HbA1c 8.8% [72.7 mmol/mol]; BMI 33 kg/m2; iGlar dose 46 IU/
day [pooled TZP: 47.1 IU/day (0.53 IU/kg/day), iLispro: 47.5 IU/day 
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(0.54 IU/kg/day)]) were randomised (1:1:1:3) to TZP (5, 10, 15 mg) 
or iLispro TID, add-on to iGlar ± MET. Insulin doses were titrated to 
a target fasting and pre-prandial glucose of 100-125 mg/dL (5.6-6.9 
mmol/L). Primary efficacy measure was change in HbA1c from base-
line for TZP (pooled) vs iLispro at 52 wk. Secondary measures were 
change in body weight (BW) from baseline, and proportion of patients 
achieving HbA1c and BW loss goals (TZP pooled and each dose vs 
iLispro). Measures tested for superiority were HbA1c, BW, and HbA1c 
target <7.0% (controlled for Type 1 error) and HbA1c targets ≤6.5%, 
<5.7% and BW loss ≥5% (not controlled for Type 1 error). Analyses 
included on treatment data prior to initiating rescue therapy from all 
patients who received at least 1 dose of study drug, excluding patients 
discontinuing study drug due to inadvertent enrollment.
Results: At 52 wk, TZP (pooled) was superior vs iLispro in change 
in HbA1c from baseline, achieving a mean HbA1c of 6.50% vs 7.56% 
(47.6 vs 59.1 mmol/mol) (Table). LSM treatment differences (95% 
confidence interval) were -0.89% (-1.08, -0.70) (-9.7 mmol/mol [-11.8, 
-7.7]) for TZP 5 mg, -1.11% (-1.30, -0.92) (-12.1 mmol/mol [-14.2, 
-10.1]) for TZP 10 mg, and -1.30% (-1.49, -1.11) (-14.2 mmol/mol 
[-16.3, -12.1]) for TZP 15 mg (p<0.001, all doses vs iLispro). Glycemic 
improvement was achieved with substantially less insulin use (iGlar: 
13 IU/day vs 42 IU/day [iLispro 62 IU/day]) and BW loss of 10 kg vs 
gain of 4 kg, respectively. The most common adverse events were gas-
trointestinal and mostly mild to moderate in severity (nausea: 14-26% 
vs 1%, diarrhoea: 11-15% vs 2%, vomiting: 5-13% vs 1%). Hypogly-
caemia events (<54 mg/dL or severe) were reported in 12% (0.6 event 
rate/patient-year), 9% (0.4 event rate/patient-year) and 11% (0.2 event 
rate/patient-year) of patients treated with TZP vs 48% (4.4 event rate/
patient-year) with iLispro. Three patients (1%; TZP 10 mg) reported 17 
episodes of severe hypoglycaemia (0.05 event rate/patient-year).
Conclusion: TZP demonstrated clinically meaningful and superior 
glycaemic and BW control vs iLispro associated with substantially 
less hypoglycaemia and insulin use.

Clinical Trial Registration Number: NCT04537923
Supported by: Funded by Eli Lilly and Company
Disclosure: J.P. Frías: Employment/Consultancy; Akero, Altim-
mune, Axcella Health, Becton Dickenson, Boehringer Ingelheim, 
Carmot Therapeutics, Echosens, 89bio, Eli Lilly and Company, 
Gilead, Intercept, Metacrine, Merck, Novo Nordisk, Pfizer, Sanofi. 
Grants; Akero, Boehringer Ingelheim, BMS, 89bio, Eli Lilly and 
Company, Intercept, IONIS, Janssen, Madrigal, Merck, North-
Sea Therapeutics, Novartis, Novo Nordisk, Oramed, Pfizer, Poxel, 
Sanofi. Other; Akero, Altimmune, Axcella Health, Becton Dicken-
son, Boehringer Ingelheim, Carmot Therapeutics, Echosens, 89bio, 
Eli Lilly and Company, Gilead, Intercept, Metacrine, Merck, Novo 
Nordisk, Pfizer, Sanofi.
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The effectiveness of closed-loop systems is maintained after one 
year of use
A. Romero Gregori, L. Albert Fàbregas, D. Subías Andújar, I. Capel 
Flores, A. Cano Palomares, I. Mazarico, M. Luchtenberg, M. Rigla;
Endocrinology and Nutrition, Hospital Parc Taulí, Sabadell, Spain.

Background and aims: Few real-world studies of individuals using 
closed-loop systems (CLS) exist, mainly employing a single model 
of CLS for six months or less. The purposes of this study were: (1) 
To evaluate the long-term real-world efficacy of three CLS (Minimed 
780G, DBLG1 -Diabeloop- and Control-IQ Tandem); (2) to assess the 
factors related to the achievement of near-normal glycaemic control 
after 12 months of CLS use; (3) to evaluate the relationship between 
time-in-range (TIR), HbA1c level, and the glucose management indi-
cator (GMI).
Materials and methods: A retrospective longitudinal study was 
performed. It included type 1 diabetes adults who initiated a CLS 
between April 2021 and March 2022 in our hospital and provided 
data for ≥ 12 months. We evaluated the initial, 3-month, 6-month, 
and 12-month data regarding glycaemic outcomes and their baseline 
characteristics. The statistical analysis of the association of char-
acteristics with 12-month HbA1c consisted of univariate analysis 
followed by multivariable analysis using linear regression with con-
tinuous 12-month HbA1c as the dependent variable.
Results: One-hundred and thirty-two CLS users were included (90 
female, mean age 45.2 ± 11.9 years, mean weight 75.5 ± 15.6 kg, 
mean BMI 27.2 ± 4.8 kg/m2, mean baseline HbA1c 7.5 ± 0.9%). 38% 
were previously under multiple daily injections, 92% used continuous 
glucose monitoring (CGM) and 54% used an insulin bolus advisor. Dif-
ferent commercial CLS were used: 59 DBLG1, 40 Minimed 780G, and 
33 Control-IQ. Three-month HbA1c significantly decreased to 6.8% 
± 0.7% (-0.68% ± 0.70%, p 0.000), and 12-month HbA1c remained 
stable (HbA1c 6.6% ± 0.6%; 77% achieved HbA1c <7%, 17% HbA1c 
7-7.5%, and 6% HbA1c ≥7.5%). There was a good correlation between 
3-month HbA1c and 12-month HbA1c (r= 0.64, p 0.000). At 12 months 
mean GMI was 6.9%±0.4% (54% GMI<7%, 44% GMI 7-7.5%, 2% 
GMI>7.5%), mean TIR was 74% ± 9% (69% TIR>70%) and mean time 
below range <70 mg/dl (TBR) was 1.9% ± 1.4%.After 12 months we 
observed better glycemic control with the Control-IQ system (HbA1c 
6.4% ± 0.7%, GMI 6.8% ± 0.3%, and TIR 76% ± 9%) and the Mini-
med 780G system (HbA1c 6.7% ± 0.5%, GMI 6.6% ± 0.3%, and TIR 
79% ± 7%) compared with the DBLG1 system (HbA1c 6.8% ± 0.5%, 
GMI 7.1% ± 0,3%, and TIR 69% ± 7%).In univariate analyses initial-
HbA1c, 3-month HbA1c, 6-month HbA1c, and 12-month GMI were 
positively associated with 12-month HbA1c; whereas 12-month TIR 
was inversely associated with 12-month HbA1c (all p 0.000). Regard-
ing patient characteristics, Control-IQ use, a higher education level, a 
higher sensor use, and the number of daily carbohydrates were associ-
ated inversely with 12-month HbA1c (all p<0.04). We did not find any 
association with gender, age, initial weight, exercise, DM duration, prior 
DM treatment, previous use of insulin bolus advisor, or insulin doses. In 
the multivariable analysis 3-month HbA1c, the CLS model, and higher 
education levels remained associated with 12-month HbA1c levels. The 
correlation between TIR and GMI (r = -0.91, p 0.000) was stronger than 
between TIR and HbA1c (r= -0.56, p 0.000).
Conclusion: In almost all cases the long-term use of a CLS improved 
glycemic control substantially. Factors related to 12-month HbA1c 
levels are the CLS model used, a higher education level, and the 
3-month HbA1c levels.
Disclosure: A. Romero Gregori: None.
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Better glycaemic control with once-weekly insulin icodec versus 
once-daily insulin degludec in adults with insulin-naïve type 2 
diabetes (ONWARDS 3)
I. Lingvay1, M.  Asong2, C.  Desouza3, P.  Gourdy4, S.  Kar5, A. 
 Vianna6, T. Vilsbøll7,8, S.  Vinther2, Y.  Mu9;
1Division of Endocrinology, Department of Internal Medicine and Peter 
O’Donnell Jr. School of Public Health, University of Texas Southwest-
ern Medical Center, Dallas, TX, USA, 2Novo Nordisk A/S, Søborg, 
Denmark, 3University of Nebraska Medical Center, Omaha, NE, USA, 
4CHU de Toulouse & UMR1297/I2MC, Inserm, Université Toulouse 
3, Toulouse, France, 5Novo Nordisk Service Centre India Private Ltd., 
Bangalore, India, 6Curitiba Diabetes Centre, Department of Endocrine 
Diseases, Hospital Nossa Senhora das Graças, Curitiba, Brazil, 7Clinical 
Research, Steno Diabetes Center Copenhagen, University of Copenha-
gen, Herlev, Denmark, 8Department of Clinical Medicine, Faculty of 
Health and Medical Sciences, University of Copenhagen, Copenhagen, 
Denmark, 9Department of Endocrinology, The First Medical Center of 
Chinese People’s Liberation Army General Hospital, Beijing, China.

Background and aims: Efficacy and safety of once-weekly insulin ico-
dec (icodec) versus once-daily insulin degludec (degludec) in adults with 
insulin-naïve type 2 diabetes were examined in ONWARDS 3, a 26-week, 
randomised, double-blind, double-dummy, treat-to-target, phase 3a trial.
Materials and methods: Participants (n=588) were randomised 1:1 
to icodec or degludec. Key outcomes are shown in the table. The 
primary endpoint was  HbA1c change from baseline to week 26.
Results: Estimated mean  HbA1c change from baseline was greater with 
icodec (−1.57%; baseline: 8.55%) versus degludec (−1.36%; base-
line: 8.48%); estimated treatment difference: −0.21%-points (95% CI 
−0.34, −0.08), confirming non-inferiority (p<0.0001) and superiority 
(p=0.0016). Level 2 or 3 hypoglycaemia rates were numerically but 
not statistically significantly higher with icodec versus degludec in the 
on-treatment period (table). Odds of achieving  HbA1c <7% without 
level 2 or 3 hypoglycaemia were statistically significantly higher with 
icodec versus degludec. There were no significant differences in weekly 
insulin dose from week 24 to 26 or body weight change from baseline to 
week 26 between arms. No unexpected safety findings were observed.
Conclusion: Overall, once-weekly icodec demonstrated superior  HbA1c 
reduction versus once-daily degludec with low level 2 or 3 hypoglycaemia 
rates in both arms. Icodec may facilitate insulin treatment acceptance and 
adherence by reducing basal insulin injections from ≥365 to 52 per year.

Supported by: Medical writing support was provided by Oxford Phar-
maGenesis, UK, funded by Novo Nordisk A/S
Disclosure: I. Lingvay: Employment/Consultancy; Novo Nordisk, 
Eli Lilly, Sanofi, AstraZeneca, Boehringer Ingelheim, Johnson and 
Johnson, Intercept, TARGETPharma, Merck, Pfizer, Valeritas, Zea-
land Pharma, Shionogi, Carmot Therapeutics, Structure Therapeutics, 
Bayer, Translational Medical Academy, WebMD. Other; Novo Nord-
isk, Sanofi, Merck, Pfizer, Mylan, Boehringer Ingelheim.

9
Efficacy and safety of once-weekly insulin icodec versus once-
daily insulin degludec in type 1 diabetes: ONWARDS 6
D. Russell-Jones1, T.  Babazono2, R.  Cailleteau3, S.  Engberg3, C. 
 Irace4, M.I.S.  Kjaersgaard5, C.  Mathieu6, J.  Rosenstock7, V.  Woo8, 
D.C.  Klonoff9;
1Department of Diabetes and Endocrinology, University of Surrey, 
Guildford, UK, 2Department of Internal Medicine, Tokyo Women’s 
Medical University School of Medicine, Tokyo, Japan, 3Novo Nordisk 
A/S, Søborg, Denmark, 4Department of Health Science, University 
Magna Græcia, Viale Europa, Località Germaneto, Catanzaro, Italy, 
5Novo Nordisk A/S, Aalborg, Denmark, 6Clinical and Experimental 
Endocrinology, University of Leuven, Leuven, Belgium, 7Velocity 
Clinical Research at Medical City, Dallas, TX, USA, 8University 
of Manitoba, Winnipeg, MB, Canada, 9Diabetes Research Institute, 
Mills-Peninsula Medical Center, San Mateo, CA, USA.

Background and aims: Efficacy and safety of once-weekly insu-
lin icodec (icodec) vs once-daily insulin degludec (degludec) were 
assessed in adults with type 1 diabetes (T1D) in a randomised, open-
label, treat-to-target phase 3a trial (26-week main phase + 26-week 
safety extension + 5-week follow-up).
Materials and methods: Participants (n = 582) were randomised 
1:1 to icodec (n = 290) or degludec (n = 292), both in combination 
with insulin aspart. The primary endpoint was change in  HbA1c from 
baseline (BL) to week 26, tested for non-inferiority (0.3% margin).
Results: At week 26, from BL values of 7.59% (icodec) and 
7.63% (degludec), estimated mean  HbA1c changes were -0.47% 
and -0.51%, respectively, confirming non-inferiority of icodec vs 
degludec (estimated treatment difference [ETD]: 0.05%-points 
[95% CI: -0.13 to 0.23]). From week 22 to 26, percentage of time 
in range 3.9-10.0 mmol/L (70-180 mg/dL) and time spent >10.0 
mmol/L (>180 mg/dL) were not statistically significantly different 
between treatments, while percentage of time spent <3.0 mmol/L 
(<54 mg/dL) was statistically significantly higher with icodec vs 
degludec (p=0.0014). Overall rate of combined level 2 or 3 hypo-
glycaemia (BL to week 26) was statistically significantly higher 
with icodec vs degludec (19.9 [icodec] vs 10.4 [degludec] events 
per patient-year of exposure; estimated rate ratio: 1.9 [95% CI: 
1.5; 2.3]; p<0.0001). The rate was also statistically significantly 
higher with icodec vs degludec when evaluated over 57 weeks. 
Estimated mean weekly basal dose was statistically significantly 
higher for icodec than degludec from week 24 to 26 (170 U/week 
[~24 U/day] vs 151 U/week [~22 U/day]; estimated treatment ratio 
[ETR]: 1.12 [95% CI: 1.07 to 1.18]; p<0.0001), while estimated 
mean weekly bolus dose was statistically significantly lower (132 
U/week [~19 U/day] vs 161 U/week [~23 U/day]; ETR: 0.82 [95% 
CI: 0.74 to 0.90]; p<0.0001). Similar trends in insulin doses were 
reported for week 50 to 52.
Conclusion: In adults with T1D, once-weekly icodec showed non-
inferiority in  HbA1c reduction vs degludec at week 26 with signifi-
cantly higher rate of combined level 2 or 3 hypoglycaemia. For ico-
dec, time spent <3.0 mmol/L (<54 mg/dL) and <3.9 mmol/L (<70 
mg/dL) was either below or close to internationally recommended 
targets at both time points.Clinical Trial Registration Number: NCT04795531
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Clinical Trial Registration Number: NCT04848480
Supported by: This study was funded by Novo Nordisk A/S
Disclosure: D. Russell-Jones: Employment/Consultancy; Professor 
of Diabetes and Endocrinology and Consultant Physician, Royal Sur-
rey Hospital and University of Surrey, Diabetes independent Consult-
ant advisor to UK Civil Aviation Authority, Secretary of State’s Advi-
sory Panel for Driving with diabetes. Grants; AstraZeneca, Dexcom, 
Eli Lilly, Novo Nordisk, Sanofi. Honorarium; AstraZeneca, Dexcom, 
Eli Lilly, Novo Nordisk, Sanofi.

10
Once-weekly insulin efsitora alfa and daily degludec achieve com-
parable glycaemic control in 3 patient populations during phase 
2: clinical insights from CGM assessments
C. Kazda1, J. Bue-Valleskey1, Q.  Zhang1, A.  Haupt1, J.  Frias2, D. 
 Dahl3;
1Eli Lilly and Company, Indianapolis, IN, USA, 2Velocity Clinical 
Research, Los Angeles, CA, USA, 3Gemeinschaftspraxis fur Innere 
Medizin und Diabetologie, Hamburg, Germany.

Background and aims: Once-weekly insulin efsitora alfa (efsitora, 
LY3209590, basal insulin Fc [BIF]) is an insulin receptor agonist that 
combines a novel single-chain analogue of insulin with a human IgG2 Fc 
domain. It is specifically designed for once weekly subcutaneous admin-
istration. CGM-derived parameters from efsitora phase 2 studies were 
reviewed and summarized to evaluate similarities and differences in glu-
cose during treatment with daily or weekly basal insulin administration.
Materials and methods: Three randomized, open-label, treat-to-target 
phase 2 studies of 26 or 32 week duration assessed 912 people with 
T2D previously treated with basal insulin (T2D-Switch), new to insulin 
therapy (T2D-Naïve), or T1D on multiple daily injections (T1D). Studies 
assessed once-weekly efsitora vs once daily degludec (DEG). Key results 
were previously disclosed and met the primary endpoint of non-inferi-
ority in HbA1c change from baseline (non-inferiority margin=0.4%). 
Two studies had CGM during entire study and T2D-Naïve had blinded, 
intermittent CGM using 14-day sessions.

Results: Patients had baseline HbA1c of 65.02 mmol/mol (8.1%), 63.93 
mmol/mol (8.0%), and 58.46 mmol/mol (7.5%) for T2D-Switch, T2D-
Naïve, and T1D respectively. Figure shows average hourly mean glucose 
at endpoint and time in range for T2D-Switch and T1D (inset). Time in 
range for T2D-Naïve: efsitora 76.0%; -1.4 (-5.4,2.7), p=.578; DEG 77.4%. 
Glucose profiles appeared comparable between treatments with 24-hour 
average glucose for efsitora vs DEG in T2D-Naïve: 7.6 mmol/L vs 7.05 
mmol/L (137 vs 127 mg/dL) p=.042 and T1D: 175 vs 169 p=.075 (T2D-
Switch not available). Average duration of hypoglycaemia (3.9 mmol/L 
[<70mg/dL]) per patient in minutes for efsitora vs DEG: T2D-Switch 31 
vs 35 p=NS, T2D-Naïve 51 vs 91 p<.001, and T1D 35 vs 35 p=NS.
Conclusion: Once-weekly efsitora achieved similar glycaemic con-
trol vs DEG as seen in several CGM derived measures providing 
useful and reassuring insights into the use of once-weekly efsitora in 
these patient populations.

Clinical Trial Registration Number: NCT04450394, NCT04450407, 
NCT03736785
Supported by: Eli Lilly and Company
Disclosure: C. Kazda: Employment/Consultancy; Eli Lilly and Com-
pany. Stock/Shareholding; Eli Lilly and Company.
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Efficacy and safety of a functionally selective insulin: a 26-week 
randomised, double blind trial versus insulin glargine in people 
with type 2 diabetes
T. Heise1, H.  Haraldsson2, T.  Herbrand1, L.  Johansson2, J.  Jordan3, E. 
 Nishimura4, L. Plum-Mörschel1, J.  Tank3, Ó. Thórisdóttir5, K.  Lyby5;
1Profil, Neuss, Germany, 2Antaros Medical, Mölndal, Sweden, 3Insti-
tute of Aerospace Medicine, German Aerospace Center, Cologne, 
Germany, 4Research & Early Development, Novo Nordisk, Måløv, 
Denmark, 5Medical & Science, Novo Nordisk, Søborg, Denmark.

Background and aims: NNC-965 is an acylated insulin analogue 
with an innovative mechanism of action selectively stimulating the 
insulin receptor with greater Akt and less MAPK activation. In dia-
betic rats, at doses with equivalent blood glucose lowering effects, 
NNC-965 improved vascular function and insulin sensitivity, reduced 
hepatic lipid accumulation in the liver, and induced less weight gain 
compared to basal insulin with a standard signalling profile. These 
positive effects could potentially reduce long-term cardiovascular 
risk. Therefore, we tested the hypothesis that NNC-965 improves 
Flow-Mediated Dilation (FMD), a measure of endothelial function, 
in people with T2D compared to current basal insulin therapy.
Materials and methods: People with T2D on basal insulin +/- 
metformin/DPP4i/SGLT2i were randomised 1:1 to NNC-965 or 
insulin glargine once daily for 26 weeks in a double-blind design. 
Insulin doses were titrated weekly aided by a pre-specified algo-
rithm with a target fasting plasma glucose of 4.4-7.2 mmol/L. 
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Before and at the end of the treatment period, participants were 
submitted to detailed cardiovascular assessments including FMD, 
the primary endpoint, and Pulse Wave Velocity, Leg Blood Flow, 
Retinal Arteriolar Dilation and Left Ventricular Ejection Fraction.
Results: Eighty-six (86) participants were randomized and 
exposed (mean±SD age 63±7.9 years, BMI 30.7±4.3 kg/m2, 
HbA1c 7.6±0.9 %). Both treatments similarly improved glycae-
mic control (table). NNC-965 also improved FMD and insulin 
sensitivity (Rate of Glucose Disposal in an insulin tolerance test) 
compared to insulin glargine. Liver Fat decreased similarly on 
both treatments. However, NNC-965 increased body weight and 
body fat mass compared to insulin glargine. No statistically sig-
nificant differences between NNC-965 and insulin glargine were 
identified for any of the other supportive secondary endpoints 
(Pulse Wave Velocity, Leg Blood Flow, Retinal Arteriolar Dila-
tion, Left Ventricular Ejection Fraction, hypoglycaemic episodes).
Conclusion: With similar glycaemic control the NNC-965 novel 
functionally selective insulin analogue improved endothelial function 
measured by FMD and improved insulin sensitivity compared to insu-
lin glargine, however it increased body weight and body fat mass. The 
finding further supports the idea that a functionally selective insulin 
could have a beneficial effect on long-term cardiovascular risk.

Clinical Trial Registration Number: NCT04575181
Supported by: Novo Nordisk A/S
Disclosure: T. Heise: Grants; Adocia, AstraZeneca, Biocon, Crinet-
ics, Eli Lilly, Genova, Novo Nordisk, Sanofi, Zealand. Honorarium; 
Novo Nordisk. Lecture/other fees; Eli Lilly, Gan & Lee Pharmaceu-
ticals, Novo Nordisk.
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Ultra-rapid lispro is more protective against exercise-associated 
hypoglycaemia over lispro in adults with type 1 diabetes on con-
tinuous subcutaneous insulin infusion
J. Leohr1, A.  Abibol2, E. Smith  LaBell1, A.  Ghosh1, L.V.  Turner3, 
D.  Shakeri3, T.  Fukuda1, M.C.  Riddell2,3;
1Eli Lilly and Company, Indianapolis, IN, USA, 2LMC Healthcare/
Centricity Research, Toronto, ON, Canada, 3Muscle Health Research 
Centre, York University, Toronto, ON, Canada.

Background and aims: Individuals with type 1 diabetes (T1D) 
on continuous subcutaneous insulin infusion (CSII) typically have 
a large reduction in blood glucose levels during aerobic exercise, 
even when an insulin basal rate reduction (BRR) occurs at or before 
the onset of exercise. Ultra rapid lispro (URLi) is a new insulin 

lispro formulation with a faster onset of action and shorter duration 
of action compared to currently available rapid-acting insulin ana-
logues. URLi’s shorter duration of insulin action could protect against 
exercise-induced hypoglycaemia when individuals on CSII perform 
a BRR prior to exercise. The aim of this study was to assess if using 
URLi resulted in less exercise-induced glucose lowering compared 
to Lispro with two different BRR approaches during CSII therapy.
Materials and methods: This was a double-blind, 4-period cross-
over, randomized (1:1:1:1) controlled trial in adults with T1D on 
standard CSII to evaluate URLi vs Lispro during either a 50% BRR 
started 60 minutes or a 100% BRR started 15 minutes prior to the 
onset of aerobic exercise. Primary endpoint was the change in glucose 
during exercise, with insulin lispro PK as the secondary endpoint. 
Physically active men and women with T1D (VO2max =41.6 ±7.21 
ml/kg/min) underwent basal/bolus optimization with Lispro prior to 
randomization. Each period, exercise (treadmill walking, for 60min 
~55% VO2max) was performed 4 hours after a standardized meal at 
lunch with their usual prandial insulin dose.
Results: Twenty-five participants (52% male) had a mean ±SD 
age 36.7±10.3 years, and HbA1c 50.4± 8.51 mmol/mol (6.8 
±0.78%). Mean ±SE plasma glucose levels prior to the exercise 
onset were similar between URLi and Lispro for the 50% BRR (8.6 
± 0.43mmol/L vs 9.5 ± 0.38mmol/L; p=0.15) and for the 100% 
BRR (9.2 ± 0.47mmol/L vs 9.0 ± 0.42 mmol/L; p=0.74). Exer-
cise-induced glucose lowering was less pronounced with URLi vs 
Lispro, independent of BRR (Figure). During the 50% BRR, URLi 
attenuated the reduction in mean glucose level compared to Lispro 
(-1.5 ± 0.41 mmol/L vs -2.2 ± 0.43 mmol/L). Similarly, URLi also 
attenuated the reduction in mean glucose during the exercise com-
pared to Lispro during the 100% BRR (-2.6 ± 0.35 mmol/L vs -3.4 
± 0.44 mmol/L). In both the cases, the differences between study 
treatments for each BRR were found to be statistically significant 
(p<0.05). Likewise, less hypoglycaemic events were observed with 
URLi (12%) compared to Lispro (32%) during the exercise period 
for both BRR approaches.
Conclusion: URLi demonstrated an attenuation of exercise-induced 
glucose lowering compared to Lispro during aerobic exercise using 
either a 50% or 100% BRR approach. These data suggest that URLi 
may protect against exercise-associated hypoglycaemia in adults with 
TID on standard CSII therapy.

Clinical Trial Registration Number: NCT05262387
Disclosure: J. Leohr: None.
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Pregnancy and neonatal outcomes following bariatric surgery 
in Queensland, Australia: a data-linkage matched cohort study
J. Eccles-Smith;
Mater Research Institution- The University of Queensland, Brisbane, 
Australia.

Background and aims: In Australia, bariatric procedures doubled 
between 2005 and 2015 with 80% performed on women of child 
bearing age. Pregnancy following bariatric surgery is associated with 
mixed maternal and fetal outcomes. Lower rates of hypertensive dis-
orders and gestational diabetes but higher rates of small for gestational 
age infants and pre-term delivery are reported predominantly from 
women with previous roux-en y gastric bypass. Limited data are avail-
able regarding pregnancy outcomes after laparoscopic sleeve gastrec-
tomy. This data-linkage project analysed the pregnancy and neonatal 
outcomes of women who delivered between 2013-2018 following bari-
atric surgery against matched controls within Queensland, Australia.
Materials and methods: Singleton pregnancies with prior maternal 
bariatric surgery (n=1,282) registered in the Queensland Hospital 
Admitted Patient Data Collection were control-matched (n = 12,820) 
with deliveries during 2013-2018 in the Perinatal Data Collection. 
Women were matched 1:10 by maternal BMI, smoking, age and parity 
with the first pregnancy following bariatric surgery for each woman 
used for analysis. Pregnancy and neonatal outcomes were analysed 
using paired t-tests, Chi-square or Fishers exact test as appropriate.
Results: Of 1282 women with a singleton delivery after bariatric sur-
gery, 89% had undergone laparoscopic sleeve gastrectomy). The pro-
portion of assisted reproductive technology use was higher in women 
with previous bariatric surgery 10.7% (n=137) vs 8.0% (n=1,022) 
matched women (p<0.001). Rates of preterm (<37 weeks) birth were 
higher in women with previous bariatric surgery at 10.5% (135) vs 
7.8% (1004) in matched women. Neonates born to women with pre-
vious bariatric surgery had lower absolute birthweights (3223g ± 
605g vs 3418g ± 595g; p<0.001), lower rates of large for gestational 
age (LGA) (8.6% vs 14.1%; p<0.001) and higher rates of small for 
gestational age (SGA) (10.7% vs 7.3%; p<0.001). Rates of gesta-
tional diabetes mellitus (GDM) and pregnancy induced hypertension 
were lower in women with previous bariatric surgery (15% vs 20%; 
p<0.001) and (4% vs 5%; p=0.01). Pre -existing diabetes, pre-existing 
hypertension, pre-eclampsia and admission to special care or neonatal 
intensive care nursery rates were not different between groups.
Conclusion: Our results suggest that pregnancy outcomes following 
maternal bariatric surgery differ from matched controls. There was 
lower proportions of GDM and LGA, but higher proportions of pre-term 
delivery, SGA and lower absolute birth weights in women with previous 
surgery to matched women. Despite BMI matching women with previous 
bariatric surgery had lower rates of GDM. Current screening for GDM 
following surgery is not evidence based, this may lead to fewer women 
being appropriately identified. Possible physiologic incretin changes 
following surgery may also contribute to altered glucose homeostasis.
Supported by: DARP
Disclosure: J. Eccles-Smith: Other; Research Training Program Tui-
tion Fee Offset.

14
Altered postprandial glucose metabolism and enteropancreatic 
hormone response during pregnancy following Roux-en-Y gastric 
bypass: a prospective cohort study
L.L. Stentebjerg1, L.R.  Madsen2,3, R.K. Støving4, B.  Hartmann5, 
J.J.  Holst5, C.A.  Vinter6, C.B.  Juhl7, K. Højlund1, D.M.  Jensen1,6;

1Steno Diabetes Center Odense, Odense University Hospital, 
Odense, Denmark, 2Steno Diabetes Center Aarhus, Aarhus Uni-
versity Hospital, Aarhus, Denmark, 3Danish Diabetes and Endo-
crine Academy, Odense, Denmark, 4Department of Endocrinology, 
Odense University Hospital, Odense, Denmark, 5Novo Nordisk 
Center for Basic Metabolic Research, University of Copenhagen, 
Copenhagen, Denmark, 6Department of Gynecology and Obstet-
rics, Odense University Hospital, Odense, Denmark, 7Depart-
ment of Endocrinology, Hospital of South West Jutland, Esbjerg, 
Denmark.

Background and aims: Roux-en-Y gastric bypass surgery (RYGB) 
increases the risk of postprandial hypoglycemia. In contrast, preg-
nancy increases insulin resistance, which could counteract hypogly-
cemia. We examined if RYGB performed prior to pregnancy altered 
the postprandial glucose metabolism and enteropancreatic hormone 
responses to a mixed meal test in pregnancy.
Materials and methods: Twenty-three pregnant women with RYGB 
and 23 pregnant women matched on BMI and parity underwent a 4-hour 
liquid mixed meal test (200 ml Nutridrink®, 300 kcal, 49 E% carbohy-
drate, 16E% protein, and 35 E% fat) in the first and third trimester with 
measurement of circulating levels of glucose, insulin, C-peptide, glucose-
dependent insulin peptide (GIP), glucagon-like peptide 1 (GLP-1), and 
glucagon. Hypoglycemia was defined as plasma glucose < 3.5 mmol/L, 
and the updated HOMA2 insulin resistance index was calculated based 
on C-peptide.
Results: Women with RYGB had earlier and higher peak glucose (First 
trimester: 8.2 vs. 6.3 mmol/L, p<0.01. Third trimester: 8.3 vs. 6.6 mmol/L, 
p<0.01), lower nadir glucose (First trimester: 3.7 vs. 4.2 mmol/L, p<0.01. 
Third trimester: 3.9 vs. 4.2 mmol/L, p<0.01) and a higher frequency of 
hypoglycemia (First trimester: 39 vs. 4%, p=0.01. Third trimester: 24 vs. 
0%, p=0.02) than women without RYGB. The lower nadir glucose levels 
were preceded by markedly elevated peak GLP-1 (First trimester: 104 vs. 
30 pmol/L, p<0.01. Third trimester: 124 vs. 30 pmol/L, p<0.01) and peak 
insulin (First trimester: 1,337 vs. 603 pmol/L, p<0.01. Third trimester: 1,326 
vs. 781 pmol/L, p<0.01) in women with RYGB, whereas GIP levels were 
unaltered. Fasting levels of serum insulin (First trimester: 40 vs. 97 pmol/L, 
p<0.01. Third trimester: 57 vs. 144 pmol/L, p<0.01) and C-peptide (First 
trimester: 590 vs. 788 pmol/L, p=0.01. Third trimester: 837 vs 1,268 pmol/L, 
p<0.01) increased in both groups from first to third trimester (all p<0.001). 
In accordance, HOMA2 insulin resistance increased from first to third tri-
mester in both groups (First trimester: 1.3 vs. 1.8, p<0.01. Third trimester: 
1.8 vs. 2.7, p<0.01), but was lower throughout pregnancy among the women 
with RYGB compared to controls (all p<0.01). Finally, compared to controls, 
AUC of glucagon were lower in women with RYGB (First trimester: 1,542 
vs. 2,555 pmol/L·min, p<0.01. Third trimester: 1,694 vs. 2,123 pmol/L·min, 
p=0.05).
Conclusion: These results provide novel insights into the combined 
effects of RYGB and pregnancy on the post-meal glucose metabolism 
and enteropancreatic hormone responses during pregnancy, and how 
these changes associate with an increased risk of postprandial hypo-
glycemia. Despite an increase in insulin resistance during pregnancy, 
hyperinsulinemic hypoglycemia occurred in both first and third trimes-
ter of pregnancy.
Clinical Trial Registration Number: NCT03713060
Supported by: L.L. Stentebjerg: Grants; Region of Southern Denmark.
Disclosure: L.L. Stentebjerg: None.

15
Screening of gestational diabetes in early pregnancy by oral glu-
cose tolerance test and biomarkers: a multi-centre cohort study
E.A. Huhn1,2, T.  Fischer3, M. Todesco  Bernasconi4, M.  Kreft5, M. 
 Kunze6, E. Dölzlmüller3, H. Jaksch-Bogensperger3, S.  Heldstab4, N. 
Ochsenbein-Koelble5, A.  Richter5, E. Bäz6, B.  Winzeler7, A.  Tura8, 
I. Hösli1, C.S. Göbl9;
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1Department of Obstetrics and Gynaecology, University and University 
Hospital Basel, Basel, Switzerland, 2Clinic of Obstetrics and Prenatal 
Medicine, University Hospital Hamburg-Eppendorf, Hamburg, Ger-
many, 3Department of Obstetrics and Gynaecology, Paracelsus Medical 
University, Salzburg, Austria, 4Department of Obstetrics and Gynae-
cology, Cantonal Hospital Aarau, Aarau, Switzerland, 5Department 
of Obstetrics and Gynaecology, University Hospital Zurich, Zürich, 
Switzerland, 6Department of Obstetrics and Gynaecology, University 
Hospital Freiburg, Freiburg, Germany, 7Department of Endocrinology 
and Diabetology, University and University Hospital Basel, Basel, Swit-
zerland, 8CNR, Institute of Neuroscience, Padova, Italy, 9Department 
of Obstetrics and Gynaecology, Medical University of Vienna, Vienna, 
Austria.

Background and aims: According to most clinical recommendations 
Gestational Diabetes Mellitus (GDM) is diagnosed after 24 gesta-
tional weeks (GW). The identification of mothers with particularly 
high risk before 24 GW may be beneficial to improve pregnancy 
outcomes, however, there is no clear consensus about an accurate 
risk stratification at early pregnancy. Therefore, this study aims to 
evaluate the predictive performance of a 75 oral glucose tolerance 
test (OGTT) and several biomarkers at first trimester of pregnancy. 
Their association with insulin action and β-cell function were addi-
tionally assessed.
Materials and methods: In the setting of a prospective cohort study, 
we included 703 pregnant women in six middle European centres. 
Patient history as well as a blinded 75 g OGTT, and biochemical 
markers were assessed at a median gestational age of 13.4 GW 
(interquartile range: 12.7-14.1). A second 75g OGTT was performed 
between 24-28 GW to identify women with GDM according to the 
World Health Organisation criteria. A detailed investigation of glu-
cose homeostasis was performed at both visits in a subgroup of 204 
women (study participants included in Vienna).
Results: The later development of GDM occurred in a total of 87 
women (12.4%) and was fairly predicted by glucose concentrations 
during the early OGTT (OGTT-Glucose 0 minutes: 70.3%, 95%CI: 
63.8-76.8; OGTT-Glucose 60 minutes: 75.0%, 95%CI: 69.6-80.5; 
OGTT-Glucose 120 minutes: 72.9%, 95%CI: 66.5-79.2). In addition, 
some biomarkers showed significant but modest predictive accuracy 
as assessed by the area under the receiver operating characteris-
tic curve (fructosamine: 56.9%; adiponectin: 61.2%; glycosylated 
fibronectin: 58.6%, triglycerides: 60.1%). A detailed assessment 
of the association with parameters of glucose homeostasis showed 
close association between early gestational OGTT glucose concen-
trations and dynamically assessed insulin resistance (as assessed by 
the composite Index), β-cell dysfunction (as assessed by the “oral” 
disposition index) as well as maternal HbA1c levels.
Conclusion: Although, recommendations for an accurate GDM 
diagnosis before 24 GW are missing dynamically assessed glucose 
concentrations during an early OGTT showed strong association with 
parameters of glucose homeostasis and a fair predictive accuracy for 
the later development for GDM. These can be used to distinguish 
between low and high-risk mothers.
Clinical Trial Registration Number: NCT02035059
Supported by: Swiss National Fund, Diabetes Society Basel, Gottfried 
and Julia Bangerter-Rhyner-Foundation
Disclosure: E.A. Huhn: None.

16
Implementation of a screening protocol for the detection of Matu-
rity Onset Diabetes of the Young (MODY) in pregnancy: a retro-
spective preliminary analysis
R. Farrelly1, I.  Blinkhorn1, M.  Rathod2, E.  Scott1;
1University of Leeds, Leeds, UK, 2Obstetrics Department, St James 
University Hospital, Leeds, UK.

Background and aims: Maturity onset diabetes of the young 
(MODY) is a monogenic, autosomal dominant condition, often mis-
diagnosed during pregnancy as gestational diabetes mellitus (GDM). 
Previous groups have suggested that a fasting glucose >5.5 mmol/l 
in women with a body mass index (BMI) <25 kg/m2 successfully 
identifies those who cases of GDM that should have MODY genetic 
testing. The aims of this service evaluation were to: 1) explore the 
impact of applying these screening criteria to an ethnically diverse 
population of women diagnosed with GDM to determine the num-
bers needing to be tested; 2) generate preliminary data on whether 
demographic or clinical characteristics differed between those women 
with GDM who fulfilled the criteria for MODY screening, compared 
to those who did not.
Materials and methods: GDM pregnancies diagnosed by NICE cri-
teria on 75g oral glucose tolerance test (OGTT) at a single tertiary 
referral hospital between September 2021 and September 2022 were 
identified from electronic patient records held in a centralised database 
(PPM+ and K2). Only those patients with complete datasets available 
were included in the final analysis. Those suitable for MODY testing 
were identified within the GDM cohort if they had a BMI <25kg/m2 
at booking and a fasting glucose value of ≥5.5mmol/L at the time of 
75g OGTT. Statistical analysis was performed using Microsoft Excel 
and GraphPad Prism. Differences and associations were considered 
statistically significant when p<0.05.
Results: A total of 678 GDM pregnancies with complete datasets 
were identified. Of these 17 (2.5%) were identified using the 
screening protocol to have potential MODY and thus, be eligi-
ble for genetic screening. There was no significant difference in 
maternal age between the two groups (p=0.3915) nor was there 
significant difference between the ethnicity of the two populations 
(p=0.8085). This supports that age and ethnicity should not be 
added to screening criteria for MODY in pregnancy.
Conclusion: Applying simple criteria, using BMI and fasting glu-
cose, to our population with GDM, suggests that 2.5% of women 
should receive MODY genetic testing. This is comparable to that 
seen in previous screening implementation studies, despite our 
cohort being more ethnically diverse. Further observational studies 
implementing the protocol in real time with confirmatory genetic 
testing is now required.
Disclosure: R. Farrelly: None.

17
Maternal overweight and obesity is associated with metabolic 
changes and foetal overgrowth in the absence of gestational 
diabetes
G. Kotzaeridi1, C.  Monod1,2, T.  Linder1, G. Yerlikaya-Schatten1, S. 
 Wegener3, B.  Mosimann2, W.  Henrich3, A.  Tura4, C.S. Göbl1;
1Department of Obstetrics and Gynecology, Medical University of 
Vienna, Vienna, Austria, 2Department of Obstetrics and Gynecology, 
University Hospital Basel, Basel, Switzerland, 3Clinic of Obstetrics, 
Charité-Universitätsmedizin Berlin, Berlin, Germany, 4CNR Institute 
of Neuroscience, Padova, Italy.

Background and aims: Previous studies indicated an association 
between fetal overgrowth and maternal obesity independently of ges-
tational diabetes mellitus (GDM). However, the underlying mecha-
nisms beyond this possible association are not completely understood. 
Therefore, this study investigates fetal development and its associa-
tion with subclinical metabolic alterations in overweight and obese 
mothers who remained normal glucose tolerant during gestation.
Materials and methods: In this prospective cohort study 893 women 
who did not develop GDM were categorized according to their 
pregestational BMI: 570 normal weight, 220 overweight, 103 obese. 
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Study participants received a broad metabolic evaluation before 16 
weeks and were followed up until delivery to assess glucose levels 
during the oral glucose tolerance test (OGTT) at mid gestation as well 
as fetal biometry in ultrasound and pregnancy outcome data.
Results: Increased maternal BMI was associated with an adverse 
metabolic profile at beginning of pregnancy including a higher degree 
of insulin resistance as well as elevated triglycerides. Despite not 
fulfilling diagnosis criteria for GDM, overweight and obese mothers 
showed higher glucose levels at fasting as well as during the OGTT. 
Finally, we observed increased measures of fetal subcutaneous tis-
sue thickness in ultrasound as well as higher proportions of large for 
gestational age (LGA) infants in overweight (18.9%, p=0.021) and 
obese mothers (21.0%, p=0.027) vs. normal weight controls (11.8%). 
The risk for LGA development was further determined by OGTT glu-
cose (60 min: p=0.013, 120 min: p=0.015) and maternal triglyceride 
levels (p=0.036).
Conclusion: Mothers affected by overweight or obesity but not GDM 
had higher risk for fetal overgrowth. An impaired metabolic milieu 
related to increased maternal BMI as well as higher glucose levels 
at mid gestation may impact fetal development in women still in the 
range of normal glucose tolerance.
Disclosure: G. Kotzaeridi: None.

18
Effect of an interdisciplinary lifestyle and psychosocial interven-
tion on metabolic and mental health outcomes in women with 
gestational diabetes: the MySweetheart trial
J.J. Puder, D.Y. Quansah, L. Gilbert, A. Arhab, E. Gonzalez-Rod-
riguez, D. Hans, J. Gross, S. Lanzi, B. Stuijfzand, A. Lacroix, A. 
Horsch;
CHUV, Lausanne, Switzerland.

Background and aims: Gestational diabetes (GDM) increases the 
risk of depression, diabetes and cardiovascular disease. We tested the 
effect of a pre- and postpartum complex interdisciplinary lifestyle and 
psychosocial intervention on metabolic and mental health outcomes 
in women with GDM.
Materials and methods: This single blinded randomized controlled 
trial was conducted at the Lausanne Hospital between Septem-
ber/2016 and October/2021. 211 pregnant women with GDM were 
randomly assigned (1:1) to the intervention (n=105) or a guidelines-
based usual-care (n=106). In addition to usual-care, the intervention 
consisted of four interdisciplinary lifestyle visits during pregnancy 
and four in the postpartum, two peer-support workshops, and a 
bimonthly telemedicine coach support. It focused on tailored behav-
ioral and psychosocial strategies to improve diet, physical activity, 
mental health, social support, adherence to gestational weight gain 
(GWG) and weight retention recommendations. Primary outcomes 
were between-group differences in the decrease in weight and attenu-
ation of depression symptom scores between inclusion and 1-year 
postpartum. Assessors were blinded to outcomes.
Results: 84 women in the intervention and 95 in the usual-care com-
pleted the study. There were no differences in the decrease in weight 
(β=-0·40 [95% CI:-2·1, 1·2]) or depression scores (β=-0·95 [95% 
CI:-2·46, 0·54]). Outcomes of body composition, glycemic param-
eters, aerobic and muscular fitness did not differ. The intervention 
led to an increase in fat-free mass at 1-year postpartum (β=0·02 [95% 
CI:-0·05, -0·02]) after covariate adjustment. It decreased insulin use, 
GWG (β=-1·20 [95% CI: -2·14, -0·26]), and the rate of weekly weight 
gain (β=-0·14 [95% CI: -0·25, -0·03]) and led to a higher proportion 
of women without weight retention at 1-year postpartum (34·1% vs 
20·8%, p=0·034).
Conclusion: Compared to an active guidelines-based usual-care, 
the intervention did not lead to additional decreases in weight or 

attenuation of depression symptoms at 1-year postpartum. However, 
it decreased insulin use, GWG during pregnancy and increased the 
proportion of women without weight retention.
Clinical Trial Registration Number: NCT02890693
S u p p o r t e d  b y :  S N S F.  G o t t f r i e d  u n d  J u l i a 
Bangerter-Rhyner-Foundation
Disclosure: J.J. Puder: Grants; Swiss National Science Foundation, 
Gottfried und Julia Bangerter- Rhyner-Foundation.



S13Diabetologia (2023) 66 (Suppl 1):S1–S536 

1 3

OP 04 Diet and exposome

19
Exploring the use of metabolomics to evaluate compliance to a 
mediterranean diet intervention for cardiometabolic health
E. Smith1, U.  Ericson1, S.  Hellstrand1, M. Orho-Melander1, 
P.M.  Nilsson1,2, C.  Fernandez1, P.  Antonini3, S. Di  Somma4,3, F. 
 Ottosson5,1, O.  Melander1,2;
1Department of Clinical Sciences, Lund University, Malmö, Sweden, 
2Department of Emergency and Internal Medicine, Skåne University 
Hospital, Malmö, Sweden, 3GREAT Health Sciences, Rome, Italy, 
4Department of Medical-Surgery Sciences and Translational Medi-
cine, University of Rome Sapienza, Rome, Italy, 5Department of 
Congenital Disorders, Statens Serum Institut, Copenhagen, Denmark.

Background and aims: Healthy dietary intake is one of the main 
modifiable risk factors of development of type 2 diabetes and cardio-
vascular disease. Metabolomics has shown promise in estimating the 
quality of dietary intake by the measurement of plasma metabolites. 
We have previously identified a healthy dietary metabolic signature 
(HDMS), which was inversely associated with future type 2 diabetes 
in two separate prospective cohort studies. Our aim was to test if 
dietary metabolites and the HDMS were altered by a 7-day dietary 
intervention.
Materials and methods: We included 59 Swedish individuals in a 
7-day Mediterranean diet (MD) intervention study conducted in the 
Cilento region in Italy. Participants were served food prepared with 
local ingredients and recipes for all meals. Profiling of pre- and post-
interventional plasma metabolites was performed using an UHPLC-
QTOF. Changes in metabolome was investigated with paired T-test 
adjusted for multiple testing using false discovery rate (FDR).
Results: The intervention resulted in an improvement in the diabetes-
predictive HDMS in all 59 participants, with a large average effect 
size (mean increase 1.3 standard deviations (SD), 95% confidence 
interval 1.1-1.4, p = 6E-25) (figure 1). Out of 109 individual metabo-
lites measured, 66 were significantly altered (FDR adjusted p < 0.05). 
The most significant increased levels were seen in pipecolate (1.6 
SD, 95% CI 1.5-1.8, p = 7E-28), hippurate (1.3 SD, CI 1.1-1.5, p = 
2E-18), caffeine (1.2 SD, CI 1.0-1.4, p = 7E-14), homostachydrine 
(1.1 SD, CI 0.9-1.3, p = 2E-13), acylcarnitine C11:0 (1.1 SD, CI 
0.9-1.4, p = 9E-12), beta carotene (0.9 SD, CI 0.6-1.1, p = 5E-10) 
and 7-methylguanine (0.7 SD, CI 0.5-0.9, p = 7E-10). The most sig-
nificant decreased levels were seen in piperine (-1.4 SD, 95% CI 
-1.4- -1.2, p = 2E-18), 3-methylhistidine (-1.4 SD, CI -1.7 - -1.1, p = 
1E-12) and creatine (-0.7 SD, CI -0.9 - -0.5, p = 3E-09).
Conclusion: The HDMS, which we have previously found to asso-
ciate with decreased incidence of type 2 diabetes was profoundly 
ameliorated by a 7-day MD. Interestingly, several of the individual 
metabolites known as markers of vegetables, fruits and berries, 
whole grain and legumes increased, whereas markers of meat intake 
decreased after the one-week intervention. Our study suggests that 
monitoring of the HDMS and several of its individual metabolites, 
which are markers of intake of specific food groups, can be a valu-
able tool in evaluating the effectiveness of dietary interventions and 
promoting healthy dietary adherence.

Supported by: VR, HLF
Disclosure: E. Smith: None.

20
Diet in the management of type 2 diabetes: an umbrella review of 
the evidence of randomised controlled trials
E. Szczerba1,2, J.  Barbaresko1, T.  Schiemann1, A. Stahl-Pehe1,2, L. 
 Schwingshackl3, S.  Schlesinger1,2;
1Institute for Biometrics and Epidemiology, German Diabetes Center, 
Düsseldorf, Germany, 2German Center for Diabetes Research (DZD), 
Partner Düsseldorf, Munich-Neuherberg, Germany, 3Institute for Evi-
dence in Medicine, Faculty of Medicine and Medical Center- Univer-
sity of Freiburg, Freiburg, Germany.

Background and aims: Diet is a cornerstone in the management 
of type 2 diabetes (T2D). However, it is still unclear which dietary 
factors are truly effective in managing cardiometabolic risk factors 
and reducing the risk of diabetes complications. Therefore, the 
aim of our study was to conduct an umbrella review of systematic 
reviews with meta-analyses of randomised controlled trials (RCTs) 
on any dietary factors and health outcomes in persons with T2D.
Materials and methods: We performed a systematic literature search 
in four online databases up to June 2022 by two researchers indepen-
dently. We included systematic reviews with meta-analyses of RCTs 
(intervention time ≥12 weeks) reporting summary effect estimates on 
the impact of dietary factors (dietary patterns, food groups, nutrients, 
dietary supplements) regarding any health outcome in persons with 
T2D. Summary data were extracted by two investigators indepen-
dently. We recalculated the summary effect estimates with 95% con-
fidence intervals (CIs) using a random-effects model if the original 
publication provided insufficient information. Methodological quality 
was evaluated with the AMSTAR-2 tool and certainty of evidence 
(CoE) with the GRADEpro approach.
Results: Overall, we included 88 publications with 312 meta-analyses. 
Methodological quality was high to moderate in 22% and low to very low 
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in 78% of the included publications. CoE was high for 2% of the meta-
analyses, moderate for 13%, and low or very low for 85%. We found high 
CoE for the effects of liquid meal replacement on BMI (mean difference 
(MD): -0.87 kg/m2; 95%CI: -1.32, -0.43; n=8 primary studies) and body 
weight reduction (MD: -2.37 kg; 95%CI: -3.30, -1.44; n=9) as well as for 
low-carbohydrate diets (<26% of total energy) on HbA1c (MD: -0.47%; 
95%CI: -0.60, -0.34; n=17) and triglycerides levels (MD: -0.30 mmol/L; 
95%CI: -0.43, -0.17; n=19). Moderate CoE changes was found for plant-
based diets and reduced anthropometric measures (BMI: -1.13 kg/m2; 
95%CI -1.88; -0.38; n=3, waist circumference: -2.41cm; 95%CI -3.50, 1.32; 
n=2), for liquid meal replacement diets, fibre, ginger, anthocyanins or pro-
biotics with improved glycaemic measures (fasting blood glucose reduction 
of -63.0 to -1.78 mmol/l, HOMA-IR reduction of -0.82 to 1.08 units), and 
for high-protein diets, soya or fibre on improved blood lipids (triglycerides 
reduction of -0.13 to -41.0 mmol/l, total cholesterol reduction of -0.10 to 
-0.24 mmol/l, low density cholesterol reduction of -0.19 to -0.26 mmol/l).
Conclusion: Evidence shows that diet plays a multifaceted role in the 
management of T2D. An energy-restricted diet can be recommended 
for persons with T2D to reduce body weight and improve cardiometa-
bolic markers. Beyond energy restriction, dietary approaches such as 
a plant-based, Mediterranean, low carbohydrate and high-protein diet 
can also be beneficial for cardiometabolic health for persons with T2D. 
To provide evidence-based recommendations for the effectiveness of 
other dietary factors on T2D management, more future primary studies 
as well as systematic reviews with meta-analyses are needed.
Disclosure: E. Szczerba: None.

21
The associations between metabolomic responses to a liquid 
mixed meal and incidence of type 2 diabetes: Are there novel 
biomarkers beyond glucose and triglyceride response?
R. Li-Gao1, C.  Lu2, D.A.  Hughes3, J.B. van  Klinken4, R. de 
 Mutsert1, F.R.  Rosendaal1, N.J.  Timpson3, D.O. Mook-Kanamori1, 
J.J.  Goeman2, H.  Putter2, K. Willems van  Dijk4;
1Department of Clinical Epidemiology, Leiden University Medical 
Center, Leiden, Netherlands, 2Department of Medical Statistics and 
Bioinformatics, Leiden University Medical Center, Leiden, Netherlands, 
3MRC Integrative Epidemiology Unit, School of Social and Community 
Medicine, University of Bristol, Bristol, UK, 4Department of Human 
Genetics, Leiden University Medical Center, Leiden, Netherlands.

Background and aims: Disturbed postprandial plasma metabolite 
levels and responses (such as glucose and triglyceride) have been 
suggested as risk factors for type 2 diabetes (T2D). However, this 
remains to be fully investigated. We aim to leverage the Netherlands 
Epidemiology of Obesity (NEO) study to systematically examine the 
associations between metabolomic responses and incidence of T2D.
Materials and methods: We analyzed 5876 participants with a mean 
(SD) age of 56 (6) years, body mass index (BMI) of 29.8 (4.7) kg/
m2, 53% women, without T2D at baseline. In fasting and postprandial 
(t=150 min after a liquid mixed meal; 400 ml with 2.5MJ) plasma 
samples, 148 metabolites were measured using the 1H NMR plat-
form. The response of a metabolite was defined as the difference 
between postprandial and fasting levels, which was standardized for a 
cross-metabolite comparison. A Cox proportional-hazard model was 
used to estimate hazard ratios (HR) of T2D, adjusted for confounders 
including age, sex, BMI and glucose levels. False discovery rate was 
applied in each meal state respectively.
Results: Over a median follow-up of 6.7 years, 302 new cases of 
T2D were detected. Glucose response showed the strongest associa-
tion to T2D risk, with one SD change of glucose response leading to 
80% (95% CI: 61%-101%) increase of disease risk. After adjusting 
for glucose levels, the responses of alanine and histidine showed the 
associations to T2D, with one SD change of alanine and histidine 

response leading to 26% (95% CI: 15%-35%) and 22% (95% CI: 19%-
31%) decrease of T2D risk respectively. In addition, one SD change 
of responses of MVLDL, LVLDL, XLVLDL and XXLVLDL showed 
a higher risk of T2D (17%-24%).
Conclusion: In this middle-aged population, certain metabolite 
responses were associated with incidence of T2D, independent of 
glucose levels, which suggests the clinical utility of postprandial 
measurements in predicting T2D progression.
Clinical Trial Registration Number: NCT03410316
Supported by: This project is supported by "Innovation for Data Ana-
lytics" grant from Leiden University Medical Center, the Netherlands
Disclosure: R. Li-Gao: Employment/Consultancy; Ruifang Li-Gao 
is a part-time contractor for Metabolon Inc.

22
A randomised controlled trial of intermittently-scanned continu-
ous glucose monitoring as an adjunct to lifestyle modification in 
impaired glucose tolerance
E. Chow, N. Chu, J. He, H. Leung, C. So, E. Poon, R. Chan, A. 
Kong, J. Chan;
The Chinese University of Hong Kong, Hong Kong, Hong Kong.

Background and aims: Continuous glucose monitoring (CGM) has 
been shown to promote behavioural and lifestyle changes in people 
with diabetes. Benefits of CGM in people with intermediate hyper-
glycemia remain unknown. In this study, we evaluated the effect of 
intermittently scanned continuous glucose monitoring (isCGM) as 
an adjunct to a lifestyle modification program (LMP) in individuals 
with impaired glucose tolerance (IGT).
Materials and methods: This was a 12-month prospective, open-label, 
non-masked, randomized controlled trial where participants with IGT were 
allocated 1:1 to isCGM as an adjunct to LMP (intervention group) ver-
sus LMP alone (control). Participants were aged 18-65 years, body mass 
index (BMI) between 18-40 kg/m2 with 2-hour plasma glucose (2hPG) 
between 7.8-11.1 mmol/L on 75g oral glucose tolerance test (OGTT). 
Both groups participated in a 12-month structured LMP modelled on the 
Diabetes Prevention Program with weekly dietary consultations in the first 
4-month intensive phase and monthly in the 8-month maintenance phase. 
The intervention group additionally wore an isCGM two-weeks on, two-
weeks off in the first 4 months only. Fasting plasma glucose, 1h and 2hPG 
at OGTT, HbA1c, body weight, 3-day dietary records, physical activity 
were assessed at 4-monthly intervals. The primary outcome was improve-
ment in glucose tolerance by intention-to-treat analysis.
Results: We included 177 participants (mean±SD age 57±7 years, BMI 
26.7±4.0 kg/m2, 59.3% female, 1hPG 10.9±1.6 mmol/L, 2hPG 8.4±1.4 
mmol/L) who were randomized to CGM+LMP (n=89) or LMP (n=88) 
arms. Average sensor active time was 86±12% with mean 9.5±5.0 scans per 
day in the CGM group. At month 4, 1hPG was 9.7±2.1 versus 10.1±1.19 
mmol/L in the intervention versus control group (-1.2±1.8 vs -0.7±1.8 
mmol/L, treatment difference -0.46 mmol/L, 95% confidence interval -1.04, 
0.13). Reductions in daily calorie intake were similar, but the CGM+LMP 
group had a greater reduction in total sugar intake. In per-protocol analysis 
(including those with >70% sensor use and/or attended >70% of consulta-
tions), the CGM+LMP group showed a greater reduction in 1hPG (-1.3±1.8 
vs -0.7±1.7 mmol/L, p=0.05) and % body weight (-5.1±3.5 vs -4.2±3.0 %) 
at month 4. Higher sensor active time correlated with greater percentage 
weight loss in the CGM+LMP group (r= -0.364, p=0.002).
Conclusion: isCGM as an adjunct to LMP may facilitate early improve-
ments in glucose tolerance in people with IGT. The ongoing trial will 
address whether these improvements are sustained at month 12 and 
beyond.
Clinical Trial Registration Number: NCT04588896
Supported by: HMRF Investigator Initiated Research Grant
Disclosure: E. Chow: None.
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Enteroviral infections are not associated with type 2 diabetes
K. Maedler, H. Liu, S. Geravandi, A. Pugliese;
University of Bremen, Bremen, Germany.

Background and aims: For more than a century, enteroviral infec-
tions have been associated with autoimmunity and Type 1 Diabetes 
(T1D). The increased presence of enteroviral RNA in the pancreas from 
organ donors with T1D has just been confirmed in large meta-analyses. 
Virus responses evoke chemokines and cytokines, the “cytokine storm” 
circulating through the body and attack cells especially vulnerable to 
inflammatory destruction. Uncontrolled viral response pathways repeat-
edly presented during childhood highly correlate with autoimmunity 
and T1D. Whole intra-islet inflammation is a major trigger of beta-
cell failure in both T1D and T2D. The genetic contribution of islet 
inflammation pathways is apparent in T1D, with several mutations in 
the interferon system. In contrast, in T2D, gene mutations are related 
to glucose homeostasis in beta-cells and insulin target tissue and rarely 
within viral response pathways. Therefore, the current study evaluated 
whether enteroviral RNA can be found in the pancreas from organ 
donors with T2D and its association with disease progression.
Materials and methods: Pancreases from well-characterized 29 
organ donors with T2D and 16 age- and BMI matched controls were 
obtained from the network for Pancreatic Organ Donors with diabe-
tes (nPOD) and were analyzed in duplicates. Single molecule FISH 
analyses were performed using three probe sets to detect positive 
strand enteroviral RNA; pancreas sections were co-stained by classi-
cal immunostaining for insulin and glucagon.
Results: There was increased islet lymphocytic infiltration and 
decreased beta-cell area in T2D pancreases, but no difference in the 
presence or localization of enteroviral RNA in control nondiabetic 
and T2D pancreases; viral infiltration showed large heterogeneity 
in both groups ranging from 0-94  virus+ cells scattered throughout 
the pancreas, most of them in the exocrine pancreas. Very rarely, a 
single  virus+ cell was found within islets or co-stained with  CD45+ 
immune cells. Only one single T2D donor presented an exceptionally 
high number of viruses, similarly as seen previously in T1D, which 
correlated with a highly reduced number of beta-cells.
Conclusion: Based on the analysis of enteroviral RNA by smFISH of 
currently available organ donors from the nPOD cohort, no associa-
tion of enteroviral infection and T2D diabetes could be found. Despite 
great similarities in inflammatory markers in islets in T1D and T2D, 
long-term enteroviral infiltration is a distinct pathological feature of 
T1D-associated autoimmunity and in T1D pancreases.
Supported by: JDRF, DFG
Disclosure: K. Maedler: None.

24
Low dose radiation exposure and the risk of diabetes: a 10-year 
retrospective cohort study
H. Hu, T. Okubo;
National Institute of Occupational Safety and Health, Kawasaki, Japan.

Background and aims: Limited evidence exists on the impact of 
radiation exposure on diabetes risk. We examined the association 
between low-dose radiation exposure and risk of diabetes in adults 
who performed emergency work at the Fukushima Dai-ichi nuclear 
plant.
Materials and methods: This is a retrospective analysis of 
baseline data from the Epidemiological Study of Health Effects 
in Fukushima Nuclear Emergency Workers (NEWS). A total of 
5,326 participants from the NEWS study were included. Diabetes 
was defined as a fast plasma glucose level of at least 126 mg/
dL, an HbA1c level of at least 6.5%, or self-reported diagnosis of 

diabetes. Incident diabetes that occurred between 2012 and 2021 
is identified if the age at onset is older than that in 2011. Radiation 
dose received at emergency work (2011/03-2011/12) was measured 
using the individual pocket alarm dosemeter for external exposure 
and the whole-body counter for internal exposure. The Cox propor-
tional hazards regression analysis was used to assess the associa-
tion between incident diabetes and cumulative radiation exposure, 
with adjustment for a wide range of covariates.
Results: Between 2012 and 2021, 392 participants developed dia-
betes. After adjusting for age, body mass index, smoking, alcohol 
consumption, leisure-time physical activity, employment history, 
dyslipidemia, and hypertension, the hazard ratios (95% confidence 
intervals) for diabetes were 1.06 (0.78, 1.45), 1.47 (1.12, 1.94), 1.33 
(1.00, 1.77), and 0.98 (0.62, 1.56) for the 5-9 mSv, 10-19 mSv, 20-49 
mSv, and ≥50 mSv groups, respectively, compared with the 0-4 mSv 
group (P for tend = 0.06).
Conclusion: We observed an increased risk of diabetes among 
nuclear emergency workers. A continuation of the NEWS study will 
result in an even clearer picture of the diabetes risk at low doses.
Supported by: Industrial Disease Clinical Research Grants
Disclosure: H. Hu: None.
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25
Efficacy of autologous cell therapy in the treatment of chronic 
limb-threatening ischaemia in people with diabetes: a randomised 
controlled trial
M. Dubsky, J. Husakova, D. Sojakova, V. Fejfarova, R. Jarosikova, 
A. Nemcova, V. Lovasova, K. Sutoris, V. Woskova;
Institute for Clinical and Experimental Medicine, Prague, Czech 
Republic.

Background and aims: There are still many patients with the most 
severe stages of chronic limb-threatening ischemia (CLTI) who are 
not suitable for any kind of standard revascularization. Autologous 
cell therapy (ACT) is a novel treatment approach for patients with 
diabetes and no-option CLTI (NO-CLTI). The aim of our study was to 
analyze the impact of ACT on NO-CLTI in comparison with standard 
conservative treatment (ST) in a randomized controlled trial.
Materials and methods: Diabetic patients with NO-CLTI treated in 
our centre over 6 years were randomized to receive either ACT (n=28) 
or ST (n=27). After 12 weeks, those in the ST group, who did not 
improve were treated with ACT. The effect of ACT on ischemia and 
wound healing was assessed by changes in transcutaneous oxygen 
pressure  (TcPO2) and the number of healed patients at 12 weeks. Pain 
was evaluated by Visual Analogue Scale (VAS). Amputation rates and 
amputation-free survival (AFS) were assessed in both groups.
Results: During the first 12 weeks,  TcPO2 increased in the ACT group from 
19.6±9.1 to 40.2±17.6 mm Hg (p=0.004) whereas there was no change in 
the ST group (from 20.4±10.9 to 23.1±13.7 mm Hg). Difference in  TcPO2 
in the ACT group compared to ST group was 17.9 mm Hg (p=0.038) after 
12 weeks. In the period from week 12 to week 24, when patients from ST 
group received ACT, the  TcPO2 in this group increased from 20.4±10.9 to 
39.7±13.6 (p=0.006) while it did not change significantly in the ACT in 
this period. At 24 weeks, there was no significant difference in mean  TcPO2 
between the two groups. Wound healing was greater at 12 weeks in the ACT 
group in non-amputated patients compared to the ST group (8/23 vs. 1/19, 
p=0.008). Pain measured using VAS was significantly reduced in the ACT 
group after 12 weeks compared to ST group (p<0.001). There was no differ-
ence in rates of major amputation and AFS between both groups at 12 weeks.
Conclusion: This study showed that ACT in patients with no-option 
CLTI and diabetic foot significantly improved limb ischemia and wound 
healing after 12 weeks compared to conservative standard therapy. 
Larger randomized controlled trials are needed to confirm the benefits 
of ACT in patients with NO-CLTI and diabetic foot disease.
Supported by: the project CarDia (Programme EXCELES, Project No. 
LX22NPO5104) - Funded by the European Union - Next Generation EU.
Disclosure: M. Dubsky: None.

26
Effect of macrophage-regulating new drug in treatment of diabetic 
foot ulcers: from phase 3 MRCT to real-world
K. Lin1, C.  Chen1, Y.  Tarng1, M.  Kuo2, J.  Chen2, Y.  Wu2, C.  Li3, S. 
 Chang4;
1Department of Orthopaedic surgery, Kaohsiung Veterans General 
Hospital, Kaohsiung, Taiwan, 2Oneness Biotech Co., Ltd, Taipei, Tai-
wan, 3Chiron Clinic, Pingtung, Taiwan, 4Division of Plastic Surgery, 
Department of Surgery, Integrated Burn and Wound Care Center, Taipei 
Medical University-Shuang Ho Hospital, Taipei, Taiwan.

Background and aims: Macrophage regulation plays an essential role 
in Diabetic foot ulcer (DFU) healing. By recognizing the therapeutic 
potential in M1/M2-macrophage-regulation for DFUs, we aim to inves-
tigate the efficacy and safety of ON101, a topical new drug with a M1/

M2-macrophage-regulating mechanism in phase 3 MRCT across the 
US, China, and Taiwan.
Materials and methods: There are 236 eligible subjects with Wagner 
Grade 1 or 2 DFU(s), randomized 1:1 to receive ON101 or comparator 
for up to 16 weeks, followed by a 12-week follow-up.
Results: The incidence of complete healing was 60.7% by ON101 and 
35.1% by the comparator (P=0.0001). The time to complete ulcer heal-
ing was faster in the ON101 group (P=0.001). Since the high levels of 
HbA1C, ulcer persistence, ulcer location, and amputation history as 
the risk factors leading to poor DFU outcomes, ON101 also showed 
demonstrated robust efficacy and safety in hard-to-heal ulcers.
Conclusion: ON101, approved by Taiwan FDA in 2021 and by Singapore 
in 2023, was shown with excellent therapeutic efficacy and safety in the 
treatment of DFUs. In a real-world scenario, ON101 further supports its 
excellent ability to promote wound healing in DFU patients with various 
severities, including Wagner grade 3 and 4, in the combination with other 
therapies. Furthermore, based on this novel mechanism, it reveals that 
ON101 promotes traumatic wounds healing and scar maturation/remodel-
ling. This enlightens the future treatment in Wagner grade 1 to 4 DFUs 
by macrophage immunomodulation new drug as a promising solution.

Clinical Trial Registration Number: NCT01898923
Supported by: Oneness Biotech Co., Ltd.
Disclosure: K. Lin: Lecture/other fees; submission fees, Instructor fees.

27
Demographics and baseline characteristics of patients with Char-
cot foot: a multi-centre cohort analysis
N. Tentolouris1, C.  Siafarikas1, M. Dubský2, J.  LaFontaine3, K. 
Marie-France4, T.  Tankova5, J.  Pappachan6, A.  Rastogi7, E.  Jude8;
1First Department of Propaedeutic Internal Medicine, Medical School, 
National and Kapodistrian University of Athens, Laiko General Hospi-
tal, Athens, Greece, 2Institute for Clinical and Experimental Medicine, 
Prague, Czech Republic, 3Department of Podiatry, UTRGV School of 
Podiatric Medicine, Texas, TX, USA, 4Diabetes and Endocrinology, 
Leicester General Hospital, Leicester, UK, 5Department of Endocri-
nology, Medical University of Sofia, Sofia, Bulgaria, 6Diabetes and 
Endocrinology, Lancashire Teaching Hospitals NHS Foundation Trust, 
Preston Road, Chorley, UK, 7Diabetes and Endocrinology, Post Gradu-
ate Institute of Medical Education and Research, Chandigarh, India, 
8Diabetes and Endocrinology, Tameside and Glossop Integrated Care 
NHS Foundation Trust, Ashton under Lyne, UK.

Background and aims: Charcot foot (CF) is a rare but severe com-
plication of diabetes mellitus (DM), that progressively leads to bone 
deformities of the lower extremities. The aim of this study was to 
record the baseline characteristics of patients with CF.
Materials and methods: A multicenter retrospective cohort study, 
including all patients diagnosed with CF from eight Diabetic Foot Clin-
ics in 6 countries between 01/01/1996 and 31/12/2022, was performed. 
Data regarding duration and complications of DM, anthropometric, clini-
cal and laboratory parameters were obtained from the medical records.
Results: A total of 774 patients were included. The mean age of patients 
was 56.5 ±10.7 years and the mean age at CF diagnosis was 54.5 ± 11.7 
years, while 70.5% were men. Type 2 DM was more prevalent (83.2%), the 
mean duration of DM at diagnosis was 17.3 years and the median glycated 
hemoglobin was 8% (Interquartile range-IQ 6.8-9.3%) at diagnosis of CF. 
Regarding anthropometric features, mean height, weight and body mass 
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index (BMI) were 169.40 (±16.5) cm, 84.4 (±21.0) kg, 28.97 (±7.8) kg/
m2, respectively. Most of the patients had hypertension (74.5%), a quarter 
of them were active or ex-smokers (25.2%) or alcohol users (23.3) and the 
minority of them had previous medical history of peripheral artery disease 
(19.7%), coronary artery disease (17.5%) or stroke (5.4%). Neuropathy 
was the most prevalent (89%) amongst the microvascular complications 
followed by retinopathy (60%) and nephropathy (45%). A foot ulcer was 
present in about half of the patients (48.5%) while CF was equally distrib-
uted between feet (right foot 49%-left foot 44%-bilateral 6.5%) and the 
majority of them were in midfoot (65%), forefoot 18%, hindfoot 13.9% 
and multiple joint involvement (2.6%).Patients with type 1 in comparison 
with those with type 2 DM were diagnosed with CF at younger age (46.9 
± 11.0 vs 57.9 ± 10.2 years, p<0.001), had lower BMI (26.6 ± 6.0 vs 
29.5 ± 8.0 kg/m2, p=0.001) and longer diabetes duration [median (IQ): 
29.0 (21.0-38.0) vs 14.0 (8.0-20.0) years, p<0.001]. No differences were 
found between type 1 and type 2 DM in HbA1c. No significant gender 
differences were found in terms of age at CF diagnosis, BMI or HbA1c; 
however, the duration of DM at CF diagnosis was lower in men vs women 
15.0 (1.0-22.0) vs 17.0 (10.0-25.0) years, p=0.037].
Conclusion: This is the largest cohort of patients with CF globally. 
CF is predominant in males, occurs in people with long-standing 
DM, is often accompanied by microvascular complications, half of 
the patients have foot ulcers at CF diagnosis, affects equally both feet, 
and the more frequent location is in the midfoot. Further studies are 
needed to look at outcomes and mortality.
Disclosure: N. Tentolouris: None.

28
Anti-RANKL antibody for active charcot neuroarthropathy of 
foot in chronic kidney disease: randomised, placebo controlled 
study
A. Rastogi, R. Dangwal, S.K. Bhadada;
Endocrinology, Post Graduate Institute of medical Education and 
Research, Chandigarh, India.

Background and aims: Charcot neuroarthropathy (CN) is character-
ised with increased osteoclastic activity that can be curbed with anti-
resorptive agents. Chronic kidney disease (CKD) precludes the use 
of bisphosphonates for acute CN, but anti-RANKL antibody, Dano-
sumab can be contemplated in CKD. We investigated Danosumab 
for CN remission in active diabetic CN of foot in people with CKD.
Materials and methods: Patients of diabetes and CKD presenting with 
unilateral, active CN of foot were randomized (1:2) to receive 60 mg 
Danosumab (sub-cutaneous) once at diagnosis (group A) or equal vol-
ume of normal saline (sub-cutaneous) (group B) in addition to standard 
if care as total contact cast (TCC). Participants and outcome asses-
sor were blinded to treatment arms. Active CN was considered in the 
presence of swelling, erythema and temperature difference of >20C 
[infrared dermal thermometry (FLIR Systems Inc, Orlando, USA) with 
a pixel resolution of 4800 (80*60), thermal sensitivity of <0.15°C and 
range of detection -20°C to 250°C] between two foot corroborated by 
MRI, if required. CKD was considered if eGFR<60 ml/min/1.73m2 
(CKD-EPI) and/or urine protein>300mg/24 hour. Details pertaining to 
demographic characteristics, foot presentation and diabetic complica-
tions were recorded. Anatomical region of interest of CN was classified 
according to Sanders and Frykberg (SF) classification. Patients were 
followed 2 weekly for 8 weeks, subsequently 4 weekly until remission 
and 2 monthly for further 6 months for recurrence of CN. Remission 
was defined as absence of temperature difference (<20C) between two 
feet obtained 2 weeks apart with clinical resolution of signs of inflam-
mation. Primary outcome measure was proportion of patients achieving 
remission and time to remission during follow up.
Results: During the study period, 246 persons with CN were identi-
fied, 102 of whom met the criteria for the first screening, and 78 were 

finally enrolled (n=26, group A, n=52 group B) and followed for a 
median of 48 weeks. Median age was 56.5 (48.8-65) and 57 (48.5-61.2) 
years, p=0.57; duration of diabetes [16(10-25.3) and 14.9 (10-19 years), 
p=0.151; HbA1c 8.1% (6.8-9.3%) and 8.5% (7.4-9.9%), p=0.294; eGFR 
44.8 ml/min/1.73m2 (21.1-65.6) and 45.7 ml/min/1.73m2 (32.9-55.7) 
(p=0.771); 24 hour urine protein 557.9 mg (264.2-1112.1) and 343.6 
(105.1-902.3) in group A and B respectively. Median temperature dif-
ference at presentation between affected and opposite foot was 3.40C 
(2.7-6.9) and 3.20C (2.2-4.0), respectively. A total of 56% had SF 2 and 3, 
32% had SF 4, 8% had SF 1 and 4% had SF 5 localization of CN. All 26 
(100%) patients achieved remission in group A compared to 42 (80.8%) 
patients in group B (p=0.026), with median time to remission of 15 (11-
25) and 17.5 (14-31.5) weeks (p=0.229), respectively. A higher baseline 
haemoglobin (10.2 gm/dl versus 8.4 gm/dl) and 25 (OH)D3 (16 ng/mL 
versus 7.8 ng/ml) were associated with remission of active CN. Overall 
23.1% and 32.7% patients died during follow up (p=0.380), in group A 
and B respectively considering background CKD.
Conclusion: Anti-RANKL antibody Danosumab added to standard 
of care (total contact cast) induces remission in greater proportion of 
patients of acute CN of foot and chronic kidney disease.
Disclosure: A. Rastogi: None.

29
LX9211 in individuals with painful diabetic peripheral neuropa-
thy: results from a randomised, double-blind, placebo-controlled, 
parallel-group, multicentre study
R. Pop-Busui1, A.  Patel2, C.  Sang3, C.  Granowitz4, P.  Banks4, P. 
 Pierce4, F.  Sun4, S.  Gopinathan4;
1Endocrinology & Diabetes, University of Michigan, Ann Arbor, MI, 
USA, 2Conquest Research, Winter Park, FL, USA, 3Harvard Medical 
School, University of Michigan, Boston, MA, USA, 4Lexicon Phar-
maceuticals, Inc., The Woodlands, TX, USA.

Background and aims: Painful diabetic peripheral neuropathy (DPN) 
is a debilitating condition affecting millions of people. The currently 
available therapies often provide inadequate pain relief in most individu-
als with painful DPN.LX9211 is a potent, novel, orally administered 
inhibitor of adaptor-associated protein kinase 1 (AAK1), a non-opioid 
target for neuropathic pain. The aim of this study was to demonstrate the 
efficacy and safety of LX9211 in people with painful DPN.
Materials and methods: RELIEF-DPN 1 was a randomized, double-
blind, placebo-controlled, parallel-group, multicenter clinical trial 
in which participants with painful DPN were randomized to receive 
placebo, LX9211 10 mg (with a 100 mg loading dose on Day 1), or 
LX9211 20 mg (with a 200 mg loading dose on Day 1), once daily for 
6 weeks. The double-blind period was followed by a 5-week blinded 
safety follow-up period during which subjects received placebo once 
daily. The primary endpoint was the difference in change in average 
daily pain score (ADPS) between LX9211 and placebo at 6 weeks, as 
evaluated by mixed model repeated measures analysis.
Results: Among 319 adults randomized, baseline mean (SD) age 
was 62 (10) years, 41% were women, 76% White, 18% Black, mean 
HbA1C 7.7 (1.28) %, 61(14) mmol/mol, BMI 32.07 (4.45) kg/m2, 
and average daily pain score (ADPS) after placebo run-in period 
6.55 (1.089). At Week 6, LX9211 was associated with achieving the 
primary endpoint (change from placebo in the ADPS) in the low 
dose arm (Low Dose: -1.39, p=0.007), and with significant improve-
ment in: Neuropathic Pain Symptom Inventory (NPSI) total score 
(Low Dose: -5.18, p=0.064; High Dose: -7.22, p=0.008), burning 
pain (Low Dose: -1.40; p<0.001; High Dose: -0.89, p=0.017), pain 
interference on sleep (Low Dose: -0.96, p=0.005; High Dose: -1.04, 
p=0.002) and Patient Global Impression of Change score (Low Dose: 
-0.35, p=0.031; High Dose: -0.15, p=0.351) compared to placebo. 
LX9211 was safe (no treatment-related SAEs or deaths) and did not 
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affect key cardiometabolic parameters (body weight, blood pressure, 
glucose control, cholesterol levels).
Conclusion: RELIEF-DPN 1 demonstrated significant improve-
ments in validated neuropathic pain instruments and in other patient 
reported outcomes suggesting that LX9211 is a promising, opioid 
independent new avenue to treat people with painful DPN. Confir-
mation of these positive results are planned in future Phase 3 trials
Clinical Trial Registration Number: NCT04455633
Supported by: Lexicon Pharmaceuticals, Inc
Disclosure: R. Pop-Busui: Grants; Lexicon Pharmaceuticals.

30
The impact of obstructive sleep apnoea treatment on peripheral 
neuropathy in patients with type 2 diabetes: results from a 2-year 
feasibility rct
A.A. Tahrani1,2, E.  Makhdom1, A.  Maher3, R.  Ottridge3, M. 
 Nicholls1, R.  Mahto4, M.  Patel5, J.  Young6, A.U.  Nayak7, M.Z.  Chen8, 
J. Kyaw-Tun9, S.  Gonzalez10, R.  Gouni11, A.  Subramanian12, S.  Patel3;
1Institute of Metabolism and System Research, University of Bir-
mingham, Birmingham, UK, 2Centre for endocrinology, diabetes and 
metabolism, Birmingham health partners, Birmingham, UK, 3Bir-
mingham Clinical Trials Unit, University of Birmingham, Birming-
ham, UK, 4South Warwickshire NHS Foundation Trust, Warwick-
shire, UK, 5University Hospital Southampton NHS FT, Southampton, 
UK, 6Royal Wolverhampton hospitals NHS Trust, Wolverhampton, 
UK, 7University Hospitals of North Midlands NHS Trust, Stoke on 
Trent, UK, 8St George’s University Hospitals NHS FT, London, UK, 
9Calderdale and Huddersfield NHS FT, Huddersfield, UK, 10Bradford 
Teaching Hospitals NHS FT, Bradford, UK, 11Nottingham University 
Hospitals NHS Trust,, Nottingham, UK, 12Institute of Applied Health 
Research, University of Birmingham, University of Birmingham, Bir-
mingham, UK.

Background and aims: Obstructive Sleep Apnoea (OSA) is associ-
ated with an increased risk of Peripheral Neuropathy in patients with 
T2D (DPN). Hence, continuous positive airway pressure (CPAP) 
might be beneficial in reducing the burden of DPN in T2D.
Materials and methods: We conducted an open-label multicentre 
(13 centres) feasibility randomised control trial (RCT) of patients 
with T2D and OSA, where they were randomised to CPAP vs no 
CPAP over 2 years. The primary outcomes of this trial were related 
to feasibility. In this abstract, we report a secondary outcome of the 
trial, the impact of CPAP on DPN. Participants with resting Oxygen 
saturation <90%, central apnoea index >15/hrs or Epworth Sleepi-
ness Score (ESS) >= 11 were excluded. DPN was assessed using 
the Michigan Neuropathy Screening Instrument (MNSI) (MNSIe2 
or MNSIq), Neuropad, Vibration perception threshold (VPT>25V), 
and 10g monofilament. The follow-up procedures were amended 
due to the COVID-19 pandemic.
Results: Eighty-three patients were randomised to CPAP vs no CPAP 
(43 vs 40) with a median [IQR] follow-up of 645 [545,861] days. The 
study population mean (SD) age was 62.5 (10.9) years, BMI was 35.4 
(7.2), and diabetes duration was 12.2(7.9) years. 89.1 % (n=74) were 
white European ethnicity, 28.9% (n=24) were women, and 48.2% 
(n=40) were prescribed insulin. The prevalence of DPN at baseline 
was 52.6% (n=41) based on MNSI. Only 26/43 patients used CPAP, 
with a median (IQR) usage of 3:40 (hours: minutes) [0:06, 4:45] per 
night. The intention-to-treat analysis is summarised in Table 1. At the 
study end, being randomised to CPAP was associated with a possible 
favourable impact on DPN compared to no CPAP based on MNSI, 
the Neuropad, VPT and 10g monofilament.
Conclusion: CPAP might have a favourable impact on DPN in patients 
with T2D. However, this requires a to be tested in the fully dedicated 
RCT.

Clinical Trial Registration Number: the ISRCTN registry (https://www.isrctn.
com/ISRCTN12361838, Registered 04 April 2018, Protocol version: v5.0 
02.12.19)
Supported by: Clinician Scientist Fellowship awarded to the 
Chief Investigator by the National Institute for Health Research 
(CS-2013-13-029)
Disclosure: A.A. Tahrani: Grants; Novo Nordisk and Sanofi.

https://www.isrctn.com/ISRCTN12361838
https://www.isrctn.com/ISRCTN12361838
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OP 06 Adipocytes and adipose tissue 
plasticity

31
Functional genomics approach for discovery of novel regulators 
of human adipose tissue plasticity
M. Verma1, N.  Tolstrup1, S.  Hatch2, G.  Ettridge1, J.  Ast1, L.  Veizaj1, 
C.  Sun1,3, M.Z.  Mendoza1, D.  Ebner2, A.  Epanchintsev1, A.  Agrawal1, 
V.  Jurtz4, E.M.  Toledo1, B.  Gilboa1, C. Ämmälä1;
1Novo Nordisk Research Centre Oxford, Oxford, UK, 2Target Dis-
covery Institute, University of Oxford, Oxford, UK, 3Wellcome Trust 
Centre for Human Genetics, University of Oxford, Oxford, UK, 
4Novo Nordisk A/S, Malov, Denmark.

Background and aims: Human adipose tissue response (i.e., hypertro-
phy vs. hyperplasia) to chronic over-nutrition is a critical determinant 
of an individual’s systemic insulin resistance. Adipose progenitor (AP) 
cell fate programmes are key to this metabolic plasticity and influence 
human health. We aim to describe genes associated with human AP 
identity and investigate their role in regulating AP fate and function.
Materials and methods: Human adipose scRNAseq analyses identi-
fied genes associated with AP identity. A functional genomics screen 
was established to investigate the role of these genes in regulating 
AP fate and function. Screening utilised CRISPR mediated loss-of-
function (LoF) in human immortalised dedifferentiated (DFAT) APs, 
high content imaging, proximity ligation based adipokine assays, 
transcriptomics and machine learning (ML). We performed a proof-
of-concept (PoC) screen involving LoF of genes known for regulating 
AP fate and function and non-targeting controls (NTCs).
Results: scRNAseq identified 608 genes associated with human APs. 
Disease annotation revealed type 2 diabetes (T2D) as top hit (150 genes; 
FDR = 4.5e-11) in these genes. Knowledge graph-based novelty pro-
filing suggested 2 clusters of well-known (144) and under-explored 
(464) genes that associates with metabolic diseases. CRISPR valida-
tion achieved 97% reduction in HPRT mRNAs and 67% reduction 
in 6-thioguanine toxicity in DFAT APs (p<0.001); 81% reduction in 
PPARG  mRNAs and 91% reduction in lipid accumulation in in vitro 
differentiated DFAT APs (p<0.001). PoC screen at scale was enabled by 
an automation workflow. Cellular phenotyping utilised a) a novel deep 
learning model that generated neutral lipid-stained “like” images from 
brightfield images for longitudinal observation of lipid accumulation 
and >300 feature estimation; and b) adiponectin, leptin and MCP-1 
secretion levels. Unsupervised ML analyses on cellular phenotyping 
data, revealed >3 clusters vs. NTCs. Supervised ML models used cluster 
annotations for pairwise (cluster vs. NTCs) feature reduction and clas-
sification. Several genes e.g., PTEN, PPARG , IRS-1, CEBPA, PAPOLA, 
POLA1, RB1 (p = 4e-8 -  1e-53) known to regulate multiple aspects of 
APs biology were distinguished from NTCs in PoC screen.
Conclusion: Genes associated with human AP identity may modulate 
T2D risk. This functional genomic workflow may identify novel regula-
tors of human AP fate and function, with direct impact for patient health.
Disclosure: M. Verma: Employment/Consultancy; MV, NT, GE, JA, 
LV, MLZM, AE, AA, EMT, BG, CA are employed by Novo Nordisk, 
Ltd., UK. VJ is employed by Novo Nordisk A/S Denmark. DE has 
received research funding from Novo Nordisk.
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Estrogen receptor in adipocyte precursor cells: implications for 
diabetes after breast cancer therapy
E.A. Wellberg1, R.L.  Scalzo2, N.S.  Thomas1;
1University of Oklahoma Health Sciences Center, Oklahoma City, 
OK, USA, 2University of Colorado Anschutz Medical Campus, 
Aurora, CO, USA.

Background and aims: Women who were treated for breast cancer 
have a 23% greater risk for type 2 diabetes than those who were not, 
and up to 48% of diabetes cases in breast cancer survivors are attrib-
utable to anti-estrogen (endocrine) therapies. Estrogen receptor (ER) 
signaling maintains metabolic homeostasis through central and periph-
eral mechanisms; therefore, any treatment that depletes estrogens or 
blocks ER will impact tissues all over the body. We recently identified 
a role for estrogen signaling in maintaining adipocyte progenitor cells 
in obese female mice, and hypothesize that endocrine therapies disrupt 
progenitor cell renewal during a positive energy balance, increasing 
diabetes risk. A balance of mature adipocyte hypertrophy and stro-
mal progenitor cell hyperplasia is required for healthy adipose tissue 
expansion, to prevent ectopic lipid deposition that can cause type 2 
diabetes. The aim of this study was to define the role of ER in adipo-
cyte precursor cells and healthy adipose tissue expansion.
Materials and methods: We developed a murine model that uses a 
high fat diet, thermoneutrality, and low dose sustained tamoxifen or 
estrogen deprivation to accurately replicate relevant biological vari-
ables. The impact of endocrine therapies on body mass, composi-
tion, and glucose tolerance were evaluated. Anti-diabetic therapies 
were administered as interventions to attenuate the adverse meta-
bolic effects of breast cancer treatments. ER agonists or antagonists 
were evaluated in cultured mouse adipocyte precursor cells using 
flow cytometry, gene expression profiling, and differentiation assays.
Results: In contrast to previous reports, tamoxifen treatment did 
not promote adipose tissue browning or rapid weight loss in mice. 
In high fat-fed females, endocrine therapies associated with weight 
gain, fewer adipocyte progenitors, larger mature adipocytes, hepatic 
steatosis, and glucose intolerance, which is consistent with human 
studies. Single cell RNA sequencing data from subcutaneous adipose 
stroma implicated stromal Wnt1-inducible signaling pathway protein 
2 (Wisp2/Ccn5) in mediating the beneficial effects of estrogen on 
adipose tissue expansion. In isolated subcutaneous adipocyte precur-
sor cells, we found that ER is more highly expressed in progenitors 
compared to the more committed preadipocytes. Estradiol treatment 
induced Wisp2 expression in an ER-dependent manner. Treatment of 
cultured cells with estradiol or Wisp2 increased progenitor cell pro-
portions. Conversely, the selective ER modulator tamoxifen depleted 
progenitors and increased the fraction of preadipocytes.
Conclusion: This study highlights a potential mechanism through 
which ER signaling benefits whole body metabolism in a clinically 
relevant model of breast cancer endocrine therapy and the associated 
side effects. The regulation of hyperplastic adipose tissue expansion 
by estrogen signaling may underlie the elevated risk for type 2 diabe-
tes in breast cancer survivors.
Supported by: HESI THRIVE; NIH NCI
Disclosure: E.A. Wellberg: None.
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Ehd2 regulates plasma membrane integrity and downstream 
insulin signalling events
K.G. Stenkula1, C.  Fryklund1, A. Borreguero-Muñoz1, H.  Taylor2, 
F.  Kopietz1, H.  Ardalani3, O.  Rogova3, P.  Spegel3, N.  Bryant4, G. 
 Gould2, M.  Neuhaus1;
1Experimental Medical Science, Lund University, Lund, Sweden, 
2University of Strathclyde, Glasgow, UK, 3Department of Chemis-
try, Lund University, Lund, Sweden, 4Department of Biology and 
York Biomedical Research Institute, University of York, York, UK.

Background and aims: Adipocyte dysfunction is a crucial driver 
of insulin resistance and type 2 diabetes. We have identified EH 
domain-containing protein 2 (Ehd2) as one of the most highly upreg-
ulated genes at the early stage of adipose tissue expansion. Ehd2 
is a dynamin-related ATPase influencing several cellular processes, 
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including membrane recycling, caveolae dynamics and lipid metabo-
lism. The aim with the current study was to investigate the role of 
Ehd2 in adipocyte insulin signaling and glucose transport.
Materials and methods: Male C57BL6/N Ehd2 knockout and 
wildtype mice were fed 2 weeks of high-fat diet to reflect changes at 
the early stage of adipose tissue expansion. Primary adipocytes isolated 
at termination were analyzed to assess i) gene and protein expression 
of caveolin-1, insulin receptor and downstream targets by qPCR and 
western blot, respectively; ii) insulin-stimulated glucose uptake using 
glucose-tracer assay; and iii) lipid composition and cholesterol con-
tent by lipidomic analysis. In addition, we employed siRNA-induced 
Ehd2 knockdown in cultured 3T3-L1 adipocytes to examine insulin-
stimulated complex formation of Soluble N-ethylmaleimide-sensitive 
factor-attachment protein receptors (SNARE’s), which are essential for 
GLUT4 vesicle fusion, using proximal ligation assay.
Results: We demonstrate that under short-term high-fat diet-chal-
lenged conditions, Ehd2 deficiency caused a more severe deteriora-
tion of insulin signal transduction and impaired insulin-stimulated 
GLUT4 translocation. Furthermore, lack of Ehd2 was associated 
with altered plasma membrane lipid and protein composition, 
reduced insulin receptor expression, and diminished insulin-depend-
ent SNARE protein complex formation.
Conclusion: These data highlight the importance of Ehd2 for main-
tenance of plasma membrane integrity, insulin receptor stability, and 
downstream insulin receptor signaling events, which all are essential 
for mediating insulin-stimulated glucose transport.
Supported by: NN, SRC, SDF
Disclosure: K.G. Stenkula: None.
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Gpr146 deficiency preserves a lean, metabolically healthy pheno-
type in mice during diet-induced obesity
S. Brachs1,2, A.  Harutyunyan1,2, J. Sbierski-Kind1, R.  Sun1,2, A. 
 Liu1,2, M.  Brachs1, L.  Spranger1, S.  Kunz3, S.  Ki4, L.  Ehrlich4, K. Hu 
 He5, M.  Bielohuby5, P.  Wohlfart5, K.  Mai1,2, J.  Spranger1,2;
1Department of Endocrinology and Metabolism, Charité-Univer-
sitätsmedizin Berlin, Corporate Member of Freie Universität Berlin, 
Humboldt-Universität zu Berlin, Berlin, Germany, 2DZHK (German 
Centre for Cardiovascular Research), partner site Berlin, Berlin, Ger-
many, 3CF Electron Microscopy, Max-Delbrück-Center for Molecu-
lar Medicine, Berlin, Germany, 4Institute for Cellular and Molecular 
Biology, Department of Molecular Biosciences, The University of 
Texas at Austin, Austin, TX, USA, 5Research and Development, 
Sanofi-Aventis Deutschland GmbH, Frankfurt am Main, Germany.

Background and aims: The G protein-coupled orphan receptor 146 
(GPR146) is highly expressed in murine and human adipose tissue. 
Previously, we showed that Gpr146-deficient 3T3-L1 cells were not 
able to differentiate into adipocytes. Furthermore, we found GPR146 
expression upregulated over a 3 months weight reduction phase in 
human adipose tissue. Thus, we examined GPR146 expression in 
our MAINTAIN study and further investigated metabolic function of 
Gpr146 in a Gpr146-deficient mouse model  (GPR146-/-).
Materials and methods: Correlations between adipose GPR146 
expression and the recorded clinical parameters were evaluated. 
Furthermore, we investigated male  GPR146-/- mice challenged by 
diet-induced obesity (DIO), feeding a high-fat or western diet com-
pared to a standard control diet for 3 months. Here, we examined 
glucose and insulin homeostasis, changes in body composition as 
well as lipid and energy metabolism. Additionally, we evaluated 
lipogenic and lipolytic capacity of adipose tissue in  GPR146-/- mice 
and analyzed the contribution of Gpr146 in adipocyte differentiation.
Results: In our MAINTAIN study, adipose GPR146 expres-
sion negatively correlated with BMI, but positively with ISI 

during hyperinsulinemic-euglycemic clamps, and was associated with 
enhanced insulin-mediated suppression of free fatty acid release after 
weight reduction (r = -0.43; p < 0.001). Moreover, lower adipose 
GPR146 expression predicted a reduced body weight regain after 18 
month follow up (Coefficients: 0.117, 95% CI: 0.011 - 0.222,  R2: 0.078, 
p = 0.031).  GPR146-/- mice gained significantly lower body weight and 
were protected against fat mass increase during DIO. Plasma concentra-
tions of cholesterol, triglycerides and leptin were reduced. Under DIO, 
 GPR146-/- mice showed lower activity but increased energy expendi-
ture with sustained glucose and insulin handling. RNA sequencing and 
immune cell analysis indicated less adipose tissue inflammation. Moreo-
ver, alterations of lipid uptake and release were observed in adipose tis-
sue. Finally, a significant induction of Gpr146 expression was detected 
during ex vivo adipocyte differentiation.
Conclusion: We observed sustained body weight and lower fat mass gain 
with reduced activity and higher energy expenditure in  GPR146-/- mice 
during obesity challenge.  GPR146-/- mice showed a preserved metaboli-
cally healthy, lean phenotype. Our results indicate an important metabolic 
function of Gpr146/GPR146 in murine and human adipose tissue.
Clinical Trial Registration Number: NCT00850629
Supported by: Charité-Sanofi Joint lab, DFG KFO 218/1, DDG 
Menarini Preis SB, BMBF (DZHK; BER5.1) JS
Disclosure: S. Brachs: Grants; BMBF (DZHK; BER5.1), Deutsche 
Diabetes Gesellschaft (Menarini Preis 2022), DFG (KFO 218/1), 
Joint lab between Charité and Sanofi.

35
Arctic diet prevents postprandial hyperglycaemia in Tbc1d4-
deficient mice
A.K. Scheel1, S.  Pirseyedi1, L.  Espelage1, H. Al-Hasani1,2, A. 
 Chadt1,2;
1Institute for Clinical Biochemistry and Pathobiochemistry, German Dia-
betes Center, Leibniz Center for Diabetes Research, Duesseldorf, Ger-
many, 2German Center for Diabetes Research (DZD e.V.), Neuherberg, 
Germany.

Background and aims: The Rab-GTPase activating protein (Rab-
GAP) TBC1D4 (AS160) is a key regulator of energy flux in oxida-
tive skeletal muscle and adipose tissue. In previous studies, Tbc1d4-
deficient (D4KO) mice showed decreased insulin-stimulated glucose 
uptake into skeletal muscle and white adipocytes and impaired con-
traction-mediated glucose uptake into skeletal muscle. In humans, a 
number of genetic variants in the TBC1D4 gene are associated with 
insulin resistance. In arctic populations, a common skeletal muscle-
specific TBC1D4 p.Arg684Ter loss-of-function variant defines a spe-
cific subtype of type 2 diabetes (T2D). This variant is associated with 
postprandial hyperglycemia and a substantially elevated T2D risk and 
is hypothesized to represent an evolutionary adaptation to a traditional 
lifestyle of indigenous populations that is characterized by a diet low 
in carbohydrates and a high degree of daily physical activity.
Materials and methods: We generated whole-body D4KO mice as a 
model for genetically induced insulin resistance. The mice were sub-
jected to high-fat diets differing in carbohydrate and protein content 
to mimic a traditional Arctic (low-carbohydrate high-protein) or a 
Western (high-carbohydrate low protein) diet, respectively. Longi-
tudinal analyses of skeletal muscle, adipocyte function and glycemic 
control in response to dietary interventions were performed.
Results: Our findings indicate that Western diet feeding induces 
postprandial hyperglycemia in whole-body D4KO mice (WT vs. 
D4KO: 203 ± 8 mg/dl vs. 324 ± 28 mg/dl, p<0.01) and impaired 
insulin-stimulated glucose uptake into oxidative Soleus muscle (WT 
vs. D4KO: 3.11 ± 0.44 vs. 1.9 ± 0.23 nmol/mg/20min, p<0.017) 
and primary white adipocytes (WT vs. D4KO: 174.19 ± 26.56 vs. 
52.5 ± 9.78 cpm/ mg lipid, p<0.0001). Interestingly, mice subjected 
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to the Artic diet presented postprandial normoglycemia (WT vs. 
D4KO: 148 ± 5 mg/dl vs. 130 ± 5 mg/dl, p<0.315) and improved 
insulin-stimulated glucose uptake into skeletal muscle (Soleus WT 
vs. D4KO: 2.68 ± 0.33 vs. 3.03 ± 0.21 nmol/mg/20min, p<0.999).
Conclusion: Western diet feeding induces postprandial hyperglyce-
mia in whole-body D4KO mice as observed in homozygous TBC1D4 
p.Arg684Ter variant carriers. In contrast, a diet rich in protein and 
lipids but low in carbohydrates protects from insulin resistance as 
induced by the Tbc1d4-deficiency. Therefore, we hypothesize that an 
Arctic diet may prevent the onset of T2D in homozygous TBC1D4 
p.Arg684Ter gene variant carriers and thus serves as a potential 
treatment in precision medicine.
Supported by: RTG 2576 "vivid - In vivo investigations towards the 
early development of type 2 diabetes"
Disclosure: A.K. Scheel: None.
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Establishment of pancreatic beta cell-specific gene knockout 
system based on CRISPR-Cas9 technology with AAV8-mediated 
gRNA delivery
K. Ueki1, Y.  Nishida1, H.  Uzawa1, A.  Kanai1, T.  Miyatsuka2, H. 
 Watada1;
1Department of Metabolism and Endocrinology, Juntendo Univer-
sity Graduate School of Medicine, 2-1-1, Hongo, Bunkyo-ku, Tokyo, 
Japan, 2Department of Endocrinology, Diabetes and Metabolism, 
Kitasato University School of Medicine, 1-15-1 Kitasato, Minami-
ku, Sagamihara, Kanagawa, Japan.

Background and aims: The cre-loxP system has provided useful 
resources to analyze the importance of tissue-specific gene knockout, 
including pancreatic beta cells associated with the pathogenesis of 
diabetes mellitus. However, it is expensive and time-consuming to 
generate transgenic mice harboring floxed genes of interest and cross 
them with pancreatic beta cell-specific Cre-expression mice. There-
fore, we focused on the CRSIPR-Cas9 technology and aimed to gener-
ate pancreatic β-cell-specific gene knockout mice more conveniently 
by introducing adeno-associated virus (AAV8) into pancreatic β-cells.
Materials and methods: We crossbred CAG-LSL(loxP-Stop-loxP)-
Cas9-P2A-EGFP mice and Ins1-Cre mice, in which the stop cassette 
flanked by loxP sequences is removed by Cre recombinase to gen-
erate pancreatic β-cell-specific Cas9-expressing (βCas9) mice. We 
attempted to knock out the genes specifically in pancreatic β-cells by 
intraperitoneal administration of AAV8 expressing sgRNAs to the 
targeted genes. The islets of the obtained gene knockout mice were 
analyzed with flow cytometry and fluorescence microscopy. As a 
proof of concept, we knocked out Pdx-1, a culprit gene for maturity-
onset diabetes of the young 4 (MODY4), and examined the glucose 
tolerance and histopathology in the islets of the mice.
Results: The co-localization of insulin and EGFP expression was 
observed in βCas9 mice, indicating that Cas9 was expressed specifi-
cally in β-cells. Intraperitoneal glucose tolerance test (ipGTT) showed 
that glucose tolerance was comparable between βCas9 and control 
mice (1.00 vs. 0.91±0.05, fold change, n=4, p-value=0.08, AUC in 
ipGTT). Next, when AAV8 expressing sgRNA against EGFP was 
administered intraperitoneally to βCas9 mice, the expression of EGFP 
was decreased by approximately 80 percent compared to the controls 
(98.3% vs. 21.8±2.06%, fold change, n=3, p-value<0.0001, posi-
tive for EGFP expression estimated by flow cytometer) 4 weeks after 
administration, demonstrating that sgRNA expression with AAV8 
effectively knocked out the targeted gene in βCas9 mice. Finally, 
we knocked out Pdx-1 by injecting AAV8 expressing sgPdx-1 and 
showed impaired glucose tolerance compared to the controls at 4 
weeks after the administration (1.00 vs. 1.52±0.07, fold change, n=4, 
p-value<0.001, AUC in ipGTT). Histopathologically examining islets 
from the Pdx1 KO mice showed that β cells lacking Pdx1 expression 
showed lower insulin with glucagon expression, suggesting the trans-
differentiation of the β cells by successful deletion of Pdx-1.
Conclusion: We successfully established the system in which pan-
creatic β cell-specific gene knockout is performed by AAV8-mediated 
sgRNA delivery. The method we show here can generate β-cell-
specific gene KO mice more rapidly and conveniently than the con-
ventional Cre-LoxP system or trans-pancreatic duct injection of AAV. 
It should be also noted that our Pdx-1 KO mice might show impaired 
glucose tolerance due to transdifferentiation of the beta cells with 
glucagon expression, requiring further validation of our gene KO 
system by other sgRNAs with no upregulation of glucagon.
Disclosure: K. Ueki: None.
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Depletion of 14-3-3ζ in pancreatic beta cells by antisense oligo-
nucleotides promotes beta cell proliferation and increases beta 
cell mass
G.E. Lim1, F. Paré1, S.  Djerroud1, T.P.  Prakash2, E.  Pirie2, N. 
 Wijesekara2;
1Cardiometabolic axis, CRCHUM, Montreal, QC, Canada, 2Ionis 
Pharmaceuticals, Carlsbad, CA, USA.

Background and aims: We previously demonstrated that constitu-
tive deletion of 14-3-3ζ in murine β-cells enhanced insulin secretion 
due to increased mitochondrial function. Moreover, 14-3-3ζ deletion 
also promoted β-cell proliferation. With the knowledge that diabetes 
is associated with a profound loss of functional β-cell mass, defined 
by insulin secretory capacity and the number of β-cells, these findings 
suggest that targeted depletion of 14-3-3ζ in mature β-cells could 
have beneficial effects on metabolic control by increasing functional 
β-cell mass. It is known that targeting β-cells in vivo is difficult due to 
the localization of islets and the heterogenous endocrine cell popula-
tions that comprise the islets of Langerhans. We previously reported 
the ability of targeting β-cells in vitro and in vivo with antisense 
oligonucleotides (ASOs) that are conjugated to GLP-1. As this novel, 
β-cell-centric approach was effective in ensuring the depletion of 
target proteins, we sought to examine if it could be used to reduce 
14-3-3ζ expression in primary murine β-cells, thereby altering β-cell 
mass, proliferation, or function.
Materials and methods: ASOs against Ywhaz  (ASOYwhaz) were con-
jugated to human GLP-1 (GLP-1-ASOYwhaz), and C57BL/6J mice were 
injected once weekly with a control ASO (GLP-1-ASOCon) or GLP-
1-ASOYwhaz for 4 weeks (1mg/kg s.c.), followed by i.p. glucose toler-
ance tests or measurements of insulin secretion (2mg/kg glucose). At 
endpoint, islets and tissues were harvested to assess specificity of islet 
14-3-3ζ depletion by quantitative PCR, and β-cell mass and proliferation 
were also measured by immunohistochemistry. Isolated C57BL/6J islets 
were also exposed to GLP-1-ASOCon or GLP-1-ASOYwhaz (100 nM) 
for 48- and 72-hours to assess knockdown efficiency, gene expression, 
and glucose stimulated insulin secretion (4 mM vs. 16 mM glucose; 
GSIS) in vitro.
Results: Treatment of isolated islets with GLP-1-ASOYwhaz signifi-
cantly reduced mRNA levels of Ywhaz by 73% (p<0.05), in addition 
to parallel increases in Ins2 and Sst mRNA levels (164% and 111%, 
respectively; p<0.05). In vitro treatment of mouse islets with GLP-
1-ASOYwhaz also potentiated GSIS by up to 1.7-fold (p<0.05). In vivo 
administration of GLP-1-ASOYwhaz reduced islet-specific levels of 
Ywhaz mRNA by 75% (p<0.05) with no discernable effects on mRNA 
levels of Ins1, Ins2, Sst, and Gcg. Analysis of Ywhaz mRNA levels 
in extra-pancreatic tissues, including heart, adipose, skeletal muscle, 
and liver, revealed no off-target effects of GLP-1-ASOYwhaz. Although 
no differences in in vivo insulin secretion were observed, a transient 
and modest impairment in glucose tolerance was observed in GLP-
1-ASOYwhaz-treated mice, which persisted for up to 4 weeks after the 
last injection. Depletion of Ywhaz with GLP-1-ASOYwhaz significantly 
increased β-cell mass by 1.4-fold (p<0.05) when compared to GLP-
1-ASOCon-injected mice. This increase in β-cell mass corresponded 
with a 2.3-fold increase (p<0.05) in β-cell proliferation, as measured 
by EdU-positive β-cells.
Conclusion: In vivo depletion of 14-3-3ζ in β-cells with GLP-
1-ASOYwhaz was effective in increasing pancreatic β-cell mass, despite 
a transient impairment in glucose tolerance. Collectively, these findings 
demonstrate the feasibility of in vivo targeting of 14-3-3ζ in β-cells 
with ASOs and potentially represent a novel approach to increase β-cell 
mass in vivo.
Supported by: CIHR, Canada Research Chairs Program
Disclosure: G.E. Lim: None.
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Direct beneficial effects of truncated C1QL1 on mouse and human 
islet function in vitro
M. Billert, P. Atanes, I. Ruz-Maldonado, M. Zhao, S. Persaud;
Department of Diabetes, King’s College London, London, UK.

Background and aims: We have identified that C1QL1, which 
encodes a secreted complement protein, is one of the most abun-
dant GPCR ligand mRNAs expressed by human islets and we have 
shown that a truncated 101 amino acid fragment of C1QL1, termed 
C1QL1Δ4, stimulates insulin secretion from MIN6 beta cells and 
protects them against apoptosis. We have now quantified the effects 
of C1QL1Δ4 in mouse and human islets and investigated the mecha-
nisms through which it exerts its effects.
Materials and methods: All experiments were performed using 
islets isolated from male CD1 mice or human organ donors, with 
ethical permission. Insulin secretion and apoptosis were quantified 
by radioimmunoassay and Caspase-Glo luminescence, respectively. 
Intracellular calcium levels were determined by single cell micro-
fluorimetry following loading of dissociated islet cells with 10 μM 
Fura-2, and  IP1 and cAMP generation was determined using HTRF 
assays.
Results: 20 nM C1QL1Δ4 had no effect on basal insulin release 
but significantly potentiated glucose-stimulated insulin secre-
tion from mouse islets (2 mM glucose: 0.24±0.1 ng/islet/h; 
+20 nM C1QL1Δ4: 0.27±0.03; 20 mM glucose: 1.6±0.2; +20 
nM C1QL1Δ4: 2.7±0.2, n=17-20, P<0.01) and similar observa-
tions were seen in experiments with human islets (2 mM glucose: 
0.8±0.1 ng/islet/h; +20 nM C1QL1Δ4: 1.2±0.1; 20 mM glucose: 
1.6±0.3; +20 nM C1QL1Δ4: 3.0±0.4, n=8-11, P<0.01). In perifu-
sion experiments with mouse and human islets 20 nM C1QL1Δ4 
also reversibly increased glucose-induced insulin secretion 
(P<0.001, n=4). 48h exposure to 20 nM C1QL1Δ4 significantly 
protected islets from apoptosis induced by inflammatory cytokines 
(cytokine-induced apoptosis +20 nM C1QL1Δ4, % maximal: 
mouse islets, 75.0±3.5; human islets, 60.7±9.2, n=4, P<0.01) and 
500 μM of the saturated long chain fatty acid palmitate (palmitate-
induced apoptosis +20 nM C1QL1Δ4, % maximal: mouse islets, 
53.9±3.7; human islets, 42.5±5.5, n=6, P<0.001). The protection 
observed with C1QL1Δ4 against cytokine- and palmitate-induced 
apoptosis was not significantly different from that seen with 20 nM 
of the GLP-1 mimetic exendin-4 (n=6, P>0.2). C1QL1Δ4 revers-
ibly increased intracellular calcium in Fura-2-loaded islet cells, 
which was likely to be via calcium influx since it did not stimulate 
inositol phosphate generation in islets  (IP1 nM: basal, 0.04±0.03; 
+100 nM C1QL1Δ4, 0.04±0.01; +100 μM carbachol, 40.3±4.6, 
n=3-6, P<0.0001 carbachol vs basal). Quantification of islet cAMP 
levels suggests that C1QL1Δ4 activates a Gs-coupled GPCR since 
it elevated cAMP (cAMP nM: basal, 0.2±0.06; +20 nM C1QL1Δ4, 
14.5±3.5; +20 nM exendin-4, 22.6±4.1, n=3, P<0.01 and P<0.001 
C1QL1Δ4 and exendin-4 vs basal, respectively), and it did not 
inhibit forskolin-induced cAMP production.
Conclusion: We have demonstrated that a fragment of C1QL1, con-
sisting of the first 101 amino acids (C1QL1Δ4), potentiates glucose-
induced insulin release from mouse and human islets and protects 
them from cytokine and palmitate-induced apoptosis, with similar 
efficacy to exendin-4. The mechanism through which C1QL1Δ4 
exerts these beneficial effects has not been fully identified, but it may 
be via a Gs-coupled GPCR since it elevates cAMP in islets.
Supported by: Diabetes UK
Disclosure: M. Billert: None.
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Suppression of microRNA-33 improves pancreatic beta cell func-
tion and mass in murine and human islets
R. Ortega1, I. Ruz-Maldonado2, P.  Atanes1, N.  Price2, M.  Zhao1, C. 
Fernandez-Hernando2, S.  Persaud1, B.  Liu1;
1Department of Diabetes, Faculty of Life Sciences & Medicine, 
King’s College London, London, UK, 2Comparative Medicine & 
Pathology, Yale University School of Medicine, New Haven, CT, 
USA.

Background and aims: TargetScan has revealed that microRNA-33 
(miR-33) targets a network of genes that are known to play key roles 
in the regulation of beta-cell mass. We have previously reported that 
expression of miR-33 was significantly down-regulated in islets iso-
lated from mice fed with a high-fat diet where beta-cell proliferation 
was increased by 5.3±0.4-fold prior to the onset of a diabetic pheno-
type. We have also shown that inhibition of miR-33 in isolated mouse 
islets promoted glucose-stimulated insulin secretion and protected 
islets from cytokine-induced apoptosis. The aim of this study was to 
investigate whether miR-33 regulates beta-cell function and mass in 
islets isolated from human donors and miR-33-/- mice.
Materials and methods: Expression of miR-33 in human islets 
isolated from lean (BMI<25 kg/m2) and obese (BMI≥30.0 kg/m2) 
donors was measured using Affymetrix miRNA profiling. To sup-
press the expression of miR-33, isolated human islets were transduced 
with lentiviral miR-33 inhibitors at multiplicity of infection of 5 or 
control vectors under the same experimental conditions. MiR-33-

/- mice were generated following CRISPR/Cas9-mediated excision 
of miR-33 using targeted guide sequences toward intron 16 of the 
sterol-regulatory element-binding protein-2 gene. The effects of miR-
33 inhibition on islet caspase-3/7 activities were quantified using a 
luminescent assay. Insulin content and insulin secretion following 
miR-33 inhibition or deletion were determined by radioimmunoassay 
or insulin ELISA. Immunohistochemistry was used to quantify beta-
cell proliferation in fixed pancreases from miR-33-/- mice.
Results: Expression of miR-33 was down-regulated in islets isolated 
from obese donors (log2 normalised probe intensity; lean vs obese 
donor islets; 1.12±0.45 vs 0.56±0.08; n=3 biological replicates). In 
addition, lentivirus-mediated inhibition of miR-33 in human islets 
resulted in enhanced insulin secretion in response to 20mM glucose, 
without having any effect on basal insulin release (ng/islet/hour; SC: 
human islets transduced with scrambled control lentiviral inhibi-
tor: 2mM glucose: 0.39±0.02; 20mM glucose: 0.64±0.03; LentV-
miR-33: human islets transduced with miR-33 lentiviral inhibitor: 
2mM glucose: 0.47±0.03; 20mM glucose: 1.01±0.05; n=7; P<0.01). 
Downregulation of miR-33 in human islets also increased insulin 
content (ng/islet; SC vs LentV-miR-33; 21.54±0.59 vs 26.43±2.09; 
n=6; P<0.05), and reduced islet apoptosis (luminescence units; 
95129±3847 vs 84354±2427; n=8; P<0.05). Deletion of miR-33 
in mice was associated with significant increases in basal insulin 
secretion (wildtype vs miR-33-/-; 0.03±0.00 vs 0.05±0.01; n=8; 
P<0.05), insulin secretion in response to 20mM glucose (0.17±0.01 
vs 0.23±0.01; n=8; P<0.01), insulin content (79.07±3.27 vs 
120.59±2.79; n=8; P<0.001) and number of Ki67-positive beta-cells 
per islet (0.14±0.02 vs 0.54±0.11; n=35-50 islets; P<0.0001).
Conclusion: Data presented in this study are consistent with miR-
33 playing a pivotal role in regulating beta-cell secretory function, 
beta-cell apoptosis and proliferation. Inhibition of miR-33 expression 
therefore represents a novel strategy for improving beta-cell function 
and maintaining beta-cell mass for the treatment of diabetes.
Supported by: Diabetes UK
Disclosure: R. Ortega: None.
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Human pancreatic islet miRNA-mRNA regulatory networks asso-
ciated with insulin secretion and type 2 diabetes development
A. Karagiannopoulos1, E.  Cowan1, M.  Maziarz2, J.L.S.  Esguerra1,3, 
L.  Eliasson1;
1Islet Cell Exocytosis, Lund University Diabetes Centre, Department 
of Clinical Sciences - Malmö, Lund University, Lund, Sweden, 2Unit 
of Bioinformatics, Lund University Diabetes Centre, Lund University, 
Lund, Sweden, 3Novo Nordisk A/S, Copenhagen, Denmark.

Background and aims: A contributing cause of type 2 diabetes 
(T2D) is dysregulated insulin secretion from the β-cells within the 
pancreatic islets of Langerhans. MicroRNAs (miRNAs) are small 
non-coding RNAs that post-transcriptionally regulate gene expres-
sion essential for insulin secretion. The important role of individual 
miRNAs in type 2 diabetes (T2D) is well-studied, but one miRNA 
can exert its effects on multiple gene targets and single genes can be 
regulated by many miRNAs. Hence, a comprehensive view on how 
the interactions of miRNAs with their target genes can lead to T2D 
pathogenesis is missing. Here we aim to characterize the miRNA 
profile of T2D human pancreatic islets, identify confident miRNA 
targets and investigate the miRNA-mRNA networks implicated in 
the modulation of insulin secretion.
Materials and methods: Large-scale small RNA sequencing was 
performed in human pancreatic islets from non-diabetic (ND) and 
T2D donors and data were analyzed with an in-house pipeline. Dif-
ferential expression analysis was performed with DESeq2 to identify 
miRNAs with altered expression in T2D. RNADisease (v4.0) and 
HMDD (v3.0) databases were utilized for miRNA-disease enrich-
ment analysis. By integrating RNA-seq data from the same donors we 
identified negatively correlated miRNA-mRNA pairs which were sup-
ported by publicly available data on predicted (TargetScan, miRDB) or 
validated (TarBase, miRTatBase) pairs. MiRNA-target co-expression 
clusters were detected with Weighted Correlation Network Analysis 
(WGCNA) and were functionally annotated with Gene Ontology (GO) 
enrichment analysis.
Results: We found 70 differentially-expressed (DE) miRNAs (34 
up-/36 downregulated) in human islets from T2D donors (N=52 ND, 
9 T2D) (adj. p<0.05). Only miR-187-3p was found to be commonly 
DE in previous studies of similar design. MiRNA-disease enrichment 
analysis showed T2D to be strongly enriched only with the upregulated 
T2D miRNAs. Target analysis showed miR-101-3p to be associated 
with the highest number of genes (766) of which 25% were previously 
defined as T2D-related genes. Conversely, CHD9 is targeted by the 
highest number of miRNAs (20). Remarkably, genes with very high 
expression in the human islet seem to be subjected to limited miRNA 
regulation as they are targeted by none or very low number of miR-
NAs. WGCNA followed by GO term enrichment analysis revealed a 
cluster of co-expressed genes that are involved in insulin secretion, 
consisting exclusively of targets of upregulated T2D miRNAs. Lastly, 
when correlations between miRNA expression and  1st and  2nd phase 
insulin secretion were performed, 8 DE miRNAs were found to be 
significantly correlated with both traits (among them miR-101-3p, 
miR-9-5p and miR-141-3p).
Conclusion: Human islets from T2D donors display altered expres-
sion of miRNAs which are involved in miRNA-mRNA networks that 
affect insulin secretion. Significant correlation of the expression of 
DE miRNAs in T2D with both  1st and  2nd phase insulin secretion 
measurements suggests that these miRNAs are involved in the impair-
ment of insulin secretion associated with the development of T2D.
Supported by: Royal Physiographic Society of Lund, Swedish 
Research Council, SRA-Exodiab, Swedish Foundation for Strategic 
Research (LUDC-IRC)
Disclosure: A. Karagiannopoulos: None.
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Can long non-coding RNA derived micropeptides impact the 
pathogenesis of type 1 diabetes?
J. Mentxaka Salgado1,2, K. García  Etxeberria3, L.  Bergara1, L. Men-
doza Gómez2, A. Castellanos  Rubio4,5, I.  Santin1,2;
1Biochemistry and molecular biology, UPV/EHU, Leioa, Spain, 
2Biocruces Bizkaia Health Research Institute, Barakaldo, Spain, 
3Biodonostia Health Research Institute, Donostia, Spain, 4Genetics 
and Human Anthropology, UPV/EHU, Leioa, Spain, 5IKERBASQUE 
Basque Foundation for Science, Bilbao, Spain.

Background and aims: Type 1 diabetes (T1D) is a multifacto-
rial disease whose development is heavily affected by both genetic 
susceptibility and environmental factors, such as enteroviral infec-
tions. Most genetic T1D-associated variants identified by GWAS 
fall within no coding regions of the genome, many of them being 
long non-coding RNA(lncRNA) genes. Although traditionally 
regarded as incapable of producing protein products due to their 
lack of coding potential, more recent evidence has proved that they 
can bind to the ribosome and generate stable and functional pep-
tides from short open reading frames. Our hypothesis is that in pan-
creatic ß cells, upon viral infection induced stress, infrequent bind-
ing of non-coding transcripts to the ribosome might be promoted. 
As a result, translation of micropeptides could be favored under 
inflammatory conditions that could act as novel β cell autoantigens. 
Thus, the aim of this study was to identify lncRNA transcripts from 
which small peptides could potentially be translated in ß cells in 
response to a viral insult.
Materials and methods: Polyinosinic-polycytidylic acid (PIC), a 
synthetic double-stranded synthetic RNA, was transfected into a 
human pancreatic ß cell line (EndoC-ßH1) to mimic a viral infec-
tion. Ribosome complex-bound RNA from PIC-treated and untreated 
cells was isolated by an affinity purification method relying on active 
ribosomes incorporating a methionine homolog molecule onto nas-
cent peptides. Ribosome complex-bound RNA was sequenced by 
high-throughput-sequencing and the coding potential of identified 
long non-coding transcripts of interest was assessed by means of bio-
informatical tools. The coding ability of some promising candidates 
was further tested in vitro by Western blot and immunofluorescence.
Results: RNA sequencing of ribosome complex-bound RNA 
showed that around 27% of detected transcripts were lncRNAs, 
slightly more in the PIC treated condition. When intersecting 
the lncRNA genes in our dataset with publicly available ribo-
some profiling data in EndoC-ßH1, we obtained 140 hits of 
lncRNA genes with reasonable probability to be translated into 
a peptide. Additionally, we identified another lncRNA gene 
in our dataset which bears a T1D-associated single nucleotide 
polymorphism. The bioinformatical analysis revealed a rela-
tively conserved 330 base pair open reading frame with high 
coding potential within the transcript and strong Kozak consen-
sus sequence. Gene expression analysis of this RNA transcript 
showed that it is mainly cytosolic in EndoC-ßH1 cells, in line 
with described micropeptides in literature. Finally, the presence 
of the predicted 109 amino acid peptide was confirmed in vitro 
by immunofluorescence and Western blot.
Conclusion: Our results validate our approach for the quick identifi-
cation of lncRNA gene candidates with potential peptide generating 
ability. Furthermore, we have been able to confirm one such candidate 
in in vitro experiments. It will be future work to elucidate the function 
of this novel peptide in pathogenesis of type 1 diabetes, as well as to 
discover new key players in this new field.
Supported by: Basque Government Department of Health
Disclosure: J. Mentxaka Salgado: None.
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Effects of gastric bypass on regional brain glucose uptake during 
normo- and hypoglycaemia
G. Fanni1, S.  Radhi1, S.  Kvernby2, M.  Sundbom2, S.  Haller2, E. 
 Roman3, J. Wikström2, M.  Lubberink2, J.W.  Eriksson1;
1Department of Medical Sciences, Uppsala University, Uppsala, Swe-
den, 2Department of Surgical Sciences, Uppsala University, Uppsala, 
Sweden, 3Department of Anatomy, Physiology and Biochemistry, 
Swedish University of Agricultural Sciences, Uppsala, Sweden.

Background and aims: Obese and insulin resistant individuals display 
higher brain glucose uptake during experimental hyperinsulinemic normo-
glycemia, and this is associated with higher plasma glucose and endogenous 
glucose production, abnormal beta-cell function, and lower M-value. This is 
reversed by Roux-en-Y gastric bypass (RYGB). Regional changes in brain 
glucose uptake after RYGB have been showed when assessed as response 
to OGTT and standardised meal, but not yet in response to hypoglycemia, 
which is common in post-GBP patients. We aimed at characterizing the 
RYGB-induced changes in regional brain glucose uptake during a normo- 
and hypoglycemic clamp and explore their association with anthropometric 
and metabolic outcomes as well as with changes in neuroendocrine path-
ways, functional connectivity, and cerebral blood flow.
Materials and methods: Post-hoc analyses of regional brain glucose 
uptake were performed on 10 individuals with obesity and no diabetes (age 
25-49, BMI 35.2-45.4 kg/m2) undergoing RYGB. They were investigated 
with combined 18F-FDG-PET and fMRI (functional magnetic resonance 
imaging) of the brain during hyperinsulinemic normo- and hypoglycemic 
clamp, approximately one month before and four months after RYGB. 
Patients were thoroughly characterized with anthropometrics, hormonal 
assessments, glucose homeostasis indices, cognitive tests, hypoglycemic 
symptoms scale, cerebral blood flow, and resting-state functional connec-
tivity analyses. Glucose uptake in the brain, assessed as 18-FDG clear-
ance, was assessed during hyperinsulinemic normo- and hypoglycemia in 
selected brain regions, including both cortical (frontal, parietal, temporal, 
occipital) and subcortical areas (dorsal striatum, globus pallidus, amygdala, 
hippocampus). Spearman correlation analyses were performed to identify 
associations with post-surgical changes in other assessed variables.
Results: Glucose uptake under hypoglycemia was increased in glo-
bus pallidus after RYGB (p=0.02). No other significant changes of 
glucose uptake could be detected in the other examined brain regions 
during either normo- or hypoglycemia. However, the magnitudes of 
BMI reduction and increase in insulin sensitivity (M-value) following 
RYGB were significantly associated with lowering of glucose uptake 
during normoglycemia in subcortical regions, including amygdala, cau-
date, hippocampus, and putamen (r<-0.67, p<0.05 for all), but not in 
any cortical area (all p>0.05). There were no significant associations 
between the regional glucose uptake changes after RYGB and changes 
in cognitive performance, hypoglycemic symptoms, or counterregula-
tory hormonal responses.
Conclusion: Following RYGB, lower glucose uptake in subcortical 
nuclei, but not in cortical areas, was associated with BMI reduction 
and improved insulin sensitivity. These results may support a role of 
glucose metabolism in subcortical nuclei in mediating some favour-
able metabolic effects of bariatric surgery.
Clinical Trial Registration Number: Dnr2015/514
Supported by: SDF, Exodiab, Ernfors, Zetterling, Novo Nordisk, 
SSMR, TREATMENT, UAS ALF
Disclosure: G. Fanni: Grants; Swedish Diabetes Foundation, Exo-
diab, Ernfors Foundation, Zetterling Foundation, Swedish Society for 
Medical Research, Novo Nordisk Foundation, Marie Curie Network 
TREATMENT, Uppsala University Hospital ALF grants.
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The metabolomic signature of weight loss interventions: insight 
from clinical trials
M.L. Smith1, L.J.  Goudswaard1, L.J.  Corbin1, The By-Band-Sleeve 
Trial Management Group, D.A.  Hughes1, A.  McConnachine2, P. 
 Welsh3, R.  Taylor4, M.E.J.  Lean5, N.  Sattar3, N.J.  Timpson1;
1Bristol Medical School, University of Bristol, Bristol, UK, 2Insti-
tute of Health and Wellbeing, University of Glasgow, Glasgow, UK, 
3School of Cardiovascular and Metabolic Health, University of Glas-
gow, Glasgow, UK, 4Translational and Clinical Research Institute, 
Newcastle University, Newcastle upon Tyne, UK, 5School of Medi-
cine, Dentistry and Nursing, University of Glasgow, Glasgow, UK.

Background and aims: Weight loss is a key intervention for patients 
with type 2 diabetes (T2D) with proven efficacy on metabolic out-
comes. Use of metabolomics technologies within clinical trials of 
weight loss interventions allows us to characterise the molecular 
signatures of weight loss and concurrent changes in T2D status. We 
have characterised the metabolomic consequences of a non-surgical 
weight management programme in patients with T2D and compared 
this profile to that seen in bariatric surgery.
Materials and methods: A total of 574 serum samples from the 
Diabetes Remission Clinical Trial (DiRECT) were collected at 
baseline and 12 months and analysed using both untargeted mass 
spectrometry (MS) and targeted 1H-NMR spectroscopy (NMR). A 
linear mixed model was fitted to evaluate the effect of the inter-
vention on metabolite levels. The same analysis was performed on 
250 samples collected at baseline and 36 months post-randomi-
zation in the By-Band-Sleeve trial (BBS), where patients under-
went bariatric surgery. Metabolites found to be associated with the 
interventions form the basis of exploratory analyses to assess the 
relevance of weight loss and T2D remission status.
Results: All DiRECT participants had T2D at baseline, with 46% 
of the intervention arm achieving T2D remission at 12 months. 
In DiRECT, 89 MS metabolites and 68 NMR metabolites were 
altered by the intervention (Holm-corrected P<0.05). Branched 
chain amino acids (BCAAs) decreased in the intervention group, 
whilst increases were seen in the amino acid glycine and some 
lipids including sphingolipids and plasmalogens. These changes 
were correlated with improvements in clinical indicators of meta-
bolic health, including biomarkers of liver health. In BBS, 47 
MS metabolites were altered by bariatric surgery (Holm-corrected 
P<0.05), of which 15 overlapped with those altered in DiRECT, 
including some phospholipid metabolites and glycine (Figure). 
NMR-measured BCAAs were also decreased following bariatric 
surgery.
Conclusion: We have characterised the metabolomic effects of 
an integrated weight management programme previously shown 
to deliver weight loss and diabetes remission and found con-
sistencies with the metabolomic footprint of bariatric surgery. 
Metabolites commonly altered by both interventions are likely 
to be effects of weight loss, whilst those only altered in one 
study are intervention specific effects that may give detailed 
insight in the intervention’s mechanisms of action. Future work 
will explore the role that these intermediate metabolites play in 
weight loss and the remission of T2D.

Clinical Trial Registration Number: ISRCTN03267836; 
ISRCTN00786323
Supported by: Wellcome Trust, NIHR Biomedical Research Centre, 
Diabetes UK, NIHR HTA Programme
Disclosure: M.L. Smith: None.
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Remission of type 2 diabetes 5 years after gastric bypass versus 
sleeve gastrectomy: the Oseberg RCT 
J.W. Hauge1, H.  Borgeraas1, J.K.  Hertel1, M.C. Småstuen1, R.  Sandbu1, 
L.K.  Johnson1, M.  Svanevik1, K.I.  Birkeland2, R.L.  Kolotkin3, T.G. 
 Valderhaug4, H.L.  Gulseth5, J. Hjelmesæth1,2, D. Hofsø1;
1Vestfold Hospital Trust, Tønsberg, Norway, 2University of Oslo, 
Oslo, Norway, 3Duke University School of Medicine, Durham, NC, 
USA, 4Akershus University Hospital, Lørenskog, Norway, 5Norwe-
gian Institute of Public Health, Oslo, Norway.

Background and aims: Bariatric surgery causes weight loss, 
ameliorates hyperglycemia, and improves quality of life. Long-
term data comparing standard gastric bypass (GBP) with sleeve 
gastrectomy (SG) in type 2 diabetes mellitus (T2DM) are limited. 
We aimed to assess if GBP provides superior 5-yr diabetes remis-
sion compared with SG.
Materials and methods: Single-centre RCT of adult patients with 
obesity and T2DM assigned (1:1) to GBP or SG with 5-yr fol-
low-up. Main clinical outcome was diabetes remission, assessed 
as HbA1c ≤ 6% (42mmol/mol) without antidiabetic drugs. Prede-
fined secondary outcomes included body weight loss, quality of life, 
and adverse events. The treatment policy estimand assessed effects 
including data from patients converted from SG to GBP (missing 
data handled by multiple imputation). The trial product estimand 
assessed treatment effects excluding data in patients converted to 
GBP from time of conversion. Outcomes were analysed using gener-
alized linear mixed models for repeated measures with identity link 
(continuous outcomes) and log-link (binary outcomes). All reported 
results are for the trial product estimand, unless otherwise specified.
Results: From Jan 2013 until Feb 2018, 109 patients were randomised 
to GBP (n=54) or SG (n=55). Ninety-three (85%) patients completed 
5-yr follow up (last visit Dec 2022). Three SG patients were converted 
to GBP due to insufficient weight loss at 2-yr (n=1) and 3-yr (n=2). 
None of these were in remission at conversion, whilst all three were in 
remission at 5-yr. Rates of patients achieving diabetes remission were 
higher after GBP compared with SG: Treatment policy estimand; 50% 
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after GBP vs 26% after SG, RR= 1.79 [95% CI 1.05 to 3.06; p=0.032]. 
Trial product estimand; 50% after GBP vs 20% after SG, RR= 2.44 
[95% CI 1.28 to 4.68; p=0.007]. Remission rates were also higher in 
GBP than SG when applying the new consensus definition for remis-
sion (HbA1c <6.5% without antidiabetic drugs), 63% after GBP vs 
30% after SG, RR= 2.13 [95% CI 1.29 to 3.54; p=0.003]. HbA1c 
decreased similarly in both groups. Body weight loss was 22% [95% 
CI 20 to 24] after GBP vs 17% [95% CI 15 to 19] after SG, treatment 
difference 5.0% [95% CI 2.4 to 7.7; p<0.001]. Weight-related qual-
ity of life (IWQOL-Lite) score improved 34 [95% CI 29 to 38] after 
GBP vs 28 [95% CI 23 to 32] after SG, difference 6.2 [95% CI 0.02 
to 12.5; p=0.049]. Adverse events (≥6 weeks) occurred in 40 patients 
(86 events) after GBP and 37 patients after SG (93 events). One death 
occurred in the SG group (malignancy).
Conclusion: This trial showed GBP to be superior at inducing remis-
sion of T2DM, providing weight loss, and increasing quality of life 
compared with SG during 5-yr follow-up.

Clinical Trial Registration Number: NCT01778738
Supported by: Educational grant (PhD) from South-Eastern Norway 
Regional Health Authority
Disclosure: J.W. Hauge: None.
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Synergistic effects of tirzepatide and pioglitazone on insulin sen-
sitivity and beta cell function in diet-induced obese rats
M. Abu-Farha1, I. Al-Khairi1, M.  Qaddoumi2, S. Al-Sabah3, A. 
 AlSabbagh1, V.  Lopez1, T.  Alessa1, J.  Kumar1, N.  Abukhalaf1, P. 
 Cherian1, S. Al-Sabah4, F. Al-Mulla1, J.  Abubaker1, M. Abdul-Ghani5;

1Dasman Diabetes Institute, Kuwait City, Kuwait, 2Pharmacology 
and Therapeutics Department, Kuwait University, Kuwait City, 
Kuwait, 3Kuwait Ministry of Health, Kuwait City, Kuwait, 4Depart-
ment of Pharmacology and Toxicology, Kuwait University, Kuwait 
City, Kuwait, 5University of Texas, San Antonio, TX, USA.

Background and aims: Tirzepatide, a dual GLP-1 and GIP receptor 
agonist, augments glucose-stimulated insulin secretion, significantly 
lowers HbA1c, and promotes weight loss. The improvement in insu-
lin sensitivity is thought to be mediated by both weight loss-depend-
ent and weight loss-independent mechanisms. Given that Tirzepatide 
and pioglitazone improve insulin sensitivity via distinct mechanisms 
(GIP agonist vs. PPARγ activation), we hypothesized that their com-
bination would produce additive improvements in insulin action.
Materials and methods: A total of 32 male Sprague Dawley rats aged 
6-8 weeks were fed a high-fat cafeteria diet for 12 weeks and then 
divided into four groups treated with either placebo, 10 mg/kg piogl-
itazone, 100 nmole/kg Tirzepatide, or a combination of pioglitazone 
and Tirzepatide for 8 weeks. Weight, FBG, and calorie consumption 
were monitored weekly. OGTT and ITT tests were performed at the 
end of the study, and liver, adipose tissue, muscle, and pancreatic tis-
sues were collected.
Results: Body weight significantly increased during the 8-week 
treatment period in animals receiving vehicle (+62±3 grams) and 
pioglitazone (+83±4 grams) (both p<0.01 versus baseline), also 
significant for pioglitazone vs vehicle (p<0.05). Conversely, body 
weight significantly decreased in animals receiving tirzepatide 
(-67±3 grams) and in animals receiving tirzepatide plus pioglita-
zone (-75±3 grams). Despite the opposing effect on body weight, 
the incremental increase area under the plasma glucose concen-
tration during the OGTT (∆G0-120) was comparable in animals 
receiving tirzepatide or pioglitazone (7.2±0.5, 8.1±0.6 mM.h) 
(p=ns), and it was significantly smaller than that in animals receiv-
ing vehicle (11.0±0.9 mM.h) (both p<0.01). Additionally, animals 
receiving tirzepatide plus pioglitazone experienced robustly greater 
insulin sensitivity index than animals receiving pioglitazone or 
tirzepatide monotherapy (both p<0.01). finally, animals receiv-
ing tirzepatide plus pioglitazone had the smaller fat cell size than 
animals receiving tirzepatide monotherapy., suggesting an additive 
effect of pioglitazone and tirzepatide on fat cell function.
Conclusion: Tirzepatide mitigated the weight gain associated with 
pioglitazone, and the combination exhibited a synergistic improve-
ment in insulin action. This study supports the potential of combina-
tional therapy with Tirzepatide and pioglitazone for enhancing insulin 
sensitivity in the context of obesity and diabetes.
Disclosure: M. Abu-Farha: None.
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High-throughput proteomics of human adipose tissue reveals 
exercise and type 2 diabetes induced changes
R. Kruse1,2, J.K.  Larsen3, N.  Sahebekhtiari1, R.M.  Justicia3, G. 
 Gomez3, M.H.  Petersen1, M.E. de  Almeida4, N. Ørtenblad4, A.S. 
 Deshmukh3, K. Højlund1;
1Steno Diabetes Center Odense, Odense University Hospital, Odense 
C, Denmark, 2Department of Clinical Research and Department of 
Molecular Medicine, University of Southern Denmark, Odense 
C, Denmark, 3University of Copenhagen, Novo Nordisk Founda-
tion Center for Basic Metabolic Research, Copenhagen, Denmark, 
4Department of Sports Science and Clinical Biomechanics, University 
of Southern Denmark, Odense M, Denmark.
Background and aims: White adipose tissue (WAT) plays a criti-
cal role in whole-body energy homeostasis, including insulin sen-
sitivity; however, the proteome of human WAT has only scarcely 
been investigated. Moreover, it remains largely unknown whether 
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adaptations in the human WAT proteome contributes to the exer-
cise-induced improvements in metabolic health, including insulin 
sensitivity, in humans. Here, we examined the WAT proteome in 
obese men with type 2 diabetes (T2D) and activity-matched lean 
and obese men before and after eight weeks of high-intensity inter-
val training (HIIT).
Materials and methods: Using a high-throughput and reproducible 
mass spectrometry-based proteomics pipeline, we compared the prot-
eomic signatures of abdominal subcutaneous WAT biopsies collected 
from glucose-tolerant lean (n=18) and obese (n=15) individuals and 
obese patients with T2D (n=15) at baseline and in response to eight 
weeks of HIIT combining rowing and cycling.
Results: We identified a total of 3.773 proteins of which 2.106 were 
quantified in each sample for differential analysis of protein abundance. 
At the single protein level, we found 48 proteins to be significantly 
regulated (25 up-regulated, 23 down-regulated) in T2D versus lean men 
at baseline after correction for multiple testing. These changes, together 
with gene set enrichment analysis, demonstrated; (1) a down-regulation 
of proteins involved in several mitochondrial processes including oxi-
dative phosphorylation, tricarboxylic acid (TCA) cycle, and fatty acid 
metabolism and (2) up-regulation of proteins involved in immune and 
stress responses as well as extracellular matrix (ECM) components 
in WAT of men with T2D. Although the HIIT intervention markedly 
improved insulin sensitivity as well as  VO2max and body composition 
in all groups, it only had minor effects on the WAT proteome. Inter-
estingly, HIIT induced a substantial increase in WAT ferritin subunit 
levels, a protein involved in iron metabolism, in all groups, and these 
increases were strongly correlated with individual insulin sensitivity 
(both p<0.001). On the contrary, HIIT caused a reduction in serum fer-
ritin levels in all groups, and this was negatively correlated with insulin 
sensitivity. Furthermore, gene set enrichment analysis revealed that gene 
ontology (GO)-terms related to mitochondria were down-regulated in 
the lean and obese men following HIIT.
Conclusion: In the present study, we report baseline differences in 
the WAT proteome between lean, obese, and T2D men, which extend 
previous transcriptomic signatures of adipose tissue dysfunction in 
T2D. Importantly, our results emphasize a previously unknown role 
of human WAT iron metabolism in exercise training adaptations and 
association to insulin sensitivity.
Clinical Trial Registration Number: NCT03500016
Supported by: EFSD/NNF Future Leaders Awards Programme, NNF, 
Odense University Hospital, University of Southern Denmark
Disclosure: R. Kruse: None.
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GUBamy: a novel long-acting amylin analogue with significant 
therapeutic potential for mono- and combination therapy in 
obesity
M. Tozzi, M. Cavalera, N. Sonne, L. Holm, M. Ougaard, S. Rasmus-
sen, H.B. Hansen, M. Kræmer, T. Porsgaard, N. Vrang, S. Jørgensen;
Gubra, Copenhagen, Denmark.

Background and aims: The pancreatic hormone amylin plays 
a central role in regulating energy homeostasis and glycemic 
control. Amylin potently reduces appetite making amylin mimet-
ics attractive for the treatment of metabolic diseases. Here, we 
evaluated preclinical anti-obesity effects of a long-acting inject-
able amylin analogue (GUBamy) alone or in combination with a 
GLP-1 receptor agonist.
Materials and methods: For pharmacokinetic analysis, chow-fed 
male Sprague-Dawley (SD) rats were given a single intravenous (IV) 
dose of GUBamy (15 nmol/kg, n=3) or semaglutide (50 nmol/kg, 
n=3). Effects on real-time food intake were characterized in chow-
fed male SD rats (n=5-6 per group) for 96h after administration of a 

single subcutaneous (SC) dose of vehicle or GUBamy (1, 3, 10 or 30 
nmol/kg). Effects on body weight, food intake and body composition 
were investigated in diet-induced obese (DIO, 45% kcal fat) male 
SD rats (n=8 per group) after SC (QD) administration of vehicle, 
GUBamy (10 nmol/kg,) or semaglutide (10 nmol/kg) as monotherapy 
and combination treatment, respectively, for 2 weeks.
Results: GUBamy showed circulating half-life (T½iv) and mean 
residence time (MRT) of 29h and 42h, respectively. For sema-
glutide, T½iv and MRT was 10h and 13h. GUBamy markedly and 
dose-dependently suppressed cumulative food intake after single 
dosing, with all doses showing sustained anorectic efficacy over the 
entire 96h monitoring period (p<0.01). GUBamy and semaglutide 
monotreatment induced a robust and sustained body weight loss in 
DIO rats compared to baseline (GUBamy, 10.0 ± 0.6%; semaglu-
tide 7.4 ± 0.7%, both p<0.001). Notably, GUBamy and semaglu-
tide combination therapy promoted additive effects on weight loss 
(16.0 ± 1.0%, p=0.001 vs. monotreatment with semaglutide or with 
GUBamy) and food intake inhibition in DIO rats. For mono- and 
combination therapy, body weight loss following GUBamy and sema-
glutide subchronic administration was driven by reduced fat mass.
Conclusion: Our preclinical data demonstrates that GUBamy is a 
potent long-acting amylin peptide analogue with marked anti-obesity 
effects in DIO rats holding potential for combination therapy with 
GLP-1 receptor agonists. GUBamy is currently in development as a 
once-weekly, injectable amylin analogue for the treatment of obesity.
Disclosure: M. Tozzi: None.
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The genetics of the response to second-line drug therapies for 
type 2 diabetes: genome-wide association studies in the GRADE 
clinical trial
L. Szczerbinski1, J.H.  Li2, H.  Liu3, M.  Tripputi3, A.  Kretowski1, S.E. 
 Kahn4, J.M.  Lachin3, N.  Younes3, J.M.  Mercader5, J.C.  Florez2, the 
GRADE Research Group;
1Medical University of Bialystok, Bialystok, Poland, 2Diabetes 
Clinical Center, Massachusetts General Hospital, Boston, MA, 
USA, 3Department of Biostatistics and Bioinformatics, The Biosta-
tistics Center, George Washington University, Rockville, MD, USA, 
4Department of Medicine, VA Puget Sound Health Care System and 
the University of Washington, Seattle, WA, USA, 5Broad Institute of 
MIT and Harvard, Cambridge, MA, USA.

Background and aims: Adjuvant therapy optimization for met-
formin-based pharmacotherapy of type 2 diabetes (T2D) can be a 
challenge for practitioners. Currently, drug selection is largely algo-
rithmic and does not target therapy to individual patients based on 
their genetic profiles. To address this gap, we performed the largest 
genome-wide association study (GWAS) to date in a randomized 
clinical trial for long-term response to insulin glargine U-100, glime-
piride, liraglutide, or sitagliptin, when added to metformin.
Materials and methods: We analyzed data from the Glycemia Reduction 
Approaches in Type 2 Diabetes: A Comparative Effectiveness (GRADE) 
Study, a randomized head-to-head trial in patients with T2D from diverse 
ancestries, comparing the metabolic effects of the four medications adju-
vant to metformin with a mean follow-up of 5 years. 4,689 participants 
underwent genome-wide genotyping with the Illumina Infinium GSA 3.0 
array, and high-quality imputation was performed with the TOPMed refer-
ence panel, resulting in 15.5 million variants. We performed a GWAS of 
treatment failure, defined by meeting GRADE outcome criteria (primary: 
HbA1c ≥7%; secondary: HbA1c ≥7.5%) We implemented Cox propor-
tional hazards regression models, adjusting for baseline HbA1c, BMI, 
age, sex, and 10 ancestry principal components, to test associations with 
the incidence of primary and secondary outcomes in each treatment arm. 
Variants were filtered to minor allele count ≥5 and imputation quality 
 R2 ≥0.80.
Results: We identified multiple loci associated with treatment 
response, defined as meeting the primary (glargine: 12 loci; 
glimepiride: 16 loci; liraglutide: 32 loci; sitagliptin: 7 loci) or 
secondary (glargine: 13 loci; glimepiride: 7 loci; liraglutide: 15 
loci; sitagliptin: 13 loci) outcomes, at standard genome-wide sig-
nificance (p<5.0×10-8). Among them, we found that the T allele 
of rs115566325, located near the Zinc finger protein 217 gene 
(ZNF217), was associated with an increased risk of treatment fail-
ure to liraglutide (primary outcome: HR 2.15, p=4.6×10-8; sec-
ondary outcome: HR 2.66, p=1.7×10-9). Other interesting associa-
tions were found for response to glimepiride, where the C allele 
of rs78324530 located near IQCA1 (primary outcome: HR 3.54, 
p=2.9×10-8; secondary outcome: HR 4.83, p=8.3×10-10) and the A 
allele of rs11925227 near SLC2A2 encoding the glucose transporter 
2 (primary outcome: HR 1.45, p=4.9×10-9; secondary outcome: 
HR 1.31, p=5.2×10-4), were associated with an elevated risk of 
treatment failure.
Conclusion: We identified new genetic loci associated with response 
to second-line adjuvant medications for T2D. The findings highlight 
the potential of genetic variation to guide therapy selection. Inde-
pendent validation and translational research are needed to bring 
these findings to the bedside.

Clinical Trial Registration Number: NCT01794143
Supported by: NIDDK: U01DK098246; U34DK088043; 
R01DK123019; ADA; NHLBI, CDC, Polish Ministry of Health
Disclosure: L. Szczerbinski: Grants; Ministry of Health of the 
Republic of Poland (project entitled “Center for Artificial Intel-
ligence at the Medical University of Bialystok”).
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Effect of glucagon-like-peptide 1 analogues and sodium-glucose 
transport 2 inhibitors on MACE in an elderly population: a 
target trial emulation in Danish register data
V. Kosjerina1, M.  Parsa1, B.  Carstensen1, M.Z.  Ankarfeldt2, K.K. 
 Sorensen3, B.  Brock1, H.R.  Christensen4, J.  Rungby1, D.  Vistisen1, 
K.  Clemmensen5;
1Steno Diabetes Center Copenhagen, Herlev, Denmark, 2Depart-
ment of Clinical Pharmacology and Center for Clinical Research 
and Prevention, Bispebjerg Hospital, Copenhagen, Denmark, 
3Department of Cardiology, Nordsjaellands Hospital, Hillerod, 
Denmark, 4Department of Clinical Pharmacology, Bispebjerg Hos-
pital, Copenhagen, Denmark, 5Novo Nordisk, Soborg, Denmark.

Background and aims: The elderly population is often under-
represented in randomized controlled trials (RCT). It has been 
suggested that explicitly emulating a hypothetical RCT (target 
trial) reduces bias in real-world data analysis. The aim of this 
study is to estimate the effect of glucagon-like peptide-1 analogues 
(GLP-1) and sodium-glucose transport 2 inhibitors (SGLT2i) on 
3-point major adverse cardiovascular events (MACE), in a real-
world elderly population with type 2 diabetes (T2D) by emulating 
a hypothetical target trial.
Materials and methods: By linking Danish nationwide registers, 
we identified a population of elderly individuals with a T2D diag-
nosis that were new users of either GLP-1, SGLT2i or dipeptidyl 
peptidase-4 inhibitors (DPP4i) at an age of ≥70 years. DPP4i 
was used as an active comparator, as it has shown a neutral effect 
on 3-point MACE. Key exclusion criteria were a MACE event 
(defined as myocardial infarction, stroke, or all-cause mortality) 
in the 6 months prior to index date or use of any of the study 
drugs 90 days prior index date. Propensity scores were calculated 
on baseline covariates using multinomial logistic regression. In an 
intention-to-treat analysis, we analyzed the incidence of MACE 
by fitting a Poisson regression model with the index drug as expo-
sure and natural splines logit of the propensity score for GLP1 
and SGLT2i and age at follow-up. In a second Poisson model, we 
allowed for an interaction between age and index drug.
Results: A total of 37,493 individuals met the eligibility cri-
teria (GLP-1 [N = 5,683], SGLT2i [N = 5,000], and DPP4i [N 
= 26,810]). The age at T2D diagnosis was higher in the DPP4i 
group (mean [SD]) 69 (8) years compared to GLP-1 63 (8) years 
and SGLT2i (SD) 65 (8) years. We found a significant reduction 
in 3-point MACE incidence for GLP-1 with a rate ratio (RR) of 
0.90 (95% CI 0.85-0.95) and for SGLT2i 0.83 (95% CI 0.78-0.90), 
both compared to DPP4i. Figure 1 illustrates the age-specific rate 
ratios from the interaction model for 3-point MACE, for GLP1 and 
SGLT2i vs DPP4i.
Conclusion: Both GLP-1 and SGLT2i reduced the incidence of 
MACE compared to DPP4i in this real-world elderly population with 
T2D. However, we found a reduction of this effect with increasing age 
at follow-up. Further analysis will include adjustments for relevant 
covariates during follow-up.
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Lower risk of severe hypoglycaemia with SGLT2 inhibitor com-
pared to DPP4 inhibitor use in subjects with type 2 diabetes: a 
propensity score-matched cohort study
S. Moon1, E.  Kim2, H.-S.  Kwon3, K.  Han4, Y.-B.  Ahn5, K.-H.  Song3;
1Division of Endocrinology and Metabolism, Department of Inter-
nal Medicine, The Catholic University of Korea, Incheon, Repub-
lic of Korea, 2Internal Medicine, The Catholic University of Korea, 
Incheon, Republic of Korea, 3Division of Endocrinology and Metab-
olism, Department of Internal Medicine, The Catholic University 
of Korea, Seoul, Republic of Korea, 4Department of Statistics and 
Actuarial Science, Soongsil University, Seoul, Republic of Korea, 
5Division of Endocrinology and Metabolism, Department of Inter-
nal Medicine, The Catholic University of Korea, Suwon, Republic 
of Korea.

Background and aims: Severe hypoglycemia has been linked to 
substantial health consequences such as cardiovascular events and 
mortality. This study investigated the risk of severe hypoglycemia 
associated with new-use sodium-glucose transport protein 2 (SGLT2) 
inhibitors compared with dipeptidyl peptidase-4 (DPP4) inhibitors.
Materials and methods: Data from the National Health Insurance 
Service of Korea was used to identify initiators of SGLT2 or DPP4 
inhibitors from 2014 to 2017. By employing a 1:1 propensity score 
matching technique to control for confounding variables and guar-
antee a fair comparison, our study included new initiators of SGLT2 
inhibitors (n=57,021) and DPP4 inhibitors (n=57,021). The Cox 
proportional hazards model estimated hazard ratios (HRs) with 95% 
confidence intervals (CIs) for developing severe hypoglycemia in the 
matched sample. Exploratory subgroup analyses assessed the consist-
ency of the treatment effects on the primary outcome.
Results: During a 1-year follow-up, the incidence rate of severe 
hypoglycemia was 1.88 per 1,000 person-years in patients treated 
with SGLT2 inhibitors and 3.28 per 1,000 person-years in patients 
treated with DPP4 inhibitors. SGLT2 inhibitors were associated with 
a significantly lower risk of severe hypoglycemia (HR, 0.57; 95% 
CI, 0.45-0.73). Subgroup analyses showed that compared with their 
counterparts, SGLT2 inhibitors significantly decreased the risk of 
hypoglycemia in high-risk groups for hypoglycemia such as women, 
patients with peripheral artery disease, and patients on sulfonylurea.

Conclusion: The new use of SGLT2 inhibitors was associated with a 
43% lower risk of severe hypoglycemia than DPP4 inhibitors. SGLT2 
inhibitors may be safer in glycemic control than DPP4 inhibitors, 
especially in subjects at an increased risk of severe hypoglycemia.
Disclosure: S. Moon: None.
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Benefit of dual therapy with GLP-1 RA and SGLT2i on renal 
outcomes in type 2 diabetes
K.K.B. Clemmensen1, B.  Zareini2, T.  Gerds3, K.K. Sørensen2, K. 
 Kvist1, J.-P.  David1, C. Torp-Pedersen2;
1Novo Nordisk A/S, Søborg, Denmark, 2Department of Cardiology, 
Copenhagen University Hospital - North Zealand Hospital, Hill-
erød, Denmark, 3Section of Biostatistics, University of Copenhagen, 
Copenhagen, Denmark.

Background and aims: There is increased use of dual glucagon like 
peptide-1 receptor agonist (GLP-1 RA) and sodium-glucose co-trans-
porter-2 inhibitor (SGLT2i) therapy, but real-world evidence on the 
renal benefit is lacking. The aim is to compare the dual use of GLP-1 
RA and SGLT2i to other dual second-line type 2 diabetes therapies 
with respect to renal outcomes.
Materials and methods: From 2010-2021 patients from the Danish 
nationwide registries were followed from start of dual second-line 
type 2 diabetes treatment. Outcomes were chronic renal disease, end-
stage renal disease and >50% eGFR decrease from baseline. The 
estimated risk following 1 of 4 dual therapy combinations was deter-
mined using a longitudinal causal inference framework assuming all 
patients followed one dual therapy for 5 years.
Results: In total 87,201 persons were included (GLP-1 RA and 
SGLT2i: 14,831, GLP-1 RA and DPP4/SU/TZD: 20,417, SGLT2i 
and DPP4/SU/TZD: 22,803, dual DPP4/SU/TZD: 29,150). The 5-year 
risk ratio (95%CI) of dual GLP-1 RA and SGLT2i therapy compared 
to reference (dual DPP4/SU/TZD) for chronic renal disease: 1.03 
(0.97;1.08), end-stage renal disease: 0.12 (0.09;0.15) and >50% 
decrease in eGFR: 0.52 (0.45;0.59).
Conclusion: Dual therapy with GLP-1 RA and SGLT2i compared to 
other dual therapies results in greater risk reduction of end-stage renal 
disease and eGFR decline, while dual SGLT2i and DPP4/SU/TZD 
showed greater risk reduction of chronic renal disease.

Disclosure: K.K.B. Clemmensen: Stock/Shareholding; Share holder 
in Novo Nordisk.
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Benefit of dual therapy with GLP-1 RA and SGLT2i on cardio-
vascular outcomes in type 2 diabetes
B. Zareini1, T.  Gerds2, K.K. Sørensen1, K.K.B.  Clemmensen3, K. 
 Kvist3, J.-P.  David3, C. Torp-Pedersen1;
1Department of Cardiology, Copenhagen University Hospital - North 
Zealand Hospital, Hillerød, Denmark, 2Section of Biostatistics, Uni-
versity of Copenhagen, Copenhagen, Denmark, 3Novo Nordisk A/S, 
Søborg, Denmark.

Background and aims: Evidence on the cardiovascular benefit 
of dual glucagon like peptide-1 receptor agonist (GLP-1 RA) and 
sodium-glucose co-transporter-2 inhibitor (SGLT2i) therapy is lack-
ing. The aim is to compare the benefit of dual GLP-1 RA and SGLT2i 
therapy to other dual type 2 diabetes therapies with respect to heart 
failure and major cardiovascular adverse events (MACE).
Materials and methods: From 2010-2021 patients from the Danish 
nationwide registries were followed from start of dual second-line type 
2 diabetes treatment. Primary outcome was heart failure, and secondary 
outcomes were MACE and all-cause death. The estimated risk follow-
ing 1 of 4 dual therapy combinations was determined using a longitudi-
nal causal inference framework assuming all patients followed one dual 
therapy for 5 years.
Results: A total of 87,201 persons were included (GLP-1 RA and 
SGLT2i: 14,831, GLP-1 RA and DPP4/SU/TZD: 20,417, SGLT2i and 
DPP4/SU/TZD: 22,803, dual DPP4/SU/TZD: 29,150). The 5-year risk 
ratio (95% CI) of dual GLP-1 RA and SGLT2i therapy compared to 
reference (dual DPP4/SU/TZD) for heart failure was: 0.93 (0.87;1.00), 
for MACE: 0.91 (0.87;0.95) and for all cause death: 0.78 (0.74;0.82), 
see Figure.
Conclusion: Dual therapy with GLP-1 RA and SGLT2i showed a 
benefit on heart failure compared to other dual therapies. Dual ther-
apy with GLP-1 RA and SGLT2i showed a benefit on MACE and 
all-cause death compared to the reference treatment.

Disclosure: B. Zareini: None.

54
Precision medicine in type 2 diabetes: development and valida-
tion of a treatment selection algorithm for SGLT2-inhibitors and 
GLP1-receptor agonist therapies
P. Cardoso1, A.T.  Nair2, K.G.  Young1, R.  Hopkins1, A.G.  Jones1, 
N.  Sattar3, R.R.  Holman4, E.R.  Pearson2, A.T.  Hattersley1, B.M. 
 Shields1, T.J.  McKinley1, J.M.  Dennis1, on behalf of the MASTER-
MIND consortium;
1University of Exeter, Exeter, UK, 2University of Dundee, Dundee, 
UK, 3University of Glasgow, Glasgow, UK, 4University of Oxford, 
Oxford, UK.

Background and aims: Choosing between SGLT2-inhibitors 
(SGLT2i) and GLP1-receptor agonists (GLP1-RA) requires under-
standing each drug class’s relative benefits and risks for individual 
patients. We develop and validate a treatment selection model to pre-
dict glucose-lowering efficacy of each therapy class for individuals 
with type 2 diabetes based on their routine clinical characteristics. We 
further evaluate the impact of glycaemia-based treatment targeting 
on short/long-term outcomes.
Materials and methods: State-of-the-art Bayesian Causal For-
ests were used to develop a treatment selection algorithm to 
predict individual-level differences in 12-month glycaemic 
response (change from baseline in HbA1c) for the two therapies 
based on routine clinical characteristics. Model development was 
conducted in UK primary care data (CPRD Aurum), including 
27,319 patients with type 2 diabetes initiating SGLT2i or GLP1-
RA (baseline characteristics: HbA1c 77.0±15.5 [SD] mmol/mol, 
age 58.4±10.4 years, 60% male). The model was validated by 
comparing predicted versus observed differential treatment effects 
in independent hold-back CPRD data (n=20,850) and Scottish pri-
mary care data (Tayside & Fife, n=2,252). In CPRD, we explored 
the impact of targeting treatment based on HbA1c on 12-month 
weight change, 6-month discontinuation (a proxy of tolerability).
Results: Although glycaemic response was on average similar 
on both therapies (mean 12-month response SGLT2i 12.1 mmol/
mol; GLP1-RA 12.3 mmol/mol, marked individual-level hetero-
geneity in response was evident, with 2,282 individuals predicted 
a >5mmol/mol benefit on SGLT2i (SGLT2i-optimal subgroup), 
and 3,376 individuals predicted >5mmol/mol benefit on GLP1-
RA (GLP1RA-optimal subgroup). Compared to GLP1RA-optimal 
patients, SGLT2i-optimal patients were more male (86% versus 
20%), younger (mean age 48.8 versus 66.1), with higher baseline 
HbA1c (90 versus 73 mmol/mol) and eGFR (109 versus 81 ml/
min/1.73m2). The model performed well in CPRD hold-back 
validation, with average treatment benefits (versus alternative 
treatment) of 5.4 (CI: 3.4-7.4) mmol/mol with SGLT2i in the 
SGLT2i-optimal subgroup and 3.6 (CI: 1.7-5.5) mmol/mol with 
GLP1-RA in the GLP1RA-optimal subgroup, and in Scotland 
(SGLT2i-optimal group benefit 7.4 (CI: 0.1-14.1) mmol/mol; 
GLP1RA-optimal subgroup benefit 5.6 (CI: 0.8-12) mmol/mol). 
Weight change did not differ by predicted glycaemic benefit. 
Short-term discontinuation was highest for individuals predicted 
to have a glycaemic benefit from GLP1-RA but who received 
SGLT2i (GLPRA-optimal subgroup 6-month discontinuation: 
SGLT2i 26.5%, GLP1-RA 18.9%).
Conclusion: A validated treatment selection model for glycaemic 
response supports individualised treatment decisions when choosing 
between SGLT2i and GLP1-RA therapy. Optimising treatment choice 
based on glycaemia may also improve short-term tolerability and 
lower longer-term risk of new-onset microvascular disease. Precision 
type 2 diabetes medicine based on routine clinical features presents a 
low-cost and equitable approach to optimising clinical care applicable 
worldwide.
Supported by: EFSD Rising Star Fellowship Programme, UK MRC 
(MR/N00633X/1), NIHR Exeter BRC
Disclosure: P. Cardoso: None.
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CT-388, a novel once-weekly dual GLP-1 and GIP receptor modu-
lator, is safe, well-tolerated, and produces more than 8% weight 
loss in 4 weeks in overweight and obese adults
M.V. Chakravarthy1, F.A. Arguelles-Tello2, A.A.  Sun3, M.  Elliott1, 
L.  Acosta1, J.E.  Rankin4, S.K.  Hansen1;
1Carmot Therapeutics, Berkeley, CA, USA, 2Avante-Sante Research 
Center, San Pedro Garza García, Mexico, 3Linear Clinical Research, 
Perth, Australia, 4Syneos Health, Adelaide, Australia.

Background and aims: GLP-1 and GIP can deliver complemen-
tary pharmacology when combined. CT-388 is a biased dual GLP-1 
and GIP receptor modulator that exhibits no to minimal β-arrestin 
coupling at either receptor, designed for once-weekly subcutaneous 
administration. Primary objective was to investigate safety and toler-
ability of CT-388.
Materials and methods: A Phase 1, placebo-controlled, randomized, 
double-blind study in three parts was conducted in overweight and obese 
adults. Part 1 was a single ascending dose (SAD) study with doses rang-
ing from 0.5 mg to 7.5 mg. Part 2 was a 4-week multiple ascending 
dose (MAD) study comprised of 3 independent cohorts with doses 
ranging from 5-12 mg administered via weekly up-titration. Part 3 is a 
12-24 week multiple dose study with 3 additional cohorts (with one of 
the cohorts comprised of obese adults with T2D) with doses up 22 mg 
administered via titration. The current abstract outlines the results from 
Parts 1 and 2. Additional obese participants in Part 3 have completed 
enrollment in the 12-week cohort of CT-388/placebo dosing; treatment 
is currently ongoing, and results from these cohort(s) are anticipated to 
be available for presentation at the time of the EASD meeting.
Results: In parts 1 and 2, a total of 64 participants [N=28 (men)/36 
(women); median age=34 years; median BMI=33 kg/m2) received at least 
1 dose of CT-388 or placebo. Pharmacokinetic profile was investigated 
over a wide dose range (0.5-12 mg) and supports once-weekly adminis-
tration. Percent change in body weight from baseline at Day 29 was dose 
responsive and significantly greater in CT-388 treated participants versus 
placebo (p <0.0001) across the 3 MAD cohorts with placebo-adjusted 
Least Square Mean difference [95% CI] of -4.8% [-6.3, -3.3], -6.4% [-7.8, 
-5.0], and -8.5% [-10.4, -6.7]. Mean percent decrease from baseline at Day 
23 in fasting glucose (↓8-10%), insulin (↓20-26%), HOMA-IR (↓26-33%), 
AUC 0-120min glucose (↓26-28%) and AUC 0-120min insulin (↓33-58%) dur-
ing oral glucose tolerance tests were seen in cohorts dosed up to 12 mg 
of CT-388, suggestive of improved insulin sensitivity. Over the 4-week 
treatment period, CT-388 was generally well tolerated without any treat-
ment-related discontinuations in the MAD cohorts. The most frequent side 
effects reported were gastrointestinal (decreased appetite, nausea, vomit-
ing, diarrhea), which were mostly mild in severity.
Conclusion: In summary, CT-388 delivers clinically meaningful 
weight loss and metabolic control with a favorable tolerability profile. 
These data warrant further clinical evaluation of CT-388, possibly 
with minimal to no titration, for the treatment of obesity, T2DM, and 
other weight-related comorbidities.
Clinical Trial Registration Number: NCT04838405
Disclosure: M.V. Chakravarthy: Employment/Consultancy; 
employment.
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Retatrutide, a triple GIP/GLP-1/glucagon receptor agonist, pro-
vides robust HbA1c and body weight reductions to people with 
type 2 diabetes: a 36-week, phase 2 study
T. Coskun1, J.  Rosenstock2, J.  Frias3, A.  Jastreboff4, Y.  Du1, J.  Lou1, 
S.  Gurbuz1, M.L.  Hartman1, A.  Haupt1, Z.  Milicevic1;

1Eli Lilly and Company, Indianapolis, IN, USA, 2Velocity Clinical 
Research, Dallas, TX, USA, 3Velocity Clinical Research, Los Ange-
les, CA, USA, 4Yale School of Medicine, New Haven, CT, USA.

Background and aims: Along with improving glycaemic control, 
body weight reduction is increasingly recognised as central to the 
treatment of type 2 diabetes (T2D). Retatrutide (RETA) is a single 
peptide with agonist activity at the glucose-dependent insulinotropic 
polypeptide (GIP), glucagon-like peptide-1 (GLP-1), and glucagon 
receptors. We examined the efficacy and safety of RETA vs placebo 
(PBO) in people with T2D.
Materials and methods: In this 36-week, phase 2, randomised, dou-
ble-blinded, double-dummy, parallel, placebo- and active comparator-
controlled study, participants with T2D treated with diet and exercise 
alone or with a stable dose of metformin, an  HbA1c (glycated haemo-
globin) ≥53 to ≤91 mmol/mol (≥7% to ≤10.5%), and body mass index 
(BMI) of 25 to 50 kg/m2 were eligible to participate. Participants were 
randomised to PBO, dulaglutide 1.5 mg (DULA), or maintenance doses 
of RETA 0.5 mg, 4 mg, 8 mg, or 12 mg. Gradual dose escalation was 
employed to improve tolerability; two starting doses (2 mg vs 4 mg) 
were explored for doses greater than 0.5 mg. Treatments were admin-
istered once weekly via subcutaneous injection. The primary endpoint 
was change in  HbA1c from baseline to 24 weeks, and secondary end-
points included change in  HbA1c and body weight at 36 weeks, and 
several additional measures relevant for cardiovascular risk.
Results: At 24 weeks, RETA decreased  HbA1c in a dose-dependent 
manner, ranging from -4.7 to -22.1 mmol/mol (-0.4 to -2.0%) vs -0.1 
mmol/mol (<0.1%) with PBO and -15.4 mmol/mol (-1.4%) with 
DULA. Findings were consistent for  HbA1c at 36 weeks [Table]. The 
proportion of participants achieving  HbA1c <7.0%, ≤6.5%, or <5.7% 
at 36 weeks was higher in the RETA-treated participants vs PBO. 
Body weight decreased dose-dependently with RETA at 36 weeks, 
with 16.9% reduction with RETA 12 mg. Fasting glucose, waist cir-
cumference, non-HDL cholesterol, triglycerides, and systolic blood 
pressure also decreased to a greater extent with RETA vs PBO. Mild-
to-moderate gastrointestinal-related adverse events, including nausea, 
diarrhoea, vomiting, and constipation, were reported in 13-50% of 
RETA-treated participants, 13% with PBO, and 35% with DULA; these 
events occurred primarily during dose-escalation, and were mitigated 
by a lower starting dose (2 mg vs 4 mg). There were no reports of clini-
cal meaningful or severe hypoglycaemia. Dose-dependent increases in 
pulse rate of up to 3.9 bpm were observed with RETA at 36 weeks, vs 
-3.2 bpm for PBO (p<0.05) and 1.8 bpm for DULA.
Conclusion: In people with T2D, RETA demonstrated clinically 
meaningful improvements in glycaemic control and robust clinically 
meaningful body weight loss vs PBO and dulaglutide, with a safety 
profile consistent with GLP-1 receptor agonist and GIP/GLP-1 recep-
tor agonist classes.

Clinical Trial Registration Number: NCT04867785
Supported by: Eli Lilly and Company
Disclosure: T. Coskun: Employment/Consultancy; Employed by Eli 
Lilly and Company. Stock/Shareholding; Minor shareholder of Eli 
Lilly and Company.
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Once-weekly triple receptor (GIP/GLP-1/glucagon) agonist 
retatrutide (LY3437943): efficacy and safety in a 48-week obe-
sity phase 2 trial
A.M. Jastreboff1, L.M.  Kaplan2, J.P.  Frias3, Q.  Wu4, Y.  Du4, S. 
 Gurbuz4, T.  Coskun4, A.  Haupt4, Z.  Milicevic4, M.L.  Hartman4;
1Yale School of Medicine, New Haven, CT, USA, 2Harvard Medical 
School, Boston, MA, USA, 3Velocity Clinical Research, Los Angeles, 
CA, USA, 4Eli Lilly and Company, Indianapolis, IN, USA.

Background and aims: Nutrient-stimulated hormone-based phar-
macotherapeutics are advancing the treatment of obesity. Retatrutide 
(RETA) is a novel triple-agonist of the GIP, GLP-1 and glucagon 
receptors. A phase 1b study of RETA demonstrated up to 9.0 kg 
placebo-adjusted weight reduction over 12 weeks in participants with 
type 2 diabetes. We aimed to examine the efficacy and safety of RETA 
versus placebo for weight reduction in adults with obesity.
Materials and methods: This phase 2 trial randomly assigned adults aged 
18-75 years with BMI ≥30 kg/m2, or ≥27 kg/m2 and ≥1 weight-related con-
dition (type 2 diabetes excluded), to 48 weeks of once-weekly subcutaneous 
RETA (1, 4, 8 or 12 mg maintenance doses) or placebo. Gradual dose esca-
lation was employed to improve tolerability; two starting doses (2 mg and 
4 mg) were explored for doses greater than 1 mg. Primary outcome was % 
weight change vs. placebo from baseline to 24 weeks. Secondary outcomes 
assessed at 48 weeks included % change in body weight vs. placebo, % of 
participants reaching weight reduction targets and several additional meas-
ures relevant for cardiovascular risk. Differences in body weight change 
were explored in subgroups based on sex and BMI.
Results: Participants included 338 adults (48.2% female) with mean 
age 48.2 years and BMI 37.3 kg/m2. The mean % change in weight at 
24 weeks was −7.2 (RETA 1 mg), −12.9 (4 mg), −17.3 (8 mg), and 
-17.5 (12 mg) and −1.6 (placebo) (all p<0.001 versus placebo). The 
mean % change in weight at 48 weeks was −8.7 (RETA 1 mg), −17.1 (4 
mg), −22.8 (8 mg), and −24.2 (12 mg) and −2.1 (placebo) (all p<0.001 
versus placebo). At 48 weeks, weight reduction ≥10% and ≥15% was 
achieved in 91 and 75% (RETA 8 mg), and 93 and 83% (12 mg) and in 
9 and 2% (placebo) of participants (all p<0.001 versus placebo). Trends 
for greater % weight reduction were observed for women compared to 
men and for participants with BMI ≥35 kg/m2 compared to those with 
BMI <35 kg/m2. Improvements in waist circumference, lipids,  HbA1c, 
and blood pressure were observed with RETA. Most common adverse 
events were gastrointestinal (nausea, diarrhoea, vomiting), were mild-
to-moderate in severity, occurred primarily during dose-escalation, 
and were mitigated by a lower starting dose (2 mg vs 4 mg). Dose-
dependent increases in pulse rate (bpm) were observed at 48 weeks: 
1.7 (RETA 1 mg), 3.1 (4 mg), 4.7 (8 mg), and 6.0 (12 mg) and 0.4 
(placebo) (all except 1 mg group p<0.05 vs. placebo).
Conclusion: In participants with obesity, RETA was well-tolerated 
and provided substantial and clinically meaningful reductions in body 
weight and improvements in cardiovascular risk factors.

Clinical Trial Registration Number: NCT04881760
Supported by: Eli Lilly and Company

Disclosure: A.M. Jastreboff: Employment/Consultancy; Amgen; 
Scholar Rock. Grants; NIH/NIDDK. Other; scientific advisor for 
Boehringer Ingelheim, Eli Lilly, Intellihealth, Novo Nordisk, Pfizer, 
Rhythm Pharmaceuticals, Structure Therapeutics, Terns Pharmaceu-
ticals, and WW (formerly WeightWatchers).
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Efficacy of cotadutide dual GLP1-glucagon receptor agonist on 
albuminuria and glycaemic control in patients with diabetic kid-
ney disease
D. Robertson1, V.  Selverajah1, L.  Hansen2, L.  Jermutus1, K.  Smith1, 
C.  Frickleton2, A.  Coggi1, J.  Sanchez3, Y.-T.  Chang2, V.E.R.  Parker1;
1AstraZeneca, Cambridge, UK, 2AstraZeneca, Gaithersburg, MD, 
USA, 3AstraZeneca, Gothenburg, Sweden.

Background and aims: Cotadutide is a dual GLP1-glucagon receptor 
agonist under development for NASH and DKD. Achieving opti-
mal glycaemic control can be especially challenging in patients with 
DKD. We evaluated the effect of cotadutide on both renal and gly-
caemic endpoints in patients with DKD
Materials and methods: In this randomised, double-blind, phase 2b 
study, patients with DKD on insulin and/or oral therapy with HbA1c ≥ 
6.5 and ≤ 10.5, eGFR ≥ 20 and < 90 ml/min/1.73m2, urinary albumin 
creatinine ratio (UACR) ≥ 50 mg/g and BMI ≥ 25 (23 in Japan) kg/
m2 were treated for 26 weeks. Participants were randomised (n = 45 
per arm) to receive once-daily SC cotadutide titrated up to 100, 300 or 
600 μg, or placebo. Investigators were advised to adjust insulin doses 
as required and CGM was performed for 26 weeks. Study endpoints 
included UACR, measures of glucose control, and body weight
Results: The primary endpoint was met and dose-dependent reduc-
tions in UACR from baseline were observed after 26 weeks treatment 
with 300 and 600 μg of cotadutide, -39.9% (95% CI -52.5, -23.9) and 
-46.0% (95% CI -57.1, -32.1) vs placebo (P <0.001). Clinically and 
statistically significant reductions in HbA1c were seen at all dose 
levels (-0.89 -0.92%, p<0.05) alongside reduced 10-day average glu-
cose, glycaemic variability, and increased time spent in target range. 
There was no significant increase in time spent in hypoglycaemia. 
Insulin doses were reduced by 13-25% and body weight loss adjusted 
for insulin dose reduction was -5.4% and -7.35% at 300 μg and 600 
μg respectively at 26 weeks (p<0.003). SAEs were balanced across 
all arms and there were fewer AE related discontinuations at 100 and 
300 ug versus placebo, but more discontinuations were observed at 
600 μg in comparison to 100 μg, 300 μg, and placebo.
Conclusion: In patients with DKD, cotadutide promoted clinically 
important effects on UACR, glycaemic control, and body weight. The 
results suggest cotadutide has a potential to provide benefit on renal 
outcomes with holistic benefits on body weight and glycaemic control 
in patients with DKD, but larger studies are warranted.
Clinical Trial Registration Number: NCT04515849
Disclosure: D. Robertson: Employment/Consultancy; Employee of 
AZ. Stock/Shareholding; Shareholder at AZ.
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A Phase II, randomised, double-blind, placebo-controlled, dose-
finding study of BI 456906 in people living with overweight/obesity
C.W. Le Roux1, O.  Steen2, K.J.  Lucas3, L.  Borowska4, A.  Unseld5, 
E.  Startseva4;
1School of Medicine, University College Dublin, Dublin, Ireland, 
2LMC Diabetes & Endocrinology, Toronto, ON, Canada, 3Diabetes & 
Endocrinology Consultants PC, Morehead City, NC, USA, 4Boehringer 
Ingelheim International GmbH, Ingelheim, Germany, 5Boehringer 
Ingelheim Pharma GmbH & Co. KG, Biberach, Germany.
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Background and aims: Approved treatments for obesity include 
agents targeting the glucagon-like peptide-1 receptor (GLP-1R), 
which result in reduced food intake and delayed gastric emptying. BI 
456906 is a dual agonist that acts on glucagon receptors, to increase 
energy expenditure, and the GLP-1R, and may therefore improve 
therapeutic efficacy. This dose-finding study evaluated the efficacy 
and safety of BI 456906 in participants with overweight/obesity.
Materials and methods: This Phase II, double-blind, placebo-
controlled study was conducted in adults with BMI ≥27 kg/m2 and 
without diabetes. Eligible participants were randomised 1:1:1:1:1 to 
weekly subcutaneous BI 456906 (four dose groups: 0.6, 2.4, 3.6, 
4.8 mg) or placebo. The 46-week treatment period comprised a 
20-week dose escalation phase, with increases once every 2 weeks 
(fixed, Weeks 1-10, no dose adjustment permitted; flexible, Weeks 
11-20 [dose adjustment permitted based on tolerability of gastroin-
testinal adverse events]), followed by a 26-week maintenance phase 
(fixed dose). The primary endpoint was bodyweight change (%) from 
baseline at Week 46 to characterise the dose-response relationship 
for BI 456906. Secondary endpoints included absolute changes in 
bodyweight (kg), waist circumference (cm), systolic BP (mmHg) and 
diastolic BP (mmHg) from baseline at Week 46. A mixed model 
for repeated measurements (MMRM) was used to generate covariate 
adjusted fixed-effect estimates of absolute change over time for each 
continuous secondary endpoint.
Results: In total, 387 participants were randomised (treated set 
[TS], N=386; full analysis set [FAS], N=384; n≈77 per arm). 
Baseline demographics and clinical characteristics at trial entry 
were similar between study arms (FAS): 68.2% of participants 
were female, 78.4% were White, mean (SD) age was 49.1 (12.9) 
years, BMI 37.1 (6.1) kg/m2, bodyweight 105.7 (20.4) kg, waist 
circumference 113.4 (14.5) cm, systolic BP 125.6 (13.4) mmHg 
and diastolic BP 81.3 (7.8) mmHg. At Week 46, all tested BI 
456906 doses yielded a substantial placebo-corrected reduction 
from baseline in absolute bodyweight and waist circumference; 
the greatest mean reductions were seen in the 4.8 mg dose group 
(−15.8 kg and −12.1 cm, respectively; Table). Substantial pla-
cebo-corrected reductions in BP were also achieved at Week 46; 
the greatest mean reductions were −6.2 mmHg for systolic BP (3.6 
and 4.8 mg dose groups) and −2.9 mmHg for diastolic BP (4.8 mg 
dose group; Table).
Conclusion: Over 46 weeks, BI 456906 doses ≥2.4 mg substantially 
improved cardiometabolic outcomes in participants with overweight/
obesity.

Clinical Trial Registration Number: NCT04667377
Supported by: The study and medical writing support (Anna 
Wydra, OPEN Health Communications) were funded by Boehringer 
Ingelheim.

Disclosure: C.W. Le Roux: Lecture/other fees; has received personal 
fees from Boehringer Ingelheim, GI Dynamics, Herbalife, Johnson 
& Johnson, Keyron, Eli Lilly and Novo Nordisk outside the submit-
ted work.
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Phase 2, randomised, placebo-controlled trial of pemvidutide, 
a GLP-1/glucagon dual receptor agonist, in subjects with over-
weight or obesity: a 24-week interim analysis
L. Aronne1, M.S.  Harris2, M.S.  Roberts2, J.  Suschak2, S.  Tomah2, L. 
 He2, J.  Yang2, J.P.  Frias3, S.K.  Browne2;
1Weill Cornell Medicine, New York, NY, USA, 2Altimmune, Inc, 
Gaithersburg, MD, USA, 3Velocity Clinical Research, Los Angeles, 
CA, USA.

Background and aims: Pemvidutide is a long-acting GLP-1/gluca-
gon (GCG) dual receptor agonist in development for treatment of 
obesity and non-alcoholic steatohepatitis (NASH). It combines the 
anorexigenic effects of GLP-1R agonism with the increased energy 
expenditure and lipometabolic effects of GCG receptor agonism in 
a 1:1 potency ratio. Robust weight loss has been observed in Phase 
1 studies, with a 76% reduction in liver fat content in subjects with 
non-alcoholic fatty liver disease (NAFLD). We report a prespeci-
fied interim analysis of the MOMENTUM trial, an ongoing Phase 
2, randomized, placebo-controlled trial of subjects with overweight 
and obesity, that was conducted when 160 of 320 planned subjects 
completed 24 of 48 weeks of treatment.
Materials and methods: Subjects with obesity (BMI > 30.0 kg/
m2) or overweight (BMI 27.0-29.9 kg  m2) with at least one obe-
sity-related comorbidity were randomized 1:1:1:1 to pemvidutide 
(1.2, 1.8, 2.4 mg) or placebo administered subcutaneously weekly 
with adjunct lifestyle modification. The 1.2 and 1.8 mg doses 
were administered without dose titration. A short 4-week titration 
was employed at the 2.4 mg dose, but dose reduction for adverse 
events (AEs), as employed in trials of other GLP-1 based agents, 
was not allowed.
Results: Median age, body weight and BMI of subjects were 48 
yrs, 100 kg, and 36 kg/m2, respectively, with approximately 75% 
of subjects being female. All dose groups achieved significant 
weight loss at Week 24 (7.3%, 9.4% and 10.7% at 1.2, 1.8, and 2.4 
mg, respectively vs. 1.0% in placebo, (Table 1). Approximately 
50% achieved >10% and 20% achieved >15% weight loss at the 1.8 
and 2.4 mg doses. Significant improvements or trends in cardio-
metabolic risk factors, including waist circumference and serum 
lipids, were observed at all doses, with a > 5 mm Hg decrease in 
systolic blood pressure in the absence of an increase in heart rate 
at the 2.4 mg dose. Mild to moderate nausea occurred at rates 
consistent with other agents in the GLP-1 class and accounted 
for most adverse events (AEs), with dose-related AE discontinua-
tions mostly early in treatment. No significant changes in glucose 
homeostasis (fasting glucose, HbA1c) were observed at any dose.
Conclusion: Pemvidutide induced significant reductions in body 
weight and other cardiometabolic risk factors after 24 weeks of a 
48-week treatment period. The combination of significant weight 
loss and liver fat reduction is particularly attractive for patients 
with obesity and at-risk NASH. As in trials of other GLP-1 based 
agents, AE discontinuations could be reduced in future trials by 
allowance for dose reduction.

Clinical Trial Registration Number: NCT05295875
Disclosure: L. Aronne: Employment/Consultancy; Allurion, 
Altimmune, Atria, Gelesis, Jamieson Wellness, Janssen Pharma-
ceuticals, Jazz Pharmaceuticals, Novo Nordisk, Pfizer, Optum, Eli 
Lilly, Senda Biosciences, Versanis. Grants; Allurion, AstraZeneca, 
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Gelesis, Janssen Pharmaceuticals, Novo Nordisk, Eli Lilly. Stock/
Shareholding; Allurion, ERX Pharmaceuticals, Gelesis, Intelli-
health, Jamieson Wellness, Myos Corp. Other; ERX Pharmaceu-
ticals, Intellihealth, Jamieson Wellness.
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ZT-01, a somatostatin receptor 2 antagonist, increases glucagon 
response to hypoglycaemia in a phase 1b glycaemic clamp study 
in type 1 diabetes
A. Abitbol1, R.  Liggins2, S.  Peers3, E.  Simonson2, M.C.  Riddell4, 
M.  Midmer3;
1LMC Healthcare/Centricity Research, Toronto, ON, Canada, 
2Zucara Therapeutics, Vancouver, BC, Canada, 3Zucara Therapeu-
tics, Toronto, ON, Canada, 4York University, Toronto, ON, Canada.

Background and aims: A novel somatostatin receptor 2 antagonist, 
ZT-01, has the potential to prevent hypoglycemia by improving the 
defective counterregulatory response in T1D. This study evaluated 
the effect of ZT-01 on glucagon counterregulation during hypogly-
cemia in adults with Type 1 diabetes (T1D).
Materials and methods: ZT-01 pharmacodynamics were evaluated in a 
Phase 1b randomized, three-arm, double-blind crossover trial in 23 hypo-
glycemia aware adults with T1D. Participants underwent up to three hypo-
glycemic clamp procedures with 3 or 20 mg ZT-01 or placebo dosed 1-2 h 
prior to hypoglycemia in a stepwise glucose clamp using variable rate IV 
insulin infusion: euglycemia (5.0 ± 0.5 mmol/L, pre- and post-dose clamp 
periods A and B, respectively), level 1 (3.5 ± 0.3 mmol/L, clamp period 
C), and level 2 hypoglycemia (2.6 ± 0.2 mmol/L, clamp period D). Blood 
glucose and plasma glucagon were measured at 5 and 15 minute intervals, 
respectively, and 3 glucagon measures were determined in the final 15 min-
utes ending each clamp step, called the “stable phase”.
Results: Glycemic targets were achieved in the stable phase of each clamp 
step (figure A). The average clamp duration was 4 h 15 m with placebo, 
and 4 h 35 m for either ZT-01 dose, but not statistically different. Follow-
ing ZT-01, stable phase glucagon increased by 8.2 ± 7.7 and 17.0 ± 12.3 
pg/mL, in level 1 and level 2 hypoglycemia, respectively, compared with 
no increase in level 1 and a 5.1 ± 6.0 pg/mL increase in level 2 hypogly-
cemia with placebo (p<0.0001, figure B). The insulin dose required to 
induce hypoglycemia increased by 50% with ZT-01 (20 mg) compared 
to placebo (p=0.025). A counterregulatory response of increased glucose 
level coinciding with an increased glucagon level was observed more 
frequently with ZT-01 than placebo. No clinically significant effects on 
other counterregulatory hormones or hypoglycemia symptom scores were 
observed with ZT-01. A transient rise in glucagon and blood glucose was 
also observed post-dose following ZT-01 in euglycemia (period B). No 
SAEs were reported and no TEAEs were observed with ZT-01.
Conclusion: This study demonstrates proof-of-concept that ZT-01 sig-
nificantly enhances the defective glucagon counterregulatory response 
in people with T1D during level 1 and level 2 hypoglycemia.

Clinical Trial Registration Number: NCT05007977
Disclosure: A. Abitbol: Grants; Zucara Therapeutics.
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HIT4HYPOS CGM analysis: high intensity interval training 
reduces nocturnal hypoglycaemia in people with type 1 diabetes 
and impaired awareness of hypoglycaemia
C.M. Farrell1, G.  Cappon2, D.  West3, A.  Facchinetti2, R.J.  McCrimmon1;
1Systems Medicine, University of Dundee, Dundee, UK, 2Department 
of Information Engineering, University of Padova, Padova, Italy, 
3Faculty of Medical Sciences, Newcastle University, Newcastle, UK.

Background and aims: The benefits of exercise are unquestionable and regu-
lar exercise is recommended for people with T1D. However, fear of hypogly-
caemia is a well-recognised barrier. Impaired awareness of hypoglycaemia 
(IAH) in Type 1 diabetes (T1D) is a major risk factor for severe hypoglycae-
mia. Exercise is generally considered to increase the risk of hypoglycaemia, 
but this may not apply to all forms of exercise. High intensity interval training 
(HIIT) is an effective type of exercise where the effect on hypoglycaemia risk 
in people with T1D and IAH has not been reported to date. To address this 
question, we carried out a post-hoc analysis of continuous glucose monitor-
ing (CGM) data collected during a 4-week pilot, single centre, randomised 
parallel-group study using HIIT in people with T1D and IAH: HIT4HYPOS.
Materials and methods: Individuals (n=18) underwent a 4-week run-in 
period of insulin optimisation, before randomisation to HIIT (3 session 
per week [4 x 30 s cycle sprints separated by 2 min of recovery] to reach 
an intensity corresponding to ≥ 90% peak heart rate (HR) reached during 
 VO2Peak assessment) for 4 weeks plus use of real-time continuous glu-
cose monitoring (rtCGM), (HIIT+rtCGM) or Control (rtCGM alone). 
Participants in the HIIT+rtCGM group were given advice about insulin 
dose adjustment and carbohydrate intake for exercise based upon expert 
consensus guidance. HIIT sessions were carried out in a ‘real-world’ setting, 
unsupervised, at home or a gym, at a time that suited the participant. Raw 
CGM data were processed and analysed using the open-source software 
AGATA (Automated Glucose dATa Analysis), this allowed cleaning and 
data preparation, extract CGM-derived metrics in compliance with literature 
definitions and compare HIIT+rtCGM vs. rtCGM via ad-hoc statistical tests.
Results: Full CGM data sets were analysed for all participants over the 
4-week intervention period. All participants in the HIIT+rtCGM group 
completed 12 HIIT sessions and were able to achieve ≥ 90% peak HR. 
There were significantly more level 1, glucose 3.9-3.0 mmol/L, (1.58 vs. 0.21 
events/week, p < 0.05) and level 2, glucose < 3.0 mmol/L, nocturnal hypo-
glycaemic events (0.45 vs. 0.00 events/week, p < 0.05) in rtCGM compared 
with HIIT+rtCGM and duration was longer (level 1: 33.33 vs. 25.86 min, 
p = 0.34; level 2: 24.38 vs. 22.50 min, p = 0.50). We found no correlation 
between HIT and hypoglycaemia up to 4 hours post exercise. There was an 
increase in nocturnal time in hyperglycaemia (level 1: 23.16 vs. 26.55 %, p 
= 0.22; level 2: 7.11 vs. 14.86 %, p = 0.06) associated with HIIT. However, 
overall, during the 4-week intervention period, there was no significant dif-
ference in average glucose (8.92 vs. 8.92 mmol/l, p = 0.27), glucose mean 
indicator (7.15 vs. 7.16, p = 0.27), or glucose variability, in terms of coef-
ficient of variation (36.24 vs. 35.66, p = 0.64), between the two groups.
Conclusion: These findings suggest that HIIT does not increase 
the risk of post exercise or nocturnal hypoglycaemia. There was no 
increase in hypoglycaemia following HIIT or significant deterioration 
in overall glycaemic control. Together these findings suggest that 
HIIT may be a safe form of exercise in people with T1D and IAH and 
that it may protect from nocturnal hypoglycaemia.
Clinical Trial Registration Number: ISRCTN15373978
Supported by: Diabetes UK and JDRF
Disclosure: C.M. Farrell: Grants; Diabetes UK 17/0005591, JDRF 
3-SRA-2017-485-S-B.
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Targeted metabolomics of impaired awareness of hypoglycaemia 
in individuals with type 1 diabetes
B.H.R. Wolffenbuttel1, R.D.M.  Varkevisser1, A.  Cecil2, C.  Prehn2, 
D.  Mul3, H.-J.  Aanstoot3, M.M. Van der  Klauw1;

1Dept. of Endocrinology, University of Groningen, University Med 
Ctr Groningen, Groningen, Netherlands, 2Metabolomics and Prot-
eomics Core, Helmholtz Zentrum München, Neuherberg, Germany,
3Diabeter, Center for Focussed Diabetes Care and Research, Rot-
terdam, Netherlands.

Background and aims: Impaired awareness of hypoglycaemia (IAH) 
is a complication of insulin therapy that affects 20-40% of individuals 
with type 1 diabetes. IAH is partly explained by the absence of the sym-
pathoadrenal response and adaptations of the brain; however, the exact 
pathophysiology behind this attenuation is not yet fully understood. 
Metabolomics is a rapidly evolving field that uses high-throughput data 
to help identify patterns in disease states in a non-hypothesis-driven 
approach. In this study, we aimed to identify metabolic signatures in 
IAH to elucidate potential pathophysiological pathways.
Materials and methods: Individuals in the Dutch type 1 diabetes bio-
marker study who completed the Clarke questionnaire were included in 
this study. Individuals were excluded if they had cardiovascular disease 
or were non-western European. Plasma samples from individuals with 
IAH and age-sex-matched individuals without IAH (NAH) were ana-
lysed using the targeted Biocrates AbsoluteIDQ® p180 assay. Metabo-
lite data were analysed using MetaboAnalyst 5.0. After quality control, 
metabolite data were normalised, and general linear models adjusted 
for sex and diabetes duration were fitted using the limma package in R. 
Genome-wide association studies (GWAS) were then conducted with 
metabolites with p <0.05 and SNPs reaching genome-wide significance 
were re-introduced in the linear models as confounders.
Results: In total, 578 individuals completed the Clarke questionnaire. 
After exclusion, 67 individuals with IAH and 108 with NAH were 
selected for analysis. The median age was 44 years, with a diabetes 
duration of 23 years. Insulin dosage was 50 units per day, and the mean 
HbA1c was 60mmol/mol (7.6%). When adjusted for sex and diabetes 
duration, 10 metabolites were found to have p-values < 0.05. GWAS 
of these 10 metabolites led to genome-wide significant findings in two 
metabolites, sphingomyelin C24:1-OH and phosphatidylcholine diacyl 
C36:6, rs2071499 (G>A) on chromosome 1 and rs2876585 (C>T) on 
chromosome 6, respectively. When adjusted for the significant SNPs, 
11 metabolites reached p<0.05. No metabolites reached significance 
when p-values were adjusted for false discovery rate. These 11 metabo-
lites were sphingomyelins and phosphatidylcholines.
Conclusion: Phosphatidylcholines are metabolites important in the 
biosynthesis of sphingomyelin, which is an important component of 
the myelin sheath in nerve cells. However, potentially more impor-
tantly, these two metabolites are involved in the sphingomyelin cycle; 
this is in metabolic flux with the ceramide/diacylglycerol pool, which 
has previously been implicated in diabetes-related complications.
Supported by: JDRF, DFN, FoDF
Disclosure: B.H.R. Wolffenbuttel: Grants; Juvenile Diabetes Research 
Foundation, DiabetesFonds NL, Friends of Diabeter Foundation.
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ZT-01, a somatostatin receptor 2 antagonist (SSTR2a), increases 
pulsatile glucagon release during hypoglycaemia in type 1 
diabetes
R. Liggins1, A.  Abitbol2, M.C.  Riddell3, S.  Peers4, E.  Simonson1, 
M.  Midmer4;
1Zucara Therapeutics, Vancouver, BC, Canada, 2LMC Health-
care/Centricity Research, Toronto, ON, Canada, 3York University, 
Toronto, ON, Canada, 4Zucara Therapeutics, Toronto, ON, Canada.

Background and aims: Glucagon is released in a pulsatile manner 
to regulate glycemia, preventing hypoglycemia. Defective glucagon 
responsiveness to hypoglycemia is observed in many people living 
with Type 1 diabetes (T1D) within 5 years of diagnosis. A novel 
SSTR2, ZT-01, has the potential to increase glucagon secretion in 
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hypoglycemia. The purpose of this study was to examine if endog-
enous glucagon pulse frequency and pulse amplitude could be 
increased in hypoglycemia in T1D by the novel SSTR2a, ZT-01.
Materials and methods: ZT-01 was evaluated in a Phase 1b study, 
in which impaired glucagon counterregulation was increased dur-
ing hypoglycemia with treatment. In this randomized, three-arm, 
double-blind crossover trial in 23 adults with T1D of at least 5 
years’ duration, participants underwent hypoglycemic clamp pro-
cedures with 3 or 20 mg ZT-01, or placebo, dosed 1-2 h prior 
to stepwise hypoglycemia induction with variable rate IV insu-
lin infusion without exogenous glucose: euglycemia (5.0 ± 0.5 
mmol/L), Level 1 (3.5 ± 0.3 mmol/L), and Level 2 hypoglycemia 
(2.6 ± 0.2 mmol/L). Blood glucose and plasma glucagon were 
measured at 5- and ~15-minute intervals, respectively, along with 
3 glucagon measurements within 15 minutes once target glycemia 
was achieved at each step. The frequency and amplitude of gluca-
gon increases (pulses) were determined.
Results: Pulsatile increases in glucagon were observed in most 
participants during hypoglycemic clamp steps. Pulse frequency 
and amplitude were treatment-dependent. Glucagon pulse ampli-
tude causing a rise in blood glucose had a median (IQR) value of 
15.8 (12.1 - 29.3) pg/mL. Glucagon pulse amplitude and frequency 
of pulses of at least 10 pg/mL were both increased, and tended 
to occur earlier in the clamps with treatment. The blood glucose 
threshold for glucagon release (level at the start of each pulse) was 
not affected by treatment. However, a rise in glucose level (≥0.8 
mmol/L over 20 minutes), coinciding with a glucagon pulse, was 
observed in 50% of 20 mg ZT-01 treatment clamps compared to 
20% of clamps with placebo. Increases in blood glucose values 
coinciding with the peak glucagon value during the Level 2 hypo-
glycemia clamp step also increased for ZT-01 versus placebo (2.8 
vs 3.3 mmol/L, p<0.05). Glucagon exposure during the Level 2 
hypoglycemia clamp step (average plasma level over time) increased 
over baseline to 14.4 pg/mL with ZT-01 (20 mg dose) compared to 
1.9 pg/mL with placebo (p<0.0001). These average values do not 
fully reflect the glucagon response, as peak (Cmax) values during 
Level 2 hypoglycemia clamp step increased on average to 27.1 pg/
mL with ZT-01 compared to 8.4 pg/mL (placebo) (p<0.0001).
Conclusion: ZT-01 enhanced the magnitude, amplitude and onset of 
glucagon pulsatility during hypoglycemia in adults with T1D, a novel 
finding associated with observations of glucose counterregulation.

Clinical Trial Registration Number: NCT05007977
Disclosure: R. Liggins: Employment/Consultancy; Zucara Therapeu-
tics Inc.; Stock/Shareholding; Zucara Therapeutics Inc.
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Meta-genome-wide association studies identify potential SNPs 
and enriched pathways for impaired awareness of hypoglycaemia
M.M. van der Klauw1, R.D.M.  Varkevisser1, N.  Ali2, A.  Alaswad3, 
IAH GWAS research group, Dutch Diabetes Pearl Genomics 

consortium, C.-J.  Xu3, Y.  Li3, C.J.  Tack2, B.H.R.  Wolffenbuttel1, 
B.E. De  Galan2,4;
1Department of Endocrinology, University Medical Center Gro-
ningen, Groningen, Netherlands, 2Department of Internal Medi-
cine, Radboud University Medical Center, Nijmegen, Netherlands, 
3Department of Computational Biology of Individualized Infection 
Medicine, Helmholtz Centre for Infection Research / Centre for Indi-
vidualized Infection Medicine, Hannover, Germany, 4Department of 
Internal Medicine, Maastricht University Medical Center, Maastricht, 
Netherlands.

Background and aims: There is evidence that genetic factors play a 
role in impaired awareness of hypoglycemia (IAH), but findings are 
limited and partly controversial. The aim of the present study was 
therefore to identify genetic determinants of IAH in individuals with 
diabetes mellitus using genome-wide association.
Materials and methods: Genome-wide association meta-analyses 
were conducted for the presence of IAH. Three independent cohorts 
were involved including the Radboud University Medical Center type 
1 diabetes cohort, the Biomarkers of heterogeneity in type 1 diabetes 
cohort, and the type 2 diabetes Dutch Diabetes Pearl cohort. IAH was 
assessed using the clamp-validated modified Dutch Clarke question-
naire score, and the blood glucose levels at which patients start to 
feel hypoglycaemic symptoms. DNA samples were genotyped with 
the Illumina GSA v1 or v3 chip, imputed to the Haplotype Reference 
Consortium, and meta-analysed using METAL.
Results: A total of 1,087 patients with type 1 and 1,734 patients with 
type 2 diabetes were included. In individuals with type 1 diabetes a SNP 
on chromosome 5 coding for CTC-546K23.1 reached genome-wide 
significance for the question “How low is your blood glucose before 
you feel hypoglycaemia symptoms?” (p=3.32e-8). Although a func-
tion has yet to be described, GTEx (v8) expression data shows higher 
expression of CTC-546K23.1 in brain-related tissue compared to other 
tissues. In the meta-analyses for the presence of IAH and the Clarke 
score no genome-wide significant SNPs were found. However, SNPs of 
potential genome-wide interest (P<5e-6) were identified, and lead SNPs 
mapped to protein-coding genes. Enrichment analysis of genes mapped 
with SNPs of genome-wide interest revealed some potentially enriched 
KEGG and Reactome pathways, as well as gene ontology (GO) terms. 
Amongst the enriched pathways were those involving neural regulation 
and development, and genes involved in the renin-angiotensin system. 
Similarly, enriched GO terms included processes of neural development 
and regulation, and regulation of systemic arterial blood pressure.
Conclusion: Genome-wide association meta-analyses of IAH show 
that there are genetic determinants of IAH, whose function remains 
largely unknown.
Supported by: JDRF, DFN, FoDF, AZ, NN, P, SA, NWO
Disclosure: M.M. van der Klauw: Grants; Juvenile Diabetes 
Research Foundation, Dutch Diabetes Research Foundation, Astra-
Zeneca, Novo Nordisk, Pfizer, Sanofi Aventis, Netherlands Organisa-
tion for Scientific Research.
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Reduced defensive responses to hypoglycaemia are associated 
with a loss of neuronal activation in the dorsomedial hypothala-
mus in mice
L. Sheppard1, E.  Staricoff1, E.  Naden1, M.  Josipovic1, C.  Riches1, 
B. de  Galan2, B.  Thorens3, U. Pedersen-Bjergaard4,5, A.  McNeilly6, 
R.  McCrimmon6, M.  Evans1;
1University of Cambridge, Cambridge, UK, 2Department of Internal 
Medicine, Radboud university medical centre, Nijmegen, Nether-
lands, 3University of Lausanne, Lausanne, Switzerland, 4Department 
of Endocrinology and Nephrology, Nordsjællands Hospital, Hillerød, 
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Denmark, 5Institute of Clinical Medicine, University of Copenhagen, 
Copenhagen, Denmark, 6University of Dundee, Dundee, UK.
Background and aims: Recurrent insulin-induced hypoglycaemia 
can result in impaired hormonal responses to subsequent events of 
low blood glucose, often termed HAAF (Hypoglycaemia Associ-
ated Autonomic Failure). To determine possible underlying central 
mediators, we validated and examined a mouse model of HAAF for 
neuronal activation patterns.
Materials and methods: Male C57BL/6J mice 6-8 weeks of age 
underwent surgery for the implantation of carotid artery and jugular 
vein catheters. Following recovery, mice underwent 4 sequential daily 
SC injections of either Aspart insulin (1.5 U/kg) to create recur-
rent hypoglycaemia (RH, n=6) or saline control (SAL, n=6). On day 
5, free moving conscious mice underwent a 2h hyperinsulinaemic 
(Aspart, 10 mU/kg/min) hypoglycaemic clamp (plasma glucose 3.1 + 
0.1 mM) with donor erythrocyte infusion to allow sample collection 
for later hormonal measures. Following perfusion-fixation at the end 
of the clamp studies, brains were collected, cleared and immunola-
belled, after which they were rehydrated and embedded in paraffin. 
Hypothalamic sections were examined for cFos, a marker serving as 
proxy for neuronal activation.
Results: Consistent with the development of HAAF, adrenaline (0.7 
+ 0.2 vs 1.2 + 0.1 ng/ml, p=0.01) and glucagon (137 + 65 vs 393 
+ 45 pg/ml, p=0.01) responses to hypoglycaemia were lower in RH 
compared with SAL mice. We observed hypoglycaemia-induced dis-
crete cFos activation in the dorsal area of dorsomedial hypothalamus 
(dDMH) in SAL mice but with marked blunting of responses in RH. 
Furthermore, the levels of cFos activation positively correlated with 
adrenaline responses to hypoglycaemia (Spearman p=0.02).
Conclusion: Our data identify the dDMH as a novel hypoglycaemia-
responsive brain area with neuronal activation correlated to adren-
aline responses to low glucose. We speculate that HAAF may be 
explained by RH-induced adaptations in this area, potentially offering 
a future therapeutic target.

Disclosure: L. Sheppard: Grants; This work was supported by the 
Innovative Medicines Initiative 2 Joint Undertaking (JU) under grant 
agreement No 777460. The JU receives support from the European 
Union’s Horizon 2020 research program.

OP 12 Diabetes and the brain
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Associations of lower time in range with cognitive dysfunction 
and hippocampal damage in adults with type 2 diabetes
Z. Zhang, C. Yu, Y. Bi;
Endocrinology, Endocrine and Metabolic Disease Medical Center, 
Affiliated Drum Tower Hospital, Medical School, Nanjing University, 
Nanjing, China.
Background and aims: Accumulating evidence has suggested time 
in range (TIR) is associated with the risk of diabetic microvascular 
and macrovascular complications. This study aimed to investigate the 
cross-sectional associations between TIR and cognitive dysfunction, 
as well as the underlying hippocampal manifestations in patients with 
type 2 diabetes.
Materials and methods: A total of 510 participants with type 2 
diabetes who completed continuous glucose monitoring and com-
prehensive cognitive evaluations were enrolled. Among them, 100 
patients with normal cognition underwent 3.0T magnetic resonance 
imaging to assess brain structural and functional changes.
Results: The prevalence of mild cognitive impairment (MCI) was 
found to be significantly associated with lower TIR quartiles (P for 
trend <0.001). The multivariable-adjusted odds ratios (ORs) of MCI 
associated with TIR quartiles (Q1: ≥88% [reference group], Q2: 
71-87%, Q3: 51-70%, Q4: <51%) were 1.00, 1.60 (95% CI: 0.66-
3.83), 3.02 (95% CI: 1.14-8.04), and 7.67 (95% CI: 2.56-23.02) 
respectively (P for trend <0.001). Furthermore, the multivariable-
adjusted OR for every 10% decrease in TIR was 1.36 (95% CI 1.20-
1.52) for MCI. Decreased TIR was associated with cognitive decline 
in immediate memory, language, attention, delayed memory and pro-
cessing speed. Importantly, cognitively normal patients with lower 
TIR showed reduced volume of left hippocampal subregions and 
decreased activation of the right parahippocampal gyrus, and these 
hippocampal alterations mediated the association between lower TIR 
and cognitive dysfunction
Conclusion: Lower TIR is associated with the elevated prevalence 
of cognitive impairment in individuals with type 2 diabetes, and 
such association is mediated by hippocampal damage in type 2 
diabetes. These findings underscore the clinical relevance of better 
TIR attainment could be beneficial for preserving cognitive func-
tion and brain integrity in type 2 diabetes.

Clinical Trial Registration Number: NCT02738671
Supported by: National Natural Science Foundation of China Grant 
Awards (82000775)
Disclosure: Z. Zhang: None.
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68
Decreased cerebral glucose and increased cerebral fatty acid 
utilisation during fasting in type 2 diabetes
M. Schain1, E.  Johansson1, I.  Laitinen1, A. Frödén Löwenmark1, 
M.  Lubberink2, A.  Gummesson3, P.  Nuutila4, R.  Esterline5, J. 
 Oscarsson6, L.  Johansson1, K.  Heurling1;
1Antaros Medical AB, Mölndal, Sweden, 2Department of Surgical 
Sciences, Radiology, Uppsala University, Uppsala, Sweden, 3Depart-
ment of Molecular and Clinical Medicine, University of Gothenburg, 
Gothenburg, Sweden, 4Turku PET Centre, University of Turku and 
Turku University Hospital, Turku, Finland, 5AstraZeneca, Gaithers-
burg, MD, USA, 6AstraZeneca, Gothenburg, Sweden.

Background and aims: Epidemiological studies show that type 2 
diabetes (T2D) increases the risk of developing Alzheimer’s Disease 
(AD). Alzheimer’s disease is associated with brain hypometabolism. It 
has been hypothesized that T2D and peripheral insulin resistance also 
manifest brain hypometabolism, and that central metabolic alterations 
constitutes a link between T2D and AD. The aim of the current study 
was to assess whether metabolic alterations are present in the brain of 
obese individuals with or without T2D using PET imaging with  [18F]
FDG and  [18F]FTHA (radiolabelled glucose, and fatty acid analogues).
Materials and methods: Thirty-eight subjects were included (10 with T2D, 
13 with obesity but without clinical diagnosis of T2D, and 15 lean controls). 
Subjects diagnosed with AD or cognitive dysfunction (MMSE<27) were 
excluded. Participants underwent  [18F]FDG and  [18F]FTHA brain PET 
imaging following 6 hours of fasting, to measure glucose and fatty acid 
utilization, using a 3T PET/MR system. Cerebral perfusion was assessed 
via arterial spin-labelling MRI, and single-voxel 1H-MRS was employed to 
measure metabolites (N-acetyl aspartate, choline, myo-inositol) in selected 
regions. Several markers of neurodegeneration were derived from cerebro-
spinal fluid (CSF) samples, including P-Tau, T-Tau, Abeta 1-40 and Abeta 
1-42. Subjects were genotyped for the APoE4 allele.
Results: Glucose uptake in grey matter (GM) (Fig 1A) was lower among 
T2D than in controls (p=.01) and obese participants (p=.004), and cor-
related negatively with insulin resistance measured with HOMA-IR 
(p<.05). Fatty acid uptake rate in white matter (WM) was higher in the 
T2D group than in the controls (p=.03), but no statistical difference was 
found in GM (Fig 1A). Cerebral perfusion was lower in both GM and 
WM in T2D (p=.003 and .01), and obese (p=.006 and .02) participants 
compared to controls (Fig 1B). No differences were observed on any of 
the metabolites studied MRS or on the CSF markers.
Conclusion: Cerebral glucose hypometabolism during fasting is well-
documented in AD. We here show that brain glucose utilization was also 
lower in participants with T2D without cognitive impairment and cor-
related with peripheral insulin resistance. Reduced blood flow may be a 
consequence of the lower oxygen demand following decreased glucose 
consumption. Increased uptake of fatty acids could be a compensatory 
mechanism for the impaired glucose utilisation. Metabolic imaging could 
be useful to study whether antidiabetic drugs attenuate brain metabolic 
alterations and thereby prevent or revert cognitive dysfunction.

69
The role of microglial SCAP in diabetes-associated cognitive 
dysfunction
W. Zhu1, H.  Zhang2, T.  Niu1, K.  Liu1, S.  Wang1;
1Department of Endocrinology, Southeast University, Nanjing, 
China, 2Department of Endocrinology, The First Affiliated Hospital 
of USTC, Division of Life Sciences and Medicine, University of Sci-
ence and Technology of China, Hefei, China.

Background and aims: Diabetic patients with disrupted cholesterol 
metabolism are at significantly increased risk of cognitive impair-
ment, and Sterol Regulatory Element-Binding Protein (SREBP) 
cleavage-activating protein (SCAP) is a cholesterol sensor that may 
serve as a signal hub integrating cholesterol metabolism and inflam-
matory immune regulation with broad functional effects in metabolic 
disorders. Here, we examined the effect of microglia-specific SCAP 
in diabetes-associated cognitive dysfunction (DACD)
Materials and methods: We generated microglia-specific knock-
out of SCAP (mSCAP) using the Cre-loxP recombinase system, 
as well as  SCAPflox/flox controls from the same litter. Both groups 
were fed either a normal diet or a 60% high-fat diet for 24 weeks 
to induce DACD. We evaluated learning and memory function by 
Morris water maze, Open Field Test, Y maze and Novel object rec-
ognition test; We used confocal microscopy and image J to scan and 
3D reconstruct microglial cells to assess microglial cell morphol-
ogy and polarization phenotype in the hippocampal tissue of each 
group of mice; We isolated primary microglial cells from adult mice 
using Miltenyi Biote mouse CD11b separation beads and measured 
expression of inflammatory responses; We examined neuronal and 
synaptic damage, cholesterol synthesis and inflammatory responses 
by detecting the expressions of related proteins and RNA. In addi-
tion, we transfected BV2 cells with a slow virus containing SCAP 
fragments for in vitro validation of in vivo experimental results. 
Finally, we used immunofluorescence and chromatin immunopre-
cipitation to confirm the direct interaction mechanism between the 
SCAP/SREBP2 and NF-kB inflammatory signaling pathways.
Results: In DACD mice, hippocampal and microglial SCAP levels 
were abnormally elevated, while microglial-specific knockout of 
SCAP showed a protective effect on cognitive function and neuronal 
damage induced by diabetes. Interestingly, mSCAP mice were shown 
to effectively increase microglial branching and reduce metabolic 
inflammation in DACD mice, as well as reduce M1 polarization 
of microglial cells. Further molecular analysis revealed that SCAP 
specifically recruited the transcription factor SREBP2 to the Golgi 
apparatus, further mature SREBP2 entered the nucleus and directly 
activated the NF-kB inflammatory signaling pathway, thereby pro-
moting the release of inflammatory factors.
Conclusion: SCAP/SREBP2 is involved in the occurrence and devel-
opment of DACD by directly activating the NF-kB signaling pathway 
and mediating microglial inflammation. Inhibiting microglial SCAP 
may become a new strategy for treating DACD.
Supported by: NSFC No. 81870568
Disclosure: W. Zhu: None.

70
Intracerebrospinal fluid AAV-FGF21 gene therapy prevents high 
fat diet-associated cognitive decline in mice
I. Grass1,2, I.  Elias1,2, V.  Sacristan1,2, A.  Ribera1,2, C.  Jambrina1,2, E. 
Casaña1,2, V.  Jimenez1,2, F.  Bosch1,2;
1Center of Animal Biotechnology and Gene Therapy (CBATEG), 
Universitat Autonoma de Barcelona, Bellaterra, Spain, 2Centro de 
Investigación Biomédica en Red de Diabetes y Enfermedades Meta-
bólicas Asociadas, (ciberdem), Spain.

Clinical Trial Registration Number: 2019-03454 (EC Sweden)
Supported by: This study was partially funded by AZ
Disclosure: M. Schain: None.
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Background and aims: Type 2 diabetic and obese patients have 
a higher risk of dementia and loss of cognitive ability. Currently, 
there is no effective treatment for these associated cognitive deficits. 
Fibroblast growth factor 21 (FGF21) has been described to reduce 
cognitive decline in pre-clinical animal models. Here, we assessed 
the therapeutic potential of AAV-mediated gene transfer of FGF21 to 
the CNS, by intra-cerebrospinal fluid (CSF) administration, to treat 
obesity, diabetes, and the associated cognitive deficits.
Materials and methods: Two-month-old C57Bl6 mice were fed 
either a chow or a HFD for 14 months. Animals were administered 
intra-CSF with adeno-associated viral (AAV) vectors carrying a 
murine FGF21 coding sequence (AAV-FGF21). Nine months after 
the treatment different behavioural tests were performed.
Results: In addition to reversion of obesity and insulin resistance, 
intra-CSF administration of AAV-FGF21 in HFD-fed mice also 
counteracted the obesity-associated cognitive decline. Treatment 
with AAV-FGF21 prevented short-term and long-term memory loss, 
improved learning capacity and decreased anxiety-like behaviour. 
These therapeutic benefits were mediated, at least in part, by reduc-
tion of astrogliosis, increase of BDNF levels, and enhancement of 
PI3K-PDK1-AKT signalling pathway in the hippocampus.
Conclusion: All these results underscore the potential of brain-
derived AAV-FGF21 gene therapy to treat obesity, insulin resistance, 
T2D, and associated cognitive decline.
Supported by: MINECO and FEDER, EU (SAF2017-86266R and 
PRE2018-084309) PID2020-113864RB-I00;2017 SGR1508; ICREA
Disclosure: I. Grass: None.
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Remnant cholesterol is an independent risk factor for dementia 
in patients with type 2 diabetes: a nationwide population-based 
cohort study
H. Jung1, J.  Huh1, E.  Rho1, S.  Lee1, S.-H.  Ihm1, K.-D.  Han2, J. 
 Kang1;
1Hallym University Sacred Heart Hospital, Anyang-si, Gyeonggi-do, 
Republic of Korea, 2Soongsil University, Seoul, Republic of Korea.

Background and aims: No study to date has longitudinally evaluated 
the effect of remnant cholesterol (remnant-C) on incident dementia in 
patients with type 2 diabetes (T2D). This retrospective study investi-
gated the association between remnant-C levels and the development 
of dementia in Korean patients with T2D.
Materials and methods: Participants were 2,621,596 patients with 
T2D aged ≥40 years who underwent the national health screening 
in 2009-2011 and they were followed until 2020. Cox regression 
analyses were used to calculate hazard ratios (HRs) for all-cause, 
Alzheimer’s, and vascular dementia in each quartile of remnant-C, 
adjusting for conventional risk factors for dementia.
Results: During a median follow-up of 10.3 years, 146,991 (5.6%), 
117,739 (4.5%), and 14,536 (0.6%) developed all-cause, Alzheimer’s, 
and vascular dementia, respectively. The risk of dementia increased pro-
gressively with higher remnant-C levels. Compared to the lowest quartile 
of remnant-C, HRs in the highest quartile were 1.11 (95% confidence 
interval [CI], 1.09-1.13), 1.11 (1.08-1.13), and 1.15 (1.09-1.21) for all-
cause, Alzheimer’s, and vascular dementia, respectively. The increased 
risk of dementia with higher remnant-C was more pronounced in younger 
than in older patients (HRs for all-cause dementia, 1.52 [95% CI, 1.36-
1.69] in age 40-49, 1.17 [1.11-1.23] in age 50-59, 1.11 [1.08-1.14] in age 
60-69, and 1.08 [1.05-1.10] in ≥70 years, respectively).
Conclusion: Higher remnant-C levels were associated with an 
increased risk of dementia in patients with T2D. This association 
was independent of traditional risk factors for dementia and was more 
pronounced in the younger patients. This implicates remnant-C as a 
novel risk factor for dementia.

Disclosure: H. Jung: None.
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An assessment of factors contributing to the decline in risk of 
stroke complicating type 2 diabetes over recent decades: the Fre-
mantle Diabetes Study
T.M.E. Davis, W.A. Davis;
University of Western Australia, Fremantle, Australia.

Background and aims: We have reported previously that the 5-year 
incidence of fatal/non-fatal stroke almost halved in the 15 years 
between the Fremantle Diabetes Study Phase 1 (FDS1: n=1291 
recruited 1993-96; mean age 64 years, 49% males) and Phase 2 
(FDS2: n=1509 recruited 2008-11; mean age 65 years 52% males). 
The aim of this study was to examine whether this reflected temporal 
changes in cerebrovascular disease risk factors and their management.
Materials and methods: The FDS is a community-based longitudi-
nal observational study of diabetes involving representative cohorts 
from a postcode-defined typical urban Australian population. FDS1 
and FDS2 participants with type 2 diabetes were followed for first 
ever hospitalisation for stroke or death over 10 years from study entry. 
Cox regression generated hazard ratios (HRs) for incident stroke in 
FDS1, FDS2 and the combined cohort. The proportional hazards 
assumption was assessed and, when violated, adjusted for by adding 
significant time-varying covariates.
Results: The 10-year incidence rates (95% CI) for stroke in FDS1 
versus FDS2 were 12.4 (10.4, 14.7) versus 6.6 (5.3, 8.2) /1,000 per-
son-years (incident rate ratio for FDS2 versus FDS1 0.54 (0.40, 0.71), 
P<0.001). The independent baseline associates for first stroke are 
shown in the table (*denotes time-varying variable). For FDS1 and 
FDS2 considered separately, common risk factors were increasing 
age and ln(urinary albumin:creatinine (uACR)). Other independent 
associates were atrial fibrillation/flutter (AF), warfarin use and Charl-
son Comorbidity Index (CCI) ≥3 in FDS1 and heart rate and prior 
cerebrovascular disease (CVD) in FDS2. In the pooled FDS1+FDS2 
cohort, older age, ln(uACR), AF and prior CVD were independent 
associates, as were use of lipid modifying medication (protective) 
and peripheral arterial disease. When FDS2 was added to the pooled 
model, it was statistically significant and displaced lipid-modifying 
medication use.
Conclusion: These long-term data confirm the substantial reduc-
tion in stroke complicating type 2 diabetes between FDS phases, but 
indicate that microalbuminuria and AF remain potentially modifiable 
risk factors. The independent association between FDS2 participation 
and incident first stroke in the combined analysis suggests that there 
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is a true FDS phase-specific difference after adjusting for confound-
ing variables. This is partly explained by the greater use of lipid-
modifying medications in FDS2 versus FDS1.

Supported by: Raine Foundation University of Western Australia, 
NHMRC project grants 513781 and 1042231
Disclosure: T.M.E. Davis: None.

OP 13 Concerning insulin resistance
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Insulin resistance is associated with unbalanced GIP and GLP-1 
secretion
G. Di Giuseppe1,2, G.  Ciccarelli1, L.  Soldovieri1, M.  Brunetti1, F. 
 Cinti1, S.  Moffa1, U.  Capece1, A.  Mari3, J.J.  Holst4, A.  Giaccari1, 
T.  Mezza5;
1Endocrinology and Diabetology Unit, University Hospital Agostino 
Gemelli, Rome, Italy, 2Department of Biomedical Sciences, Univer-
sity of Copenhagen, Copenhagen, Denmark, 3National Research 
Council of Italy, Padua, Italy, 4Novo Nordisk Foundation Centre for 
Basic Metabolic Research, University of Copenhagen, Copenhagen, 
Denmark, 5Pancreas Unit - Digestive Disease Center, University Hos-
pital Agostino Gemelli, Rome, Italy.

Background and aims: The incretin hormones GIP and GLP-1 exert 
a fundamental role in glucose homeostasis after a meal, since their 
insulinotropic effect on beta-cells. However, it is still debated if modi-
fications in GIP and GLP-1 secretion can affect the metabolic state, as 
well as their relative contribution to the dynamics of incretin-induced 
insulin secretion. In this study we aimed to explore the relative contri-
bution of GIP and GLP-1 secretion and GIP/GLP-1 ratio on glucose 
metabolism and beta-cell function in a cohort of non-diabetic and 
newly diagnosed type 2 diabetic (T2D) subjects.
Materials and methods: 41 subjects with no previous diagnosis of 
T2DM and not on antidiabetic treatments were divided into 3 groups 
according to glucose tolerance calculated during an oral glucose tol-
erance test (OGTT): non glucose tolerant (NGT, n=12), impaired 
glucose tolerant (IGT, n=12), and type 2 diabetic (T2D, n=17). All 
subjects underwent a 4h mixed meal test (MMT) and glucose, insu-
lin, c-peptide, GIP and GLP-1 levels were assessed every 30 min. 
To compare incretin secretion among the 3 groups, we performed a 
third-level interaction analysis by including a product term of time 
× glucose tolerance in the model. Further, we calculated the GIP/
GLP-1 Secretion Ratio (GIP/GLP-1 SR) for each timepoint normal-
ized for basal levels and the AUC of the ratio of GIP and GLP-1 
secretion. Further, all subjects underwent a euglycemic hyperinsu-
linemic clamp to measure whole-body peripheral glucose utilization 
(M-value, mg·kg-1·min-1), an index of insulin sensitivity.
Results: As expected, during MMT we observed higher glucose 
levels in T2D subjects compared to NGT and IGT (p<0.01 for 
interaction), while insulin and c-peptide secretion showed a non-
significant decreasing trend in T2D subjects compared to the other 2 
groups (p=0.10 and p=0.21 respectively for interaction). Further, we 
observed a trend of decreasing GIP secretion in IGT and T2D sub-
jects compared to NGT, but not statistically significant (p=0.08 for 
interaction), whereas no differences in GLP-1 secretion were detected 
among the 3 groups (p=0.65 for interaction). Moreover, IGT and T2D 
groups showed a reduced GIP/GLP-1 SR compared to NGT (p=0.02 
for interaction). Interestingly, we found that the AUC of GIP/GLP-1 
SR was positively correlated with the M-value (R=0.45, p=0.01).
Conclusion: Our data show that, rather than an altered secretion of 
the incretin hormones per se, insulin resistance is associated with 
an imbalance in the dynamics of incretin secretion overall after a 
meal. In particular, the GIP/GLP-1 SR appears to be an early marker 
of impaired glucose homeostasis in the time course towards type 2 
diabetes. Further studies are needed to investigate whether the altered 
GIP/GLP-1 secretion is the cause or the effect of altered beta-cell 
incretin sensitivity and the potential metabolic and extrapancreatic 
effects of unbalanced incretin secretion.
Supported by: EFSD/AZ Mentorship Programme
Disclosure: G. Di Giuseppe: None.
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The relative contribution of insulin secretion and insulin sensitiv-
ity in the progression to type 2 diabetes in Asians
M.H. Lee1, E.  Febriana1, M.  Lim1,2, S.  Jin3, A.R.  Cook3, S.  Baig1, 
I.Y.H.  Ang3, A.  Nastar4, J.B.  Halter1,5, F.  Magkos6, S.-A.  Toh2,7;
1Medicine, National University of Singapore, Singapore, Singapore, 
2Medicine, National University Hospital, Singapore, Singapore, 
3National University of Singapore, Singapore, Singapore, 4Alexandra 
Hospital, Singapore, Singapore, 5University of Michigan, Ann Arbor, 
MI, USA, 6Nutrition, Exercise and Sports, University of Copenhagen, 
Copenhagen, Denmark, 7NOVI Health, Singapore, Singapore.

Background and aims: Type 2 diabetes (T2D) is highly prevalent 
in Asia. A clearer understanding of its pathophysiology will have 
far-reaching implications for reducing disease burden. However, cur-
rently there are conflicting reports on the roles of insulin secretion 
and action in T2D progression. In this study, we assessed the relative 
contribution of inadequate insulin secretion and insulin resistance 
in the progression to T2D over 3 years in an Asian population using 
dynamic gold-standard measures.
Materials and methods: We recruited 1679 non-diabetic Asians 
from a multi-ethnic population in Singapore. Participants underwent 
an oral glucose tolerance test, an intravenous glucose challenge and 
a hyperinsulinemic-euglycemic clamp procedure to determine glu-
cose tolerance, insulin secretion (acute insulin response) and insu-
lin sensitivity (M-value over insulin concentration) at baseline and 
follow-up. 1248 out of the 1679 participants completed the study 
and were divided into four groups, based on the absence (n=477) 
or the presence of impaired insulin secretion (IIS, n=200), insulin 
resistance (IR, n=477), or combined IIS-IR (n=94). Cox’s propor-
tional hazards model was used to estimate hazard ratios (HR) for 
T2D. The population attributable fraction (PAF) due to IIS, IR, or 
combined IIS-IR were also calculated. Repeated measures ANOVA 
was used to assess the longitudinal changes of insulin secretion and 
sensitivity between the baseline and follow-up visits.
Results: 77 out of the 1248 completers progressed to T2D. The 
mean follow-up period was 3.0 years. At baseline, isolated IIS was 
associated with higher percentage of females and a lower BMI 
(~23 kg/m2), whereas IR, whether isolated or combined with IIS, 
was associated with a higher BMI (>26 kg/m2). Participants with 
combined IIS-IR had the highest blood glucose concentrations. 
The HRs (95% CI) for T2D adjusted for age, sex, BMI and ethnic 
group, were 19.4 (4.4, 85.1) for isolated IIS, 9.9 (2.3, 42.3) for 
isolated IR, and 67.9 (16.2, 285.3) for combined IIS-IR. The cor-
responding PAFs (95% CI) were 18.5% (15.1, 19.3), 30.4% (19.2, 
33.0), and 43.5% (41.4, 44.0), respectively. The ability to upregu-
late insulin secretion in response to a decrease in insulin sensi-
tivity in the normal and the isolated IIS groups, or to upregulate 
insulin sensitivity in the isolated IR and combined IIS-IR groups, 
was associated with non-conversion to T2D.
Conclusion: While isolated IIS increases risk for T2D conversion 
by about 2-fold compared to isolated IR, both defects are critically 
important in the progression of the disease, with their combination 
conferring the greatest risk. Depending on the underlying pathophysi-
ological defect, different intervention strategies may be needed to 
prevent T2D progression in Asians.
Clinical Trial Registration Number: NCT02838693
Supported by: NMRC and Ministry of Health IAF (Singapore), and 
Janssen Pharmaceuticals Inc. (USA)
Disclosure: M.H. Lee: None.
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Dep-1 is a novel brain insulin receptor phosphatase and tran-
scriptome regulator
S. Chopra1, J.  Ulke2, L.  Schmidt3, O.L.J.  Kadiri1, M. Krüger3, K. 
 Kappert2, A.  Kleinridders1;
1Molecular and Experimental Nutritional Medicine, University of 
Potsdam, Nuthetal, Germany, 2Institute of Laboratory Medicine, 
Clinical Chemistry and Pathobiochemistry, Charité - Universiäts-
medizin Berlin, Berlin, Germany, 3CECAD Research Center/Institute 
for Genetics, University of Cologne, Cologne, Germany.

Background and aims: Obesity and diabetes are conditions charac-
terized by insulin resistance, which not only affects peripheral tissues 
but is known to occur in the brain, where the dysregulation of insulin 
signaling is a feature of metabolic syndrome. Protein tyrosine phos-
phatases (PTPs) are crucial negative modulators of insulin action, 
and a subset of PTPs including the ubiquitously expressed transmem-
brane receptor-like PTP, density-enhanced phosphatase-1 (DEP-1), 
dephosphorylates phospho-tyrosine residues of the insulin receptor in 
peripheral tissues. Thus, to understand the impact of DEP-1 overall in 
neurons, we investigated DEP-1 dependent metabolic effects in vitro.
Materials and methods: To study the functional consequences of 
DEP-1 deficiency on insulin action, we established a DEP-1 KO 
in mouse undifferentiated dopaminergic-like Neuro-2a (N2A) cells 
with CRISPR/Cas9 technology and determined insulin signaling 
using immunoblotting. Furthermore, to gain insights into the func-
tion of DEP-1 in neurons, we used a phospho-proteomic approach 
to determine protein phosphorylation in control and DEP-1 defi-
cient cells under basal and insulin resistant conditions. RNA 
sequencing served for in-depth transcriptome analysis of control 
and DEP-1 KO cells.
Results: DEP-1 KO cells revealed not only a significant increase 
in insulin receptor (IR) phosphorylation (n=4, Mann-Whitney U 
test=p<0.05) but also increased activation of insulin signaling nodes 
including increased ERK phosphorylation upon acute insulin challenge 
of 100nM (n=8, unpaired student t-test=p<0.05) shown by immuno-
blotting analysis. This demonstrates that DEP-1 is a phosphatase of 
neuronal IR and that DEP-1 deficiency in vitro leads to enhanced insu-
lin signaling. Moreover, the phospho-proteomic analysis revealed that 
while unstimulated DEP-1 KO cells exhibited only subtle differences in 
phosphorylation patterns compared to control cells, palmitate-induced 
insulin-resistant conditions (400 μM palmitate for 16 hours) caused 
marked differences in phosphorylation patterns of over 333 phospho-
sites from 5131 recognized phospho-sites between control and DEP-1 
KO cells (n=6, log Welch’s t-test analysis= p>1.3, Welch’s t-test dif-
ference= p<-1.5 or >1.5). Interestingly, the STRING database revealed 
that a few of these phospho-sites were seen to be involved in the regula-
tion of the insulin receptor signaling pathway as well (Irs2, Eif4ebp1, 
Smarcc1, Phip, and Ptpn1), supporting that DEP-1 impacts insulin 
signaling. Strikingly, a substantial proportion of these phospho-sites 
were also seen to alter biological functions related to RNA splicing 
(Polr2a, Srsf1, Srrm1), and DNA methylation (Dnmt3a, Brca1, Mbd3). 
Moreover, RNA sequencing revealed 34 significant alternative splicing 
events which occurred in DEP-1 KO cells compared to control cells 
(n=4, unpaired student t-test=p<0.05), underlying the observations 
seen in the phospho-proteomics.
Conclusion: Neuronal DEP-1 represents an IR phosphatase, with 
DEP-1 deficiency not only modulating insulin signaling but also 
exhibiting profound effects on cellular metabolism likely through 
epigenetic modifications and regulation of splicing.
Supported by: DFG
Disclosure: S. Chopra: None.
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Renal cortical glucose uptake rate is decreased in insulin resist-
ance and correlates inversely with serum free-fatty acids, ketone 
bodies and citrate levels
E. Rebelos1,2, A.  Mari3, M.-J.  Honka1, L.  Pekkarinen1, S.  Laurila1, 
A. Latva-Rasku1, J.  Rajander4, E.  Saukko5, H.  Iida1, P.  Salminen6, E. 
 Ferrannini7, P.  Nuutila1;
1Turku PET Centre, University of Turku, Turku, Finland, 2Department of 
Clinical and Experimental Medicine, University of Pisa, Pisa, Italy, 3Insti-
tute of Neuroscience, CNR, Padova, Italy, 4Abo Akademi, Turku, Finland, 
5Department of Radiology, Turku University Hospital, Turku, Finland, 
6Division of Digestive Surgery and Urology, Turku University Hospital, 
Turku, Finland, 7Institute of Clinical Physiology, CNR, Pisa, Italy.

Background and aims: We have recently demonstrated that positron 
emission tomography using 18F-labeled-2-fluoro-2-deoxy-D-glucose 
 ([18F]FDG-PET) can be used to analyse renal glucose uptake rates 
(GU), and that the renal cortex is an insulin sensitive tissue. In the 
present study, we aimed to gain insight into the determinants of renal 
glucose metabolism by testing whether circulating metabolites and 
renal sinus fat mass are related to renal GU.
Materials and methods: 18 subjects with obesity and 18 sex- and age-
matched non-obese controls were studied with  [18F]FDG-PET during 
insulin clamp conditions (40mU/m2/min). Renal scans were obtained 
immediately after  [18F]FDG injection and again ~60 min later. Renal 
GU was measured using fractional uptake rate and after correcting for 
residual intratubular  [18F]FDG. Circulating metabolites were measured 
using high-throughput proton NMR metabolomics. In 18 subjects renal 
sinus fat (RSF) was analysed using magnetic resonance imaging.
Results: We found that the corrected cortical GU is higher in healthy non-obese 
controls compared to subjects with obesity, and that it associates positively 
with the degree of insulin sensitivity (M value) (r=0.42, p=0.01). Moreover, 
corrected cortical GU was inversely associated with circulating β-OH-butyrate 
(r=-0.58, p=0.009), acetoacetate (r=-0.48, p=0.008), citrate (r=-0.44, p=0.01) 
and free fatty acids (FFA) (r=-0.68, p<0.0001), even when accounting for the 
M value. Corrected cortical CGU was also inversely associated with RSF (r=-
0.58, p=0.01), irrespective of the degree of insulin sensitivity. On the contrary, 
medullary GU was associated only with urinary measures  [18F]FDG.
Conclusion: This data suggest that when circulating citrate, FFA and 
ketones are relatively increased - or less suppressed by insulin - renal 
cortical tissue uses less glucose via glycolysis and produces more de 
novo glucose via gluconeogenesis.
Clinical Trial Registration Number: NCT04343469
Supported by: EFSD/MSD European Research Programme, grant 
number:96402
Disclosure: E. Rebelos: None.
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The mechanisms of duodenal mucosal resurfacing procedure in 
reversing type 2 diabetes
N. LiJuan1, C.  Zhe2, S.  YaoHuan3, Y.  XinYi2, Z.  XiQiao4;
1School of Medicine and Holistic Integrative Medicine, Nanjing Uni-
versity of Chinese Medicine, Nanjing, China, 2The first clinical medical 
college of Nanjing University of Chinese Medicine, Nanjing, China, 
3Department of Medical Care, School of Nursing, Nanjing University 
of Chinese Medicine, Nanjing, China, 4b Department of Endocrinology, 
Affiliated Hospital of Nanjing University of Chinese Medicine, Jiangsu 
Province Hospital of Chinese Medicine, Nanjing, China.

Background and aims: Clinical studies have found that endoscopic duodenal 
mucosal resurfacing (DMR) procedure can ablate and destroy the abnormally 
thickened duodenal mucosa in patients with type 2 diabetes (T2D), which can 
significantly improve the metabolic disorder and achieve the reversal of T2D 

after the mucosa is rejuvenated. However, the role of duodenal mucosa in the 
pathogenesis of T2D and the mechanism of metabolic improvement by DMR 
procedure remain unclear. We are aim to study the mechanisms of DMR 
procedure to improve metabolism at the animal level, thereby providing a 
theoretical basis for the promotion of clinical application of DMR procedure.
Materials and methods: Six week old SD rats were fed with high-fat 
diet and injected intraperitoneally with streptozotocin (STZ, 30mg/
kg) to establish a T2D model, and were randomly divided into DMR 
group and sham group. DMR procedure involves inserting a self-
made DMR catheter into the duodenum through a gastric incision to 
perform mucosal abrasion, with a length of 6 cm. Oral glucose toler-
ance tests (OGTT) were performed at 3 and 6 weeks after surgery. 
The duodenum was evaluated by histology, immunohistochemistry, 
immunofluorescence and western blotting. the levels of plasma glu-
cose, insulin, Glucose-dependent insulinotropic polypeptide (GIP), 
glucagon like peptide-1 (GLP-1), TG, and TC were measured.
Results: Compared with sham group, DMR procedure reduced fasting blood 
glucose (DMR group: 9.12±0.72, Sham group: 20.43±2.45, p<0.001), AUC 
OGTT  (DMR group: 39.63±5.32 mmol/L, Sham group: 59.56±5.85 mmol/L, 
p<0.001), HbA1c (DMR group: 158.12±15.13 ng/ml, Sham group: 
219.83±58.02 ng/ml, p=0.05), Lipopolysaccharide (LPS, DMR group: 
21.52±4.64 pg/ml, Sham group: 31.93±9.88 pg/ml, p=0.04), and increased 
serum insulin (DMR group: 17.01±3.32 mIU/ml, Sham group: 13.72±3.51 
mIU/ml, p=0.125), GIP (DMR group: 72.73±24.43 pg/ml, Sham group: 
38.27±17.79 pg/ml, p=0.002), and GLP-1(DMR group: 2.30±0.55 ng/ml, 
Sham group: 1.67±0.37 ng/ml, p=0.043) levels in rats with T2D at 6 weeks 
after surgery. Both duodenal villi length and crypt depth were significantly 
increased in T2D rats, and DMR procedure reversed these changes. In addi-
tion, DMR procedure enhanced the expression of tight junction proteins 
Occludin and ZO-1 in the duodenal mucosa of T2D rats.
Conclusion: Our results suggest that DMR can significantly improve 
metabolic disorders in T2D rats in a variety of ways, possibly related 
to reducing villi length and crypt depth to reduce nutrient absorp-
tion, enhancing duodenal barrier function to reduce LPS leakage, 
and reducing insulin resistance by increasing serum GIP and GLP-1 
levels. Further animal studies are needed to validate these findings.
Disclosure: N. LiJuan: None.

78
13C glucose breath test analysis as an accurate index of insulin 
resistance in people with type 1 diabetes
J. Mertens1,2, R.  Braspenning1, L.  Roosens3, S.  Francque4,2, C. De 
 Block1,2;
1Endocrinology, Diabetology and Metabolism, University Hospital Ant-
werp, Edegem, Belgium, 2Laboratory of Experimental Medicine and 
Paediatrics, University of Antwerp, Wilrijk, Belgium, 3Clinical Biology, 
University Hospital Antwerp, Edegem, Belgium, 4Gastroenterology and 
Hepatology, University Hospital Antwerp, Edegem, Belgium.

Background and aims: Insulin resistance (IR) is increasingly pre-
sent in people with type 1 diabetes (T1D), and is associated with an 
increased risk of cardiovascular disease. The hyperinsulinemic-eugly-
cemic clamp (HEC) is the gold standard to assess IR but is unsuited 
for clinical practice. Thus, easily-applicable, non-invasive alternatives 
are needed. The estimated glucose disposal rate (eGDR) is a proposed 
alternative but is an indirect measurement. We propose a 13C breath 
test as a direct index.
Materials and methods: We performed a 240 minute HEC (40 
mU/min/m2 with a priming dose of 80 mU/min/m2) with blood 
glucose clamped at 90 mg/dl (5 mmol/l). Final 30 minutes of the 
glucose infusion rate were used to determine the M-value (mg/
kg/min) according to the protocol of DeFronzo et al. A 13C glu-
cose breath test was performed, using 25 mg of universally labeled 
glucose (Cambridge Isotope Laboratories Inc., USA), obtaining 
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quarter-hourly breath samples up to 150 minutes after ingestion. 
Samples were analyzed using an isotope ratio mass spectrometer 
(Abca 2, Sercon). The expired 13CO2 after test drink ingestion was 
compared with the baseline value. Results are expressed as abso-
lute increase (Δ %) in 13C after 90 minutes. We performed pair-
wise comparisons of the diagnostic accuracy of the 13C breath test 
and the eGDR (mg/kg/min) using the HEC as reference method. 
eGDR = 21.158 − (0.09 * waist circumference [WC]) − (3.407 * 
hypertension) − (0.551 * HbA1c [% DCCT].
Results: We included 48 subjects (62 % male, mean age 45 ± 
15 years, HbA1c 7.3 ± 0.8 %, BMI 27.5 ± 5.0 kg/m2). M-value 
was 5.50 ± 3.05 mg/kg/min, Δ13C was 6.25 ± 2.21 %, eGDR was 
5.83 [5.34] mg/kg/min. A significant correlation between Δ13C 
and M-value (r = 0.73, p < 0.001, figure) was found. The cor-
relation between M-value and eGDR was weaker (Spearman r = 
0.66, p < 0.001). Both M-value (r = -0.72, p < 0.001) and Δ13C (r 
= -0.67, p < 0.001) correlated stronger with waist circumference 
than with BMI (M-value r = -0.64, p < 0.001; Δ13C r = -0.49, 
p < 0.001). No significant correlation with HbA1c was present, 
both for M-value and Δ13C. Linear regression showed a significant 
association between Δ13C and M-value, adjusted for age, HbA1c, 
and gender (B = 1.11, adjusted  R2 = 0.52, p < 0.001). We found an 
AUROC of 0.78 for Δ13C to identify subjects with IR (M-value < 
4.9 mg/kg/min). The optimal cut-off point was < 6.61 Δ % (sensi-
tivity 0.77, specificity 0.62). DeLong pairwise comparison did not 
find a significant difference between  AUROC13C and  AUROCeGDR 
(p = 0.369).
Conclusion: The 13C breath test shows important potential as an 
indicator for IR in T1D and correlates more strongly with the HEC 
compared to the eGDR.

Clinical Trial Registration Number: NCT04623320
Supported by: Bijzonder Onderzoeksfonds (BOF), research grants 
from AstraZeneca and Boehringer Ingelheim
Disclosure: J. Mertens: Grants; Research grant AstraZeneca, 
Research grant Boehringer Ingelheim, Bijzonder Onderzoeksfonds 
(BOF).

OP 14 Regulation of islet hormone secretion 
in type 1 diabetes and type 2 diabetes
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Loss of electrical beta to delta cell coupling underlies impaired 
hypoglycaemia-induced glucagon secretion in type 1 diabetes
R. Gao1, T.  Hill1, A.  Benrick2, L. J. B.  Briant1, L.  Kothegali2, H. 
 Dou2, Q.  Zhang1, P.  Rorsman1,2;
1OCDEM, University of Oxford, Oxford, UK, 2Institute of Neurosci-
ence and Physiology, University of Gothenburg, Gothenburg, Sweden.

Background and aims: Glucagon secreted from pancreatic α-cells 
is a principal glucose counterregulatory hormone. In type 1 diabe-
tes (T1D), hypoglycaemia-induced glucagon secretion is severely 
impaired, leading to prolonged and fatal hypoglycaemia. How this 
defect develops is unknown but it may be due to aberrant intra-islet 
paracrine tone. Somatostatin released by δ-cells is a potent paracrine 
inhibitor of α-cell secretion thus somatostatin hypersecretion could 
result in glucagon failure in T1D. Using a non-obese diabetic (NOD) 
mouse model, we studied the islet-centric mechanisms that contribute 
to glucagon secretory defects in T1D.
Materials and methods: Islet hormone secretion was assessed using 
static incubation. Intracellular  Ca2+ was monitored using live imag-
ing in islets expressing GCaMP6f specifically in δ-cells. Islet cell 
membrane potential was recorded using perforated patch whole-cell 
technique. Plasma glucose and glucagon were measured in diabetic 
(NOD) and non-diabetic (ND) mice during insulin tolerance test.
Results: Following the onset of diabetes, NOD islet insulin content was 
<10% of ND controls. This was accompanied by impaired low glucose-
stimulated glucagon secretion (45% of ND) and elevated basal somato-
statin release (>400% of ND). Treatment with a somatostatin receptor 
antagonist (SSTRa) rescued glucagon secretory failure in NOD islets 
by exerting a more profound stimulation on glucagon secretion (316% 
in ND; 772% in NOD). Consistently, insulin-induced hypoglycaemia 
in vivo failed to elevate plasma glucagon in NOD mice but was rescued 
by SSTRa. These data indicate that excessive somatostatin release at 
low glucose may contribute to defective glucagon secretion in T1D. In 
human T1D islets, lowering glucose from 6 to 1 mM did not stimulate 
glucagon secretion as that in human ND islets (89% in ND; 3.5% in 
T1D), whereas basal somatostatin secretion was significantly elevated. 
To investigate the underlying mechanisms of dysregulated islet hormone 
release in T1D, we mimicked the immune attack of islets by pretreat-
ment with a cytokine cocktail (CC). CC pretreatment for 24h replicated 
the secretory defects in T1D and reduced Gjd2 expression (encodes 
connexin-36 (CX-36) that forms gap junctions in β- and δ-cells) by 60% 
(p=0.048). Antagonising CX-36 with mefloquine enhanced somato-
statin secretion (p=0.009) and δ-cell  Ca2+ activity (p=0.017) at 1 mM 
glucose, suggesting that CX-36-mediated electrical coupling contrib-
utes to normal basal δ-cell activity. Using an optogenetic mouse model 
expressing light-gated  Cl- pumps specifically in β-cells, we found δ-cells 
were responsive to light radiation with an outward current (1.5±0.2pA), 
membrane repolarisation and reduced electrical activity. These data sug-
gest hyperpolarisation of β-cells at low glucose may spread into neigh-
bouring δ-cells via CX-36 and function as an ‘electric brake’; reduction 
in gap junction conductivity or β-cell destruction in T1D may remove 
the β-cell hyperpolarising influence, contributing to basal somatostatin 
hypersecretion.
Conclusion: CX-36-mediated electrical coupling between β- and 
δ-cells plays a role in appropriate basal somatostatin secretion and 
normal islet paracrine tone. Disruption of this communication con-
tributes to somatostatin hypersecretion and aberrant paracrine inhibi-
tion of α-cell glucagon secretion seen in T1D.
Supported by: MRC, Helmsley Trust
Disclosure: R. Gao: None.
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80
Glucose inhibits glucagon secretion of mice with alpha cell spe-
cific deletion of KATP channels
M. Parambath, B. Lai, H. Chae, E. Gatineau, P. Gilon;
Pôle d’Endocrinologie, Diabète et Nutrition, Université Catholique 
de Louvain, Brussels, Belgium.

Background and aims: Glucose stimulates insulin and somatostatin 
(SST) secretion by closing β- and δ-cell  KATP channels. By contrast, it 
inhibits glucagon release by largely unknown mechanisms. The role of 
α-cell  KATP channels in the control of glucagon release and their impli-
cation in the glucagonostatic effect of glucose are hotly debated. They 
are particularly difficult to evaluate because α-, β- and δ-cells mutually 
influence their secretions. To study the role of α-cell  KATP channels 
in the control of glucagon release, we generated α-KATPKO mice that 
lack  KATP channels specifically in α-cells and compared their glucagon 
secretion in response to a change of the glucose concentration between 
1 and 7 mM to that of control islets. To evaluate the role of SST that is 
released from δ-cells upon  KATP channel closure, we used two mouse 
models that lack SST, i.e. SSTKO and SSTKO/ α-KATPKO mice.
Materials and methods: The following mouse models were used: 
Kir6.2flox (control), α-KATPKO (GluCre x Kir6.2flox), SSTKO and 
SSTKO/α-KATPKO. To measure  [Ca2+]c (by confocal microscopy) in 
α-cells within islets, we used the following mice expressing the fluo-
rescent  Ca2+ sensor, GCamP6, in α-cells: α-GCamP6 (GluCre x LSL-
GCamP6) and α-GCamP6/α-KATPKO (GluCre x Kir6.2flox x LSL-
GCamP6). All experiments were performed in the presence of a 6 mM 
amino acid mixture (2 mM alanine, 2 mM arginine and 2 mM glutamine).
Results: Increasing the glucose concentration from 1 to 7 mM inhibited 
glucagon release of α-KATPKO and control islets expressing or not SST, 
suggesting that glucose can control glucagon secretion independently 
of α-cell  KATP channels and SST. These changes in glucagon secretion 
were associated with parallel but modest changes in α-cell  [Ca2+]c. 
The addition of the  KATP channel opener, diazoxide (250 μM), at 1 
mM glucose suppressed glucagon release and decreased α-cell  [Ca2+]c 
of control islets. Interestingly, it stimulated glucagon secretion and 
increased α-cell  [Ca2+]c of α-KATPKO islets, whereas it was without 
effect in SSTKO/α-KATPKO islets. This suggests that pharmacological 
opening of α-cell  KATP channels suppresses glucagon release whereas 
opening of δ-cell  KATP channels stimulates glucagon secretion by alle-
viating the glucagonostatic effect of SST released by δ-cells.
Conclusion: Glucose can inhibit glucagon secretion independently 
of α-cell  KATP channels and independently of SST. The strong inhibi-
tory effect of glucose associated with a very modest decrease in α-cell 
 [Ca2+]c suggests that glucose controls glucagon release by a mech-
anism that is partly independent from α-cell  [Ca2+]c changes. The 
observation that diazoxide stimulates glucagon secretion of α-KATPKO 
islets but not that of SSTKO/α-KATPKO islets illustrates a strong tonic 
inhibition of glucagon release by SST, even at low glucose.
Supported by: FNRS, EFSD/JDRF/Lilly Programme, ARC, SFD
Disclosure: M. Parambath: None.
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Recombinant PSP/reg treatment improves beta cell function in 
islets isolated from glucose intolerant and type 2 diabetic donors
I. Louvet1, M. Moreno-Lopez1, A. Acosta-Montalvo1, V.  Gmyr1, J. 
Kerr-conte1, T.  Reding2, C.  Saponaro1, F.  Pattou1, R.  Graf2, C.  Bonner1;
1Université de Lille, CHU Lille, Institut Pasteur de Lille, Inserm 
UMR1190 - EGID, Lille, France, 2Department of Surgery, University 
Hospital Zurich, Zurich, Switzerland.

Background and aims: Pancreatic islet dysfunction and demise are 
key characteristics of type 1 diabetes (T1D), type 2 diabetes (T2D), and 
HNF1A-MODY, respectively. Pancreatic Stone Protein / Regenerating 
Protein (PSP/reg) is regulated at the transcription level by the Hepatocyte 

Nuclear Factor family of proteins and physiologically secreted from 
pancreatic acinar cells. Upon focal or systemic extra-pancreatic inflam-
mation, such as sepsis, PSP/reg is strongly increased, but also highly 
elevated in the serum of T1D, TD2, and HNF1A-MODY patients. 
Although, PSP/reg is expressed and induced in islets of diabetic mice, 
the mechanisms involved remain largely unknown. Therefore, the aim 
of this study was to investigate the expression and regulation of PSP/reg 
in the human pancreas and islets isolated from donors covering a wide 
spectrum of metabolic disease compared to normoglycemic controls.
Materials and methods: PSP/reg protein expression was analysed from 
human paraffin embedded pancreatic sections and isolated islets embed-
ded in histogel by immunofluorescence. PSP/reg gene and protein expres-
sion was analysed by qPCR and Western Blotting, respectively. Perifusion 
techniques were used to determine glucose-stimulated-insulin-secretion 
(GSIS) in islets isolated from donors with glucose intolerance or T2D in 
response to a chronic treatment with recombinant PSP/reg (rPSP/reg).
Results: PSP/reg protein was highly enriched in the acinar cells of 
all donor pancreata studied. Islets embedded in histogel revealed that 
PSP/reg colocalized with insulin in beta cells, somatostatin in delta 
cells and, to a lesser extent, with glucagon in alpha cells. Of note, PSP/
reg protein expression was significantly induced in islets isolated from 
T2D donors with obesity compared to those of obese (normoglyce-
mic), glucose intolerant and normoglycemic donors. Moreover, the 
chronic treatment of rPSP/reg (24 h) enhanced both, first and second 
phase GSIS from islets isolated from glucose intolerant donors, while 
only the second phase was enhanced from those of T2D donors.
Conclusion: Collectively, these data indicate that PSP/reg may play 
an important role in preserving beta cell function during the early 
stages of the disease. They also suggest that rPSP/reg could be a 
promising therapy for the treatment of diabetes, but further studies in 
diabetic mice to determine its efficacy to reduce hyperglycemia and 
improve islet function are warranted.
Supported by: EFSD/NNF Diabetes Precision Medicine Award 
Programme
Disclosure: I. Louvet: None.

82
Functional genomics highlights type 2 diabetes-associated 
purinergic receptor P2RY1 as a new modulator of insulin secre-
tion in humans
A. Dance1, M.  Derhourhi1, M.  Boissel1, M.  Marre2,3, G.  Charpentier4, 
A.  Khamis1,5, P.  Froguel1,5, A.  Bonnefond1,5;
159, UMR1283 EGID, Lille, France, 275, Inserm U1138, Centre de 
Recherche des Cordeliers, Paris, France, 375, CMC Ambroise Paré, 
Paris, France, 491, CERITD (Centre d’Étude et de Recherche pour 
l’Intensification du Traitement du Diabète), Evry, France, 5Depart-
ment of Metabolism, Imperial College, London, UK.

Background and aims: Genome-wide association studies (GWAS) 
have shown that the P2RY1 locus is associated with type 2 diabetes 
(T2D) risk and with glucose levels. P2RY1 is a G-protein cou-
pled receptor (GPCR) activated by ATP and ADP, which is highly 
expressed in pancreatic islets, particularly in β cells where, ATP /
ADP stimulate insulin secretion by activating the ATP-dependent 
potassium channels. Through functional genetics, we aimed to 
analyze the putative contributions of genetic variants of P2RY1 to 
T2D risk and to other metabolic traits. We then characterized the 
downstream signaling pathways of P2RY1 in human pancreatic beta 
cells and deciphered its putative role in insulin secretion.
Materials and methods: P2YR1 was sequenced in 6,348 French 
adults including cases with T2D and normal glucose controls. To 
assess the functional effect of each identified variant, we performed 
1/ luciferase assays (NFAT-RE system) on HEK293 cells overex-
pressing each variant, followed by P2YR1 activation by increasing 
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doses of MRS2365 (methanocarba-2MeSADP) that is a specific 
agonist of P2RY1, and 2/ immunofluorescence to assess cellular 
localization of each mutant. We also performed expression quanti-
tative trait loci (eQTL) analysis in 116 donors based on RNA-seq 
of pancreatic islets and DNA microrrays genotyping. In human 
pancreatic β cells (EndoCβH5), we performed glucose-stimulated 
insulin secretion (GSIS) assays coupled to P2YR1 activation by 
MRS2365. GSIS on EndoCβH5 cells transfected with siRNA 
P2RY1 (or control) are also being performed.
Results: We identified 17 rare missense variants in P2RY1 (including 
6 novel variants). Our in vitro analyses highlighted 5 loss-of-function 
mutations. 80% of the mutation carriers presented with T2D. In the UK 
Biobank we found 10 rare null variants (nonsense or frameshift) that 
were mostly carried by patients with T2D (75%). Expression QTL anal-
yses showed that a block of single nucleotide polymorphisms (SNPs; 
n=63) located in an enhancer of human islets was significantly associ-
ated with increased islet expression of P2RY1 and decreased T2D risk 
while another block of SNPs (n=51) was significantly associated with 
decreased expression of P2RY1 in human islets and increased T2D risk. 
In EndoCβH5, the GSIS assay showed that the P2RY1 specific agonist 
MRS2365 led to a 30% increase of insulin secretion when stimulated 
with 20mM of glucose. A kinome analysis (through PAMGENE tech-
nology) and transcriptomic analysis (through RNA sequencing) of the 
P2RY1 pathway in the EndoCβH5 cells in response to MRS2365 agonist 
or P2RY1 siRNA is in progress at high glucose levels.
Conclusion: Our genetic, functional genomic and pharamacological 
studies suggest that P2RY1 dysfunction is causatively associated with 
T2D riskand that P2RY1 contributes to the activation of the insulin 
secretion pathway. P2RY1 potent and selective agonists that cannot 
cross the blood-brain barrier are available, and could be tested as a 
potential new class of insulin secretagogues.
Disclosure: A. Dance: None.

83
A peptide-amino acid transporter axis regulates pancreatic beta 
cell maintenance and function
M. Nakazato, W. Zhang, H. Sakoda;
Faculty of Medicine, University of Miyazaki, Miyazaki, Japan.

Background and aims: Postprandial elevations in plasma amino 
acids enhance insulin release from pancreatic β cells. Several amino 
acid transporters (AAT) are expressed in β cells and stimulate post-
prandial insulin secretion by mediating the influx of amino acids. No 
endogenous substance that modulates the activity of AATs to regulate 
β-cell function and maintenance has been identified.
Materials and methods: We generated apoaequorin transgenic mice 
to detect intracellular  Ca2+ mobilization under the control of the CAG 
promoter. Using the pancreata of these transgenic mice, we identi-
fied a novel 19-amino acid peptide named neuroendocrine regulatory 
peptide (NERP) derived from a granin protein VGF. VGF has dual 
functions in β-cells: regulating secretory granule formation and func-
tioning as a multiple peptide precursor.
Results: Immunogold electron microscopy revealed colocalization of 
NERP with insulin in the storage granules of β cells. Immunohistochem-
istry and chromatography combined with radioimmunoassay for NERP 
verified the presence of NERP in human islets. NERP stimulated  Ca2+ 
influx in β-cell-derived MIN6 cells. NERP enhanced glucose-stimulated 
insulin secretion (GSIS) from human and C57BL/6J mouse pancreatic 
islets and MIN6 cells. To identify NERP target candidates in β cells, we 
used ligand-receptor glycocapture technology, LRC-TriCEPS, a highly 
specific and sensitive pull-down assay involving binding to glycosylated 
membrane proteins. The volcano plot analysis showed a neutral amino 
acid transporter satisfied the criteria for specific binding to TriCEPS. 
Overexpression of the AAT in HEK293 cells augmented NERP binding. 

NERP binding to the AAT stimulates glutamine, alanine, and proline 
uptake into β-cells, thereby enhancing mitochondrial ATP production 
and reducing oxidative and endoplasmic reticulum stress. Kinetics study 
using Michaelis-Menten analysis indicates that NERP acts as a positive 
allosteric modulator on the AAT by enhancing the affinity of the AAT 
to import amino acids. Interestingly, NERP does not stimulate amino 
acids uptake under the low glucose condition. Silencing of the AAT 
in MIN6 cells abolished NERP−induced GSIS and protective effects 
on mitochondrial respiration and cell apoptosis. NERP expression in β 
cells of obese, diabetic db/db mice was reduced, and NERP administra-
tion recovered impaired β-cell maintenance and insulin secretion in db/
db mice. In MIN6 cells, NERP recovered β cell dysfunctions induced 
by siVgf silencing and cytotoxin administration. NERP-deleted Vgf 
(VgfNERP-4 KO) knockin to Vgf-knockdown MIN6 cells exhibited insuf-
ficient vesicle biogenesis in β cell compared with full-length Vgf (Vgf-
full) knockin to Vgf-knockdown. NERP-deleted mice generated by the 
CRISPR-Cas9 system exhibited impaired proinsulin processing and the 
second-phase insulin secretion.
Conclusion: NERP is secreted together with insulin following glu-
cose stimulation, and positively modulates the AAT activity to import 
amino acids into β cells. These findings provide a novel autocrine 
mechanism via the peptide-amino acid transporter axis in β-cell main-
tenance and function, and extend the understanding of the underpin-
nings regulating glucose metabolism.
Disclosure: M. Nakazato: None.

84
Genome-wide screening for regulators of degradation of insulin 
secretory granules with a fluorescent reporter
A. Kanai, Y. Nishida, K. Ueki, H. Uzawa, H. Watada;
Department of Metabolism and Endocrinology, Juntendo University 
Graduate School of Medicine, 2-1-1, Hongo, Bunkyo-ku, Tokyo, Japan.

Background and aims: To control the amount of insulin secretory 
granules (ISGs) in pancreatic beta cells, ISGs are degraded in lys-
osomes in beta cells, coined as crinophagy. Recently, several mecha-
nisms associated with the degradation of ISGs have been proposed; 
however, the details of the molecular mechanisms and the pathophysi-
ological significance are remained to be revealed. To clarify these 
issues, we performed genome-wide screening to identify canonical 
molecules regulating ISG degradation with a fluorescent reporter 
monitoring for the degradation.
Materials and methods: We constructed a fluorescent probe for ISG 
degradation, where two fluorescent proteins EGFP and mCherry, with 
different pH-sensitivities, tandemly conjugated to a cytoplasmic 
lesion of ZnT8, an ISG membrane-localized protein. After valida-
tion of the reporter, we performed CRISPR/Cas9-based genome-wide 
screening to identify regulating genes for ISG degradation.
Results: When an ISG is contained in an acidic condition of lys-
osomes, the fluorescence of EGFP quenches due to low pH, whereas 
mCherry remains intact; thus EGFP/ mCherry ratio decreases along 
with ISG degradation. We calculated the EGFP/mCherry ratio at 
each time point after KRB (Krebs Ringer Buffer) stimulation for 
ISG degradation, and the EGFP/mCherry ratio after KRB stimulation 
gradually decreased compared to controls, suggesting that EGFP fluo-
rescence was quenched following degradation in lysosomes (EGFP/
mCherry ratio at 8 hrs, 1.0 vs. 0.3±0.02, p<0.001). In addition, 
bafilomycin  A1 inhibited this decay of EGFP after KRB stimula-
tion (EGFP/mCherry ratio, 0.3±0.02 vs. 1.0, p<0.001), demonstrat-
ing that the reporter reflects the ISG degradation process mediated 
by lysosomes. Next, with MIN6 cells expressing both Cas9 and the 
fluorescent reporter, we investigated the involvement of conventional 
Atg5/7-dependent autophagy. We knocked out canonical genes for 
regulating Atg5/7-dependent autophagy, such as Vps34, Beclin-1, 
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Atg5, FIP200 and Atg9. Those cells showed the accumulation of 
p62 and inhibition of the conversion of LC3-I to LC3-II, showing 
the impairment of conventional macroautophagy. Interestingly, ISG 
degradation evaluated by the ZnT8-mCherry-EGFP probe was not 
disturbed in the cells lacking the canonical autophagy genes, suggest-
ing that ATGs regulating conventional autophagy is not involved in 
ISG degradation. Finally, we performed genome-wide gRNA screen-
ing to identify genes regulating ISG degradation. We transduced len-
tivirus expressing genome-wide gRNA library in MIN6 cells stably 
expressing both Cas9 and ZnT8-mCherry-EGFP and enriched the 
cells lacking the ISG degradation with a flow cytometer. Next gen-
eration sequence (NGS) revealed enriched gRNAs to identify genes 
essential for ISG degradation, and we found no genes associated with 
conventional macroautophagy among 44 genes identified.
Conclusion: By performing the genome-wide screening in two rep-
licates, we identified candidate genes for regulating ISG degrada-
tion. Interestingly, in gene ontology analysis, the pathways related 
to conventional autophagy are not enriched. The results suggest that 
alternative regulation of autophagy, instead of conventional macro-
autophagy, is involved in the degradation process of ISGs.
Supported by: Japan Society for the Promotion of Science
Disclosure: A. Kanai: None.

OP 15 Incretins and glucagon in action

85
Signs of glucagon resistance after a two-week hypercaloric diet 
intervention
M.P. Suppli1, J.I.  Bagger1, G. van  Hall2, M.B.  Christensen1, N.J. 
Wewer  Albrechtsen3, J.J.  Holst4, F.K.  Knop1;
1Center for Clinical Metabolic Research, Gentofte Hospital, Hellerup, 
Denmark, 2Clinical Metabolomics Core Facility, Department of Clini-
cal Biochemistry, Rigshospitalet, Copenhagen, Denmark, 3Depart-
ment of Clinical Biochemistry, Bispebjerg and Frederiksberg Hos-
pital, Copenhagen, Denmark, 4Novo Nordisk Foundation Center for 
Basic Metabolic Research, Faculty of Health and Medical Sciences, 
Copenhagen, Denmark.
Background and aims: Hyperglucagonaemia is observed in indi-
viduals with obesity and contributes to the hyperglycaemia of persons 
with diabetes. Hyperglucagonaemia may develop due to impaired 
hepatic amino acid turnover, which results in elevations of circulat-
ing glucagonotropic amino acids. We recently observed glucagon 
resistance and hyperglucagonaemia in individuals with obesity and 
hypothesised it to be a consequence of hepatic steatosis. Here, we 
evaluated whether glucagon resistance could be induced by a short-
term hypercaloric diet intervention designed to increase hepatic fat 
content in healthy individuals.
Materials and methods: We recruited 20 healthy, lean individuals 
(BMI: 23 ± 0.3 (mean ± SD) kg/m2, age: 28 ± 1 years) to follow 
a hypercaloric diet (~5,000 kcal/day) and a sedentary lifestyle for 
two weeks. Amino acid concentrations in response to infusion of 
high physiological glucagon (4.0 ng/kg/min) were assessed during 
a pancreatic clamp with somatostatin (450 μg/h) and basal insulin 
(0.1 mU/kg/min). The participants were examined before and after 
the intervention and again after eight weeks to assess the revers-
ibility of any metabolic changes. Hepatic steatosis was assessed by 
magnetic resonance spectroscopy. Data were compared using paired 
t tests and were adjusted for multiple testing using the method of 
Benjamini and Hochberg, which controls the false discovery rate.
Results: The intervention led to increases in body weight (3.5 
[2.8;4.2] (mean [95% CI]) kg, P < 0.0001) and hepatic fat content 
(382 [206;705]%, P < 0.001). Insulin resistance was evident with 
unchanged fasting blood glucose levels and a 56% increase in fast-
ing insulin (P < 0.001). Glucagon infusion led to a decrease in 
the concentration of total amino acids on all experimental days, 
but the percentage change in total amino acids was reduced (−2.5 
± 0.5 (mean ± SEM) vs. −0.2 ± 0.7%, P = 0.015) and the aver-
age slope of the decline in the total amino acid concentration was 
less steep (−2.0 ± 0.3 vs. −1.2 ± 0.3 μM/min, P = 0.016) after 
the intervention compared with baseline (Fig. 1). Body weight 
remained elevated at follow-up, while all other metabolic changes 
were normalised.
Conclusion: Our results indicate that short-term unhealthy behav-
iour, which increases hepatic fat content, causes a reversible resist-
ance to the effect of glucagon on amino acid concentrations in 
healthy individuals, which may explain the hyperglucagonaemia 
associated with obesity and diabetes.
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Clinical Trial Registration Number: NCT04859322
Supported by: Danish Diabetes Academy, which is funded by the 
Novo Nordisk Foundation, grant number NNF17SA0031406
Disclosure: M.P. Suppli: None.

86
Estimation of insulin resistance and beta cell function by i.v. 
glucagon-insulin tolerance test in novel subgroups of adult-
onset diabetes in Vaasa diabetes registry
A. Laitinen1,2, A. Käräjämäki1, A. Käräjämäki1, H.  Liisa2,3, S. 
 Kurki2,4, L.  Kaj1, E.  Ahlqvist4, T.  Tuomi3,5;
1Vaasa Central Hospital, County of Ostrobothnia, Vaasa, Finland, 
2University of Helsinki, Helsinki, Finland, 3Folkhälsan Research 
Center, Helsinki, Finland, 4Lund University, Malmo, Sweden, 5Hel-
sinki University Hospital, Helsinki, Finland.

Background and aims: Five cluster-based subgroups of adult-onset 
diabetes are based on age at diagnosis, BMI, HbA1c, GAD-autoan-
tibodies, and HOMA indices calculated from plasma glucose (PG) 
and C-peptide. We aimed to estimate their long-term differences in 
insulin secretion, insulin resistance, and liver fat content.
Materials and methods: From a regional Finnish diabetes registry 
Direva (N>7000) we invite 50-100 participants per subgroup with 
cluster assigned at registration <2 years from diagnosis and duration 
4-10 years. Methods: an i.v. glucagon (0.5mg at time 0 min) - insulin 
(0.05 IU/kg at 40 min) tolerance test with C-peptide and PG measured 
at 0 and 6 minutes post-glucagon (insulin secretion), and PG at 0, 5, 
11, 20 min post-insulin for  KITT (glucose disappearance) to estimate 
insulin resistance; liver fat content with FibroScan®.
Results: 88 patients have participated (median duration 6.2 years): 21 
SAID, 9 SIDD and 22 SIRD (severe autoimmune/insulin-deficient/
insulin-resistant diabetes), 16 MOD and 20 MARD (mild obesity-/age-
related diabetes). HbA1c decreased from baseline in SIDD [88.0 (95% 
CI 38-124) vs. 54 (34-80) mmol/mol; p=0.046, Wilcoxon signed-rank 
test], but increased in all other groups by 2.5-7.0 mmol/mol. C-peptide 
response to glucagon was greatest in SIRD with a significant differ-
ence against SAID and MARD [1.15 (0.84-1.42) vs. 0.41 (0.06-0.81 
nmol/l), p<0.001; and 0.59 (0.44-0.95), p=0.029, respectively] using 
one-way ANOVA. SIDD group had a median of 0.66 nmol/l (0.34-
1.21, not significant). Similarly, HOMA2β was highest in the SIRD 
[128.9 (99.7-177.5)] and lowest in the SAID [58.3 (CI 27.9-100.2), 

p<0.001] and SIDD [58.4 (49.8-99.6), p<0.001] groups (Kruskal-Wallis 
test). The C-peptide response correlated moderately with the HOMA2β 
(r=0.52, Spearman, p<0.001).  KITT was highest in the SAID and SIDD 
groups but the variation was high and no significant differences were 
observed between the groups. HOMA2-IR was highest in the SIRD 
[2.96 (2.23-3.77)] and lowest in the SAID group [1.75 (0.61-2.22), 
p=0.001 (Kruskal-Wallis test)].  KITT had a weak negative correlation 
with HOMA2-IR [r=-0.24 (Spearman´s correlation, p=0.04]. The 
liver fat content was highest in the SIRD [321 Db/m, (95% CI 289-346 
Db/m)] and lowest in the SAID group [281 Db/m (95% CI 277-302 
Db/m), p=0.074, one-way ANOVA], while in the MOD group mean 
was 301 Db/m (95% CI 262-348 Db/m). Liver fat content correlated 
better with the HOMA2-IR index than with  KITT [r=0.447, p<0.001 and 
r=-0.28, p=0.016, respectively, Spearman´s correlation].
Conclusion: The preliminary data of the ongoing study indicate that 
the subgroups differ notably in insulin secretion and resistance even 
years after diagnosis. Especially the SIRD group stood out having 
higher insulin secretion and resistance by every method, as well as 
high liver fat content. Moreover, our results strengthen the hypoth-
esis that HOMA2-IR reflects the liver insulin resistance and liver fat 
content better than  KITT derived from insulin tolerance test. The cor-
relation between the C-peptide response to glucagon and HOMA2-β 
index was moderate.
Supported by: Vaasa Medical Foundation, The Finnish Medical 
Foundation, Turunmaa Duodecim Foundation, Tuovisen säätiö 
Foundation
Disclosure: A. Laitinen: Grants; Vaasa Medical Foundation, The 
Finnish Medical Foundation, Turunmaan Duodecim Foundation, 
Tuovisen Säätiö Foundation.

87
Role of KATP channels in regulating glucagon secretion under low 
and high glucose conditions
E. Lee1, R.  Hatano1, T.  Noda1, S.  Acreman2, Q.  Zhang2, T.  Miki1;
1Chiba University, Chiba, Japan, 2Churchill Hospital, Oxford, UK.

Background and aims:  KATP channel is essential for sensing both 
hypoglycemia and hyperglycemia to regulate insulin secretion from 
pancreatic β-cells. However, its role in regulating glucagon secretion 
from α-cells in response to glycemic alterations remains elusive. We 
previously reported that brain  KATP channel is critical for regulat-
ing glucose homeostasis during severe glucose deprivation through 
regulating glucagon secretion. However, several papers also suggest 
that  KATP channel in α-cells plays an important role in sensing hypo-
glycemia and triggering glucagon secretion. To further explore the 
involvement of brain  KATP channels in regulating glucagon secretion 
under different glucose conditions, we utilized β-specific, neuron-
specific, and null-KATP channel deficient mice and analyzed brain 
activation and secretion of glucagon and insulin.
Materials and methods: We generated β-specific, neuron-specific, 
and null-KATP channel deficient mice (βKO, nKO, and null KO, respec-
tively) by tissue-specifically disrupting Kir6.2 gene that encodes the 
pore-forming subunits of  KATP channels. To evaluate its role on gluca-
gon secretion during neuroglycopenia, the mice were administered with 
2-deoxyglucose (2DG, 400 mg/kg) intraperitoneally (i.p.) and plasma 
glucagon levels were measured in the portal vein. Neural activation in 
response to glycemic changes, c-fos immunostaining was performed in 
the hypothalamus. We also investigated the role of brain  KATP channel in 
suppressing glucagon secretion in response to hyperglycemia by meas-
uring plasma glucagon levels after i.p. glucose administration (2g/kg).
Results: In fed state, there was no significant difference observed 
in body weight and blood glucose levels in βKO, nKO, and null-KO 
compared to those in WT. Glucagon secretion in response to 2DG was 
found to be increased compared with normal saline (NS) injection 
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similarly between WT (NS vs 2DG, p>0.001) and βKO (NS vs 2DG, 
p<0.001). However, it was significantly impaired in nKO and null-
KO. Consistent with these results, 2DG-induced c-fos induction in 
the nucleus tractus solitarius (NTS) was found to be attenuated in 
nKO and null-KO compared with that in WT (NS vs 2DG, p<0.001). 
Intriguingly, plasma glucagon levels were significantly suppressed by 
i.p. glucose in WT (NS vs glucose, p<0.001), βKO (NS vs glucose, 
p<0.01) and nKO (NS vs glucose, p<0.05), but there was no sup-
pression in null-KO. In addition, insulin levels following i.p. glucose 
increased significantly in WT (NS vs glucose, p<0.001) and nKO (NS 
vs glucose, p<0.001), but not in βKO and null-KO.
Conclusion: These findings suggest that neural  KATP channel plays 
critical role in regulating glucagon secretion during neuroglycopenia 
by activating the neurons in the NTS. In addition,  KATP channels 
in the cells other than neurons or β-cells is essential for glucose-
induced glucagon suppression. In the meantime,  KATP channels in 
β-cells rather than those in neurons play the primary role in regulating 
glucose-stimulated insulin secretion.
Supported by: Scientific Research Grants from the Ministry of Educa-
tion, Culture, Sports, Science and Technology
Disclosure: E. Lee: None.

88
Glucose-dependent insulinotropic polypeptide and glucagon-like 
peptide-1 do not account for the entire incretin effect in healthy 
humans
S. Veedfald1,2, Y.  Sun1, C.  Xiang1, C.  Xie1, T.  Wu1, M.  Bound1, J. 
 Grivell1, B.  Hartmann2, K.  Jones1, M.  Horowitz1, J.J.  Holst2, C.K. 
 Rayner1;
1University of Adelaide, Adelaide, Australia, 2Department of Bio-
medical Sciences, University of Copenhagen, Copenhagen, Denmark.

Background and aims: Glucose, given orally or enterally, elicits 
much greater insulin secretion than an intravenous (IV) glucose infu-
sion yielding the same level of glycemia. This ‘incretin effect’ is 
driven by the release of insulinotropic peptides (‘incretins’) from 
the gut. We aimed to determine whether the known incretins, glu-
cose-dependent insulinotropic polypeptide (GIP) and glucagon-like 
peptide-1 (GLP-1), account for the entire incretin effect in healthy 
humans, using specific antagonists for their receptors.
Materials and methods: Twelve healthy participants (10 males/2 
females; (mean (SD); 29 (5) years; BMI 24 (4) kg/m2;) were studied 
on five occasions in a randomized, double-blinded fashion, following 
an overnight fast. On each day, a naso-duodenal catheter was positioned 
and blood glucose was maintained 5 mmol/L above fasting concentra-
tions by a variable IV glucose infusion (t = 0-165min). On four study 
days, receptor antagonists for GIP  (GIP3-30, 800pmol/kg/min), GLP-1 
(Exendin 9-39  (Ex9-39), 600 pmol/kg/min), both, or neither (saline) 
were infused IV (t = 45-165min). On these four days, glucose (45g) 
was also infused intraduodenally (ID) (3kcal/min, between t = 75-135 
min). On a fifth day, saline was infused IV and ID, while maintaining 
elevated blood glucose as on the other days, to determine baseline 
insulin (C-peptide) secretion. ‘Arterialized’ venous blood was sam-
pled at t=0, 30, 45, 60, 75, 80, 90, 105, 120, 135, 150 and 165min for 
measurements of plasma C-peptide. The incretin effect was evaluated 
by the incremental area under the C-peptide curve between t = 75-165 
min (iAUC 75-165min) after subtracting baseline secretion, and contribu-
tions of GIP and GLP-1 assessed by comparing iAUC 75-165min with the 
relevant antagonists, using ANOVA.
Results: Glycemia was maintained at mean 9.3 (0.9) mmol/L (mean 
(SD) between t = 0-165 min and was comparable between the 5 study 
days. C-peptide secretion was reduced by the incretin receptor antago-
nists  (Ex9-39+GIP3-30 vs saline; 71(20) vs 227 (43) nmol/L x min 
(mean(SEM), p=0.001). The reduction in the incretin effect did not 

differ between the GLP-1 and GIP antagonist days (155(32) vs 142 
(33) nmol/L x min (mean(SEM), p=0.95.
Conclusion: In healthy humans, GIP and GLP-1 contribute approxi-
mately equally to the incretin effect. When antagonizing both GIP and 
GLP-1 receptors, a substantial incretin effect remains, suggesting the 
existence of other as of yet unknown incretin(s).

Clinical Trial Registration Number: ACTRN12619000382178
Supported by: NHMRC, IRF
Disclosure: S. Veedfald: None.

89
Restoration of impaired portal glucose sensing by targeted 
manipulation of GLP-1r density in a translational model of insu-
lin resistance
C. Malbert1, R.  Allouche2, M.  Horowitz3, K.L.  Jones3;
1Human Nutrition, Aniscan, INRAE, Saint-Gilles, France, 2Paltech, 
Paris, France, 3Adelaide medical school, Adelaide, Australia.

Background and aims: The portal glucose sensor informs the brain 
of changes in glucose inflow via vagal afferents that are dependent 
on the glucagon-like peptide-1 (GLP-1) receptor (GLP-1r). We have 
shown that GLP-1r expression within the portal vein is markedly 
reduced in a translational model of insulin resistance (IR), associ-
ated with altered glucose signaling to the brain. We now investigated 
the potential for restoring reduced portal GLP-1r expression in IR 
animals using a targeted infusion of bioactive molecules, which have 
been demonstrated to increase GLP-1r expression in vitro.
Materials and methods: Five groups, each of five miniature Yucatan 
minipigs, aged three years, were used. One group was maintained lean 
and insulin sensitive, while the remaining four were made IR by a high 
fat-high sucrose diet for 4 months. Insulin sensitivity was determined 
in all animals with a euglycaemic-hyperinsulinaemic clamp. The pre-
cise portal location of the low-density GLP-1r area (compared to lean 
animals) was initially defined using PET/CT imaging after the admin-
istration of 68Ga-DO3A- exendin-4 radioligand and a catheter, exiting 
in the portal connective tissue, was then fixed at this location during 
laparoscopy. This catheter was used to infuse continuously either saline, 
dihydrotestosterone (DHT, 10 μg/kg/24H), metformin (MET, 2 mg/
kg/24H), or exenatide (EX, 0.01 μg/kg/24H), i.e., molecules known to 
increase GLP-1r density in vitro. After 2 months continuous infusion, 
PET/CT imaging was repeated in all animals using the same GLP-1r 
radioligand. Vt coded images, the quantitative metric of receptor density, 
were obtained from PET/CT concurrently with monitoring of the arterial 
input function extracted from an arteriovenous shunt and radioHPLC of 
the authentic ligand in the plasma. Duodenal and pancreatic Vt were also 
computed as references of large GLP-1r expression organs.
Results: In IR animals, there was a marked reduction in GLP-1r den-
sity at the portal vein (p<0.05), but not in the pancreas or duodenum 
(see table). Treatment with DHT increased GLP-1r density at the 
portal vein substantially to be comparable to that in lean animals. 
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The other treatments had no effect on portal GLP-1r density. Fur-
thermore, no treatment affected the GLP-1r density in the pancreas 
or duodenum.
Conclusion: Localized administration of DHT, but not MET or EX, 
normalises portal GLP-1r density in IR animals, without affecting 
GLP-1r density in other organs. Accordingly, it is possible to restore 
impaired glucose sensing in IR animals. The implications for the 
pathogenesis and optimal management of insulin resistance /type 2 
diabetes in humans now require evaluation, especially as DHT can be 
delivered for extended periods using a controlled drug release pellet.

Supported by: This work was made possible by a grant from Paltech
Disclosure: C. Malbert: None.

90
Body weight independent effects of CT-868, a signalling biased 
dual GLP-1/GIP receptor modulator, on glucose homeostasis in 
overweight and obese adults with type 2 diabetes
M. Hompesch1, M.  Elliott2, M.  Hernandez1, S.  Hansen2, A.  Macias1, 
M.  Chakravarthy2;
1Prosciento Inc., San Diego, CA, USA, 2Carmot Therapeutics, Berke-
ley, CA, USA.

Background and aims: GLP-1 and GIP can deliver complementary 
pharmacology when combined. CT-868 is a biased dual GLP-1 and 
GIP receptor modulator that exhibits no beta-arrestin coupling or 
receptor internalization at either receptor. The primary aim of this 
study was to examine the body weight-independent effects of CT-868 
on insulin (INS) secretion via graded glucose infusion (GGI), glu-
cose (GLUC) homeostasis in response to a mixed meal tolerance test 
(MMTT), gastric emptying (GE) by acetaminophen absorption, and 
ad libitum food intake (FI), in people with type 2 diabetes (T2D).
Materials and methods: A total of 20 overweight and obese adults 
with T2D were split into 2 groups: CT-868 vs placebo (PL), n=7 
(group 1) and CT-868 vs PL vs liraglutide (Lira), n = 13 (group 2). 
CT-868 vs PL in both groups 1 and 2 was studied in a randomized, 
double-blind 2-period crossover fashion, and Lira in group 2 was 
administered in a fixed  3rd period. Mean age and BMI were 52.2 
years and 32.7 kg/m2 with 55% males. Treatments were administered 
daily for only 4 days to minimize weight loss with a washout of 14 
days in between each period.
Results: GGI data showed robust and significantly increased INS 
secretion for CT-868 vs PL [mean change (SD) in ISR/GLUC at GIR-
max: CT-868 1.1(0.1) vs PL 0.1(0.2), p <0.01; Lira 1.0(0.3) pmol/
kg/min]. MMTT based GLUC AUC 0-240min was significantly reduced 
for CT-868 vs PL [72(46) vs 392(48) mmol/L*min; p <0.05] and 
numerically lower vs. Lira [187(55) mmol/L*min]. GLUC lower-
ing was accompanied by significantly decreased INS AUC 0- 240min in 
the CT-868 treated group [1178(846) mU/L*min], versus both PL 
[5833(873) mU/L*min] and Lira [4613(1253) mU/L*min; p <0.05]. 
As both CT-868 and Lira had similar delayed GE vs PL, the con-
comitantly reduced GLUC and INS excursions seen with CT-868 sug-
gests improved INS sensitivity or enhanced INS independent GLUC 
disposal. CT-868 demonstrated minimal suppression of glucagon 

during MMTT vs Lira that showed glucagon lowering. Food intake 
(both absolute amount and total calories) was lower for CT-868 vs PL 
accompanied by reduction in hunger and appetite scores as assessed 
by visual analog scales. There were no significant body weight 
changes in any treatment period, as anticipated by design. The most 
frequent side effects reported for CT-868 were gastrointestinal (nau-
sea, diarrhea), which were mostly mild and transient. There were no 
discontinuations in the study due to treatment-related adverse events.
Conclusion: Taken together, these data support a robust weight-
independent effect of the fully biased dual GLP-1/GIP modulator 
CT-868 on glucose disposal with minimal suppression of glucagon, as 
compared to liraglutide, an unbiased GLP-1 receptor agonist. Further 
delineation of CT-868’s longer term effects in overweight and obese 
patients with both T2D and T1D is underway.
Clinical Trial Registration Number: NCT04973111
Disclosure: M. Hompesch: Employment/Consultancy; employment.
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OP 16 What new in type 1 diabetes 
treatment: focus on the islet cells

91
Treatment of 355 early type 1 diabetes with a combination of 
multiple immune modulatory drugs
Z. Talaeerad, K. Khodabakhshi Pirkalani;
Mehr Medical Group, Tehran, Islamic Republic of Iran.

Background and aims: Type I DM is regarded as not reversible. We 
and others have shown elsewhere, that residual beta cell activity remains 
for a long time. Three interconnected but not identical aims can be 
explained in early disease. Calming the auto immune process as exem-
plified by reduction of autoantibodies titer; increasing the Insulin output 
as exemplified by C-Peptide and reestablishment of a normal metabolic 
state as exemplified by reduced Insulin need and better HbA1C level.
Materials and methods: Three hundred and fifty five consecutive 
patients were enrolled. Seven landmarks including serum fasting insulin 
and C-Peptide, 2hpp Insulin and C-Peptide HbA1C and anti-Gad and 
anti-Islet cell antibody were measured on day zero and every 3 months 
for at least 12 months. Patients received a combination of Pioglutazone, 
Metformin, Empaglifolizine as pancreas calming protocol and Atorvas-
tatin, Vitamin A and Azithromycin as immune. The immune modulatory 
effect of all three mentioned agents are known and they were selected 
because of low side effect profile on long term, synergistic effect in 
preclinical trials and action on class I-MHC and eventually Class II.
Results: The astonishing results included an increase in C-Peptide 
and Insulin both fasting and 2hpp in almost 83% of the patients, a 
reduction of Anti-Gad and Anti-Islet Cell AB in up to 67% of the 
patients and a reduction of HbA1c in almost 93%. About 100 % could 
reduce their Insulin consumption, about 77% could discontinue their 
short acting Insulin and about 31% of the patients could discontinue 
their insulin injections completely.
Conclusion: To our knowledge, this is the first available and most success-
ful treatment in early type I DM that uses ordinary medications with the 
greatest efficacy and denotes that multiple low risk specific immune modu-
latory drugs might be more effective than highly immune suppressing 
ones. With a follow up of up to three years we have not encountered major 
relapses though minor fluctuations in one or some of the markers were seen 
and were responded by us with aggressive reactions. The reduced need 
for insulin injection with cessation of short acting insulin injections in a 
high percentage of patients is another major advantage of this approach.
Disclosure: Z. Talaeerad: None.
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Using a somatostatin receptor-2 antagonist to restore hypoglycae-
mia-induced glucagon secretion in type 1 diabetes
T.G. Hill1, R.  Gao1, J.G.  Knudsen2, N.J.G.  Rorsman1, Q.  Zhang1, A. 
 Clark1, P.  Rorsman1;
1Oxford Centre for Diabetes, Endocrinology, and Metabolism, Uni-
versity of Oxford, Oxford, UK, 2Department of Biology, University 
of Copenhagen, Copenhagen, Denmark.

Background and aims: In type 1 diabetes (T1D), counterregulatory 
alpha-cell glucagon secretion becomes insufficient, contributing to poten-
tially fatal hypoglycaemia. In streptozotocin-treated diabetic rats, soma-
tostatin receptor-2 (SSTR2) antagonists have been proposed to restore 
counterregulatory glucagon secretion. Here, we investigated the ability of 
the SSTR2 antagonist, CYN154806, to correct glucagon release during 
hypoglycaemia using the spontaneous, autoimmune non-obese diabetic 
(NOD) mouse model of T1D. We also examined the presence of SSTR2 
expression in islets from T1D and normoglycaemic donors.
Materials and methods: Islet hormone secretion was assessed 
in adult female diabetic (blood glucose ≥ 30.0 mmol/l) and 

normoglycaemic pre-diabetic control (blood glucose 5.4-8.3 mmol/l) 
NOD/ShiLtJ mice by in situ pancreas perfusion. Changes in alpha- 
and delta-cell SSTR2 expression were examined with quantitative 
immunocytochemistry in NOD diabetic compared with pre-diabetic 
NOD control, as well as in human T1D compared with normogly-
caemic (ND) subjects.
Results: Both diabetic and pre-diabetic NOD islets contained immune 
cell infiltration, with NOD and human diabetic islets exhibiting a marked 
reduction in insulin-positive area/islet. Whereas hypoglycaemia normally 
increased glucagon secretion from the perfused control NOD pancreas, this 
response was abolished in the diabetic pancreas (1 vs 10 mmol/l glucose; 
control, 20.9±1.65 vs 8.97±0.45; diabetic, 6.18±0.63 vs 6.42±0.58 pg/
min, n=8). Somatostatin secretion at 1 mmol/l glucose was abnormally 
elevated in the perfused pancreas of diabetic NOD mice (control vs dia-
betic, 2.13±0.09 vs 3.88±0.35 fmol/min, p<0.001, n=8). Application of 
the SSTR2 antagonist, CYN154806 (200 nmol/l), restored hypoglycaemia-
induced glucagon secretion from the diabetic NOD pancreas (1 mmol/l 
glucose + CYN154806 vs 1 mmol/l glucose, 33.3±3.77 vs 6.18±0.63 pg/
min, p<0.001, n=8). Alpha-cells in T1D displayed significantly higher 
co-localisation of glucagon with SSTR2 when compared with islets from 
ND (Pearson correlation coefficient, 0.596 vs 0.353, p < 0.0001, n = 2 
T1D and ND), suggesting an increase in alpha-cell SSTR2 expression.
Conclusion: Alpha-cell hypersensitivity to somatostatin contributes 
to the inhibition of glucagon secretion in T1D hypoglycaemia which 
can be alleviated by an SSTR2 antagonist. These data support the use 
of SSTR2 antagonists as a promising adjunct therapy to insulin for 
reducing hypoglycaemic risk in T1D patients.
Supported by: Novo Nordisk-Oxford Fellowship; Leona M. and Harry 
B. Helmsley Charitable Trust; Medical Research Council
Disclosure: T.G. Hill: None.
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Modulating the Hippo regulator YAP promotes beta cell regen-
eration in a model of type 1 diabetes
M. Madduri, S. Baskaran, M. Elawour, S. Rafizadeh, A. Ardestani, 
K. Maedler;
University of Bremen, Bremen, Germany.

Background and aims: Beta-cell regenerative therapy should replace 
what is missing in both type 1 and type 2 diabetes (T1D/T2D); highly 
functional beta-cells. The transcriptional regulator of the Hippo path-
way Yes Associated Protein (YAP) controls proliferation but is epige-
netically silenced and “disallowed” in mature pancreatic beta-cells. 
YAP re-expression in human beta-cells leads to a 3-fold induction of 
proliferation, which is accompanied by full preservation of insulin 
secretory function and beta-cell identity genes. Consistently, beta-
cell-specific YAP-overexpressing mice showed dramatic induction 
in beta-cell proliferation, together with a remarkable beta-cell mass 
expansion. Here we identified beta-cell-specific YAP-induced reversal 
of diabetes in a mouse model of T1D. A small molecule activator of 
YAP downstream signals showed similar effects on beta-cell prolif-
eration induction in human and mouse islets.
Materials and methods: Doxycycline inducible active YAP over-
expressing mice (Teto-YAPS127A) mice were cross-bred with mice 
carrying the tTA tetracycline transactivator under the control of the 
insulin promoter (RIP-rtTA) to achieve inducible beta-cell specific 
Rip-Ins2-TetO-hYAP1-S127A (beta-YAP) mice. In-vivo beta-cell 
destruction was induced by a single high-dose streptozotocin (STZ) 
injection and glucose homeostasis, beta-cell proliferation, apopto-
sis, and beta-cell specific gene expression were analyzed during the 
4-week experiment.
Results: Two different experimental intervention strategies, namely 
YAP induction for 2 weeks one week after STZ injection and for 2 
weeks with an interim pause, both showed a robust reduction of glu-
cose levels throughout the experiment and improvement of glucose 
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tolerance by YAP induction. In both experimental approaches, beta-
cell area, -mass, -survival, and -proliferation were robustly improved. 
Pharmacological induction of YAP downstream signals significantly 
induced beta-cell proliferation in human islets. A screen for impor-
tant functional genes for glucose-stimulated insulin secretion and 
key beta-cell transcription factors in human islets revealed consist-
ent upregulation of most genes, including MafA and PDX1, even 
under the situation of highly increased proliferation in control and 
importantly in islets from a T2D donor. Also, the transcription factor 
forkhead box M1 (FOXM1), which is critical for postnatal beta-cell 
proliferation and mass expansion and identified as the YAP target 
gene was highly upregulated.
Conclusion: Our results show that transient re-expression of YAP 
promotes beta-cell regeneration and β-cell mass restoration. YAP has 
a strong pro-proliferative activity in human islets in vitro and in mice 
in vivo and might be a novel target for beta-cell regenerative therapy 
to prevent loss (rapid in T1D, progressive in T2D) of functional pan-
creatic beta-cell mass in diabetes.
Supported by: JDRF, DFG
Disclosure: M. Madduri: None.
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Higher levels of autoantibodies directed against IFN-alpha in 
latent autoimmune diabetes in adults compared to type 1 diabetes
R. Amendolara, L. D’Onofrio, C. Castrucci, E. Maddaloni, S. Di 
Giulio, C. Mignogna, A. Siena, G. Giannini, R. Buzzetti;
Sapienza University of Rome, Rome, Italy.

Background and aims: Differently from type 1 diabetes (T1D), indi-
viduals with latent autoimmune diabetes in adults (LADA) show a slow 
decline in beta-cell reservoir over time. Immunological factors associated 
with the different natural history of LADA and T1D may unveil novel 
protective pathways for target therapies. IFN-alpha is recognized as a 
key trigger of deadly autoimmune attack against beta-cells during the 
early stages of T1D pathogenesis. We hypothesized that autoantibod-
ies against IFN-alpha (Abs-IFN-alpha) might neutralize the detrimental 
effect of IFN-alpha towards beta-cells and therefore might be associated 
with the less aggressive natural history of autoimmune diabetes observed 
in LADA. In this study, we aimed to investigate the presence of Abs-IFN-
alpha in sera of individuals with LADA compared to T1D.
Materials and methods: In this cross-sectional study, we enrolled 41 
individuals with LADA and 41 individuals with T1D matched 1:1 for 
sex and BMI. The IFN-alpha neutralizing titer was tested with the aid 
of HEK-BlueTM IFN-alpha/beta reporter cells that expresses alkaline 
phosphatase (AP) after stimulation with IFN-alpha2b. Clinical and 
biochemical data of people with LADA and T1D were retrieved from 
medical records.
Results: The comparison of the main clinical, anthropometric and 
biochemical features between individuals with LADA and T1D is 
summarized in Table 1. The frequency of Abs-IFN-alpha was 59% 
among participants with LADA, while 32% of individuals with T1D 
tested positive for these autoantibodies (p=0.015). Participants with 
LADA showed significantly higher levels of neutralizing Abs-IFN-
alpha than individuals with T1D (1.5 [0-3.2] vs 0 [0-2.6] ng/mL, 
respectively; p=0.028).
Conclusion: Abs-IFN-alpha may be found in sera of subjects with 
autoimmune diabetes. Individuals with slowly progressive autoim-
mune diabetes are more prone to develop autoimmunity against 
IFN-alpha than individuals with T1D. Future studies should unveil 
whether the presence of Abs-IFN-alpha might be related to a slower 
beta-cell destruction in people with LADA.

Supported by: Italian Ministry of University and Research (PRIN 
2017: 20175L9H7H)
Disclosure: R. Amendolara: None.
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Beta cell autophagy in type 1 diabetes pathogenesis: real-time 
in vivo discoveries
O. Melnyk1, C.  Muralidharan2, J.J.  Crowder1, B.E.  Duffett1, M.M. 
 Martinez3, A.K.  Linnemann1,2;
1Departments of Pediatrics, Indiana University School of Medicine, 
Indianapolis, IN, USA, 2Departments of Biochemistry & Molecular 
Biology, Indiana University School of Medicine, Indianapolis, IN, 
USA, 3Departments of Medicine, Indiana University School of Medi-
cine, Indianapolis, IN, USA.

Background and aims: Autophagy is a catabolic process used by 
all cells, including pancreatic β cells, to degrade old and damaged 
cellular components. Functional autophagy is critical for cell homeo-
stasis and stress response. Disruptions in autophagy have been dem-
onstrated in the context of multiple autoimmune diseases and were 
recently established by our group in the context of human type 1 
diabetes (T1D). We observed evidence of dysfunctional autophagic 
components in the islets of autoantibody positive human donors as 
well as in pre-diabetic nonobese diabetic (NOD) mice, suggesting 
defective autophagy prior to the hyperglycemia onset. However, our 
prior studies were limited by evaluation of a single time point of 
autophagic degradation. Therefore, we developed a method to study 
autophagy in β cells in real-time in vivo and evaluated autophagic flux 
in the pre-diabetic stage.
Materials and methods: For in vivo imaging of mice, wild type 
C57Bl/6J mice (RRID:IMSR_JAX:000664), male and female NOD 
mice (RRID:IMSR_JAX:001976), and NSG mice (RRID:IMSR_
JAX:005557) were intraperitoneally injected with a β cell selective 
dual fluorescent biosensor (AAV8.RIP1.mCherry.EGFP.LC3B). The 
biosensor marks β cell autophagosomes and its function is based on 
the different pH sensitivities of eGFP and mCherry proteins. Fusion 
of eGFP/mCherry labeled autophagosomes with acidic lysosomes 
during autophagic flux causes quenching of the eGFP signal, enabling 
real-time observation of autophagic flux in vivo. Three weeks post 
sensor injection, animals were anesthetized, and their pancreata exter-
nalized for intravital imaging using a LEICA SP8 DIVE multi-pho-
ton microscope. We injected mice with either saline or chloroquine 
(autophagy inhibitor) and observed the basal level of autophagic 
flux. Next, we injected animals with IFN-α, a cytokine associated 
with T1D pathogenesis. The collected images were analyzed, and 
the Pearson correlation coefficient of eGFP:mCherry punctae was 
calculated. In addition, the rate of the mCherry/colocalized puncta 
was evaluated over time to understand the autophagic flux change in 
response to IFN-α. For in vivo imaging of human islets, islets were 
infected with the autophagy biosensor in vitro and then transplanted 
under the kidney capsule of NSG mice. Two weeks later, intravital 
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imaging was performed on the kidney containing islets using a similar 
approach as above.
Results: We observed rapid stimulation of β cell autophagic flux by 
IFN-α in the absence of chloroquine in the C57Bl/6J and NSG mice. 
These effects were completely blocked in the presence of chloroquine. 
Alternatively, IFN-α caused little to no response in the female and 
male prediabetic NOD mice, and chloroquine had no effect. Human 
islets had much more variable levels of baseline autophagy that 
was donor-dependent, and had a heterogeneous response to IFN-α 
stimulation.
Conclusion: We report rapid stimulation of pancreatic β cell 
autophagic flux in response to IFN-α exposure in vivo in mouse and 
human β cells. Further, we demonstrate defects in β cell autophagic 
flux before diabetes onset in a NOD mouse model. Future studies will 
determine both the mechanism and timing of the autophagic decline 
and its specific role in autoimmune diabetes pathogenesis.
Supported by: NIH P30DK097512, NIH R01DK124380
Disclosure: O. Melnyk: None.
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Heterogeneity of islet cell physiology in the pathogenesis of type 
1 diabetes
C.M. Cohrs, A.K. Mojica Avila, S. Speier;
Institute of Physiology, Dresden, Germany.

Background and aims: Type 1 diabetes is characterized by progres-
sive immune cell mediated beta cell destruction, eventually leading 
to chronic hyperglycemia. Recent studies show that islet and beta 
cell mass is unequally distributed throughout the entire pancreas. 
Furthermore, islet immune cell infiltrations in T1D exhibit a rather 
patchy distribution throughout the pancreas during the pre-diabetic 
phase. However, it is currently still unclear if differences in islets and 
immune cell lesions lead to a preferential regional loss of beta cell 
mass and function in type 1 diabetes pathogenesis. We, therefore, 
aimed to investigate the regional heterogeneity of the functional beta 
cell mass in the head, body, and tail of the pancreas under physiologi-
cal conditions as well as in correlation to immune cell infiltration 
during type 1 diabetes development.
Materials and methods: Live pancreas tissue slices were obtained 
from the different regions of the pancreas of control (NOD.Scid) and 
diabetes-prone NOD female mice aged 3, 6, 9, and 12 weeks (n=3-10 
mice/group). Tissue slices were subjected to dynamic insulin secre-
tion measurements upon various stimuli and were subsequently fixed 
for further analyses. Fixed slices were immunostained against insulin, 
glucagon, and CD3 for a detailed 3D morphometric analysis. Insulin 
staining was additionally used to normalize beta cell volume to insulin 
secretion assessed before. Finally, calcium imaging was employed to 
investigate differences in cellular responsiveness between beta cells 
from the two mouse strains.
Results: The assessment of insulin secretion exhibited age-related 
but no regional differences in glucose responsiveness for both NOD. 
Scid and NOD mice. Subsequent immunohistochemistry analysis 
showed no major changes in endocrine volume and islet composi-
tion, thus resulting in comparable normalized secretion patterns in 
NOD. Scid mice. While these observations also account for most of 
the prediabetic NOD mice until 12 weeks of age, we could observe 
an increasing number of single pancreatic regions in mice (up to 21% 
at 12 weeks) depicting unresponsiveness to glucose that may indicate 
beta cell dysfunction prior the development of overt diabetes. Inter-
estingly, also in normoglycemic NOD mice, no overall differences in 
3D morphology or degree of infiltration were observed between the 
three regions. Additionally,  [Ca2+]i imaging on tissue slices could 
show that the islets of NOD mice display - independent of the degree 
of infiltration - a lower and desynchronized proportion of glucose-
responsive cells within the islets compared to NOD. Scid, further 

suggesting a beginning islet dysfunction. Recent onset hyperglycemic 
NOD females, however, exhibit an almost blunted insulin secretion 
and a near total loss of beta cell volume within the pancreas tissue 
slices. Surprisingly, the remaining beta cell volume showed a strik-
ingly high secretory capacity which might hint at a compensatory 
mechanism to counteract the elevated glucose levels in vivo around 
the onset time.
Conclusion: In summary, this study provides a paralleled view of 
islet morphology, function, and immune cell infiltration in the dif-
ferent regions of the NOD mouse pancreas during type 1 diabetes 
progression. We show that a functional decline precedes a signifi-
cant beta cell loss. Although no apparent differences suggest region-
specific effects on functional beta cell mass, our data instead suggest 
a strong heterogeneity on the lobular level.
Disclosure: C.M. Cohrs: None.



S53Diabetologia (2023) 66 (Suppl 1):S1–S536 

1 3

OP 17 New approaches: a magical mystery 
tour

97
The effect of 14-day exogenous ketone supplementation on fasting 
metabolic outcomes in adults with type 2 diabetes: a randomised 
controlled trial
K. Falkenhain1, H.  Neudorf1, K.  Madden2, J.  Walsh3, J.  Little1;
1University of British Columbia Okanagan, Kelowna, BC, Canada, 
2University of British Columbia Vancouver, Vancouver, BC, Canada, 
3McMaster University, Hamilton, ON, Canada.

Background and aims: Emerging research has shown an acute 
glucose-lowering effect of exogenous ketones, suggesting therapeu-
tic potential of these supplements in individuals with impaired glu-
cose metabolism. However, it is unknown how repeated ingestion of 
exogenous ketones affect metabolic health in individuals with type 
2 diabetes (T2D).
Materials and methods: We conducted a randomized, counter-
balanced, double-blind, placebo-controlled crossover trial to test 
the effects of thrice daily pre-meal ingestion of an exogenous 
ketone monoester supplement drink in adults with T2D on fasted 
glycemic and metabolic health outcomes. Adults with T2D (N = 
15, 40% female, mean [SD] age of 57 [9] years) completed two 
14-day intervention periods consuming ketone monoester [(R)-
3-hydroxybutyl (R)-3-hydroxybutyrate containing 15 g β-OHB] 
or calorie-free placebo 15 minutes prior to each meal for 14 days, 
separated by at least 14 days of washout. All meals were pro-
vided to participants with caloric intake matched between condi-
tions. Data were analyzed using a linear mixed effects model with 
condition (ketone monoester supplement vs placebo), time point 
(pre- vs post-intervention), period (which condition the partici-
pant engaged in first), and baseline value included as fixed factors 
as well as a random intercept for each participant. The interaction 
effect estimate (time by condition) alongside corresponding 95% 
confidence interval is reported as the main analysis of interest.
Results: A single dose of the ketone monoester supplement 
(containing 15 g of β-OHB) provided during the screening visit 
elevated blood β-OHB to 1.9 mM ± 0.7 mM within 30 minutes. 
Adherence to the supplement regimen throughout the 14-day 
intervention periods was high with >93% of supplements con-
sumed in both conditions. Self-reported gastrointestinal distress 
questionnaires assessing nausea, urge to vomit, bloating, belch-
ing, and cramping across the first 3 days of each intervention 
period showed greater incidence of symptoms following inges-
tion of the ketone supplement compared to placebo (P < 0.05). 
There were no differences between groups in change in glycemic 
outcomes of fasting glucose (0.6 mM; 95% CI: -0.6 to 1.9 mM; P 
= 0.31) or HbA1c (0.0 %; 95% CI: -0.2 to 0.2%; P = 0.97). Simi-
larly, no change was observed in fasting β-OHB, non-esterified 
fatty acids, insulin, or blood lipids (all P > 0.1).
Conclusion: In the context of this free-living, controlled-feeding ran-
domized controlled trial in adults with T2D, thrice daily pre-meal 
ingestion of a ketone monoester supplement did not improve glycemic 
control or affect other fasting metabolic outcomes. Future studies 
aiming to explore the mechanistic basis for the (lack of) glucose-
lowering effect of exogenous ketone monoester ingestion in different 
populations are warranted.

Clinical Trial Registration Number: NCT05155410
Supported by: Canadian Institutes of Health Research (CIHR) project 
grant (PJT-169116), Michael Smith Foundation for Health Research 
(MSFHR) Scholar Award (16890)
Disclosure: K. Falkenhain: None.
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ENT-03 rapidly decreases glucose prior to weight loss and acti-
vates brain regions involved in satiety and appetite regulation: 
comparison with semaglutide
D. Barbut1, J. Hecksher-Sorensen2, J.  Baur3, P.  Titchenell3, J.  Davis3, 
A.  Fleming4, M.B.  Zemel4, A.  Moses5, M.A.  Zasloff1;
1Enterin, Inc, Philadelphia, PA, USA, 2Gubra, Inc, Copenhagen, Den-
mark, 3Medicine, University of Pennsylvania, Philadelphia, PA, USA, 
4Kinexum, Inc., Harper’s Ferry, WV, USA, 5Memor consulting, Inc., 
Boston, MA, USA.

Background and aims: We discovered ENT-03 in newborn mouse 
brain, with potent glucose and weight lowering potential. This sper-
mine-bile acid appears postnatally at a time when the maternal supply 
of milk is inadequate to support maximal growth, requiring mobili-
zation of endogenous stores of energy. ENT-03 has potent PTP1B 
inhibitory activity and acts centrally to influence glucose metabolism 
and weight. In mice, ENT-03 phenocopies the PTP1B neuronal KO, 
reducing food intake, adiposity, insulin resistance, and hyperglyce-
mia. The current study explores the impact and potential mechanisms 
of ENT-03 on glycemia and weight in Diet Induced Obesity (DIO) 
mice.
Materials and methods: ENT-03 (25mg/kg; n=13), semaglutide 
(0.04mg/kg or 0.12mg/kg; n=5 and n=8 respectively) or vehicle (n=13) 
were administered s.c. x2 wkly for 10 wks to DIO mice fed a high fat 
diet. Weight, glucose and metabolic parameters were monitored. In a 
separate experiment, C57bl/6jR mice were administered a single dose of 
vehicle, ENT-03S or semaglutide and were euthanized 2 hrs later. Brains 
were stained for cFos and imaged at single cell resolution using light 
sheet microscopy. cFos data from individual brains were mapped onto 
an average mouse brain atlas and the number of cFos labelled cells was 
quantified in 286 regions.
Results: In ENT-03-treated DIO mice, non-fasting glucose rapidly 
fell into the range seen in nonobese animals within 2 wks and prior 
to significant weight loss. Weight fell substantially thereafter. In 
contrast, in semaglutide-treated mice, glucose fell in proportion to 
weight loss. ENT-03 caused C-Fos activation (p<0.001) compared 
to vehicle in 40 regions within the hypothalamus and brainstem 
involved in appetite suppression, food-entrained circadian rhythm, 
autonomic function and growth. ENT-03 also activated brainstem 
nuclei which enable autonomic responses. Semaglutide stimulated 12 
regions (p<0.001) over vehicle of which 10 were also significantly 
activated by ENT-03. ENT-03, but not semaglutide, stimulated the 
hypothalamic centers involved in energy homeostasis, including the 
POMC region of the arcuate nucleus, the lateral preoptic area, the 
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paraventricular nucleus, the tuberal nucleus, and the dorsomedial 
nucleus (Figure 1).
Conclusion: ENT-03 is a novel, endogenous, centrally acting steroid 
with PTP1B inhibitory activity which rapidly normalizes glucose 
independent of body weight by acting on hypothalamic and brain-
stem circuits that regulate energy and metabolism in mice. The neu-
ral circuits affected by ENT-03 appear to differ from those impacted 
by semaglutide suggesting a different mechanism of action. Phase 1 
studies in subjects with obesity and diabetes are underway.

Disclosure: D. Barbut: None.

99
New pharmacological approaches to improve insulin secretion 
in type 2 diabetes
B. Merino1, A. Sanz-González1, I. Cózar-Castellano1,2, C.  Broca3, 
J.  Sabatier3, G.  Acosta4,5, M.  Royo4,5, C. Hernándo-Muñoz6, T. 
 Torroba6, G.  Perdomo1;
1Institute of biomedicine and molecular genetics (IBGM), Univer-
sity of Valladolid - CSIC, Valladolid, Spain, 2Biomedical Research 
Networking Center in Diabetes, Madrid, Spain, 3IRMB Hopital St 
Eloi, Montpellier, France, 4Biomedical Research Network Center 
in Bioengineering, Biomaterials and Nanomedicine, Barcelona, 
Spain, 5Department of Surfactants and Nanobiotechnology, Insti-
tute for Advanced Chemistry of Catalonia, Barcelona, Spain, 
6Department of Chemistry, University of Burgos, Burgos, Spain.

Background and aims: Type 2 diabetes (T2D) is a complex poly-
genic disease that involved chronic low-grade inflammation and 
immunological imbalance. Preimplantation factor (PIF) is a peptide 
expressed in the embryo and its placenta, and its synthetic form sPIF 
is a safe FDA-approved drug for use in humans, able to mimic the 
functions of natural PIF and has immunomodulatory and anti-inflam-
matory properties. PIF targets insulin-degrading enzyme (IDE), a 
protease with a high affinity for insulin, albeit degrades other small 
peptides. IDE is linked to increased susceptibility to develop T2D 
and its pancreatic and hepatic expression levels are altered in people 
with T2D. We demonstrate that IDE is necessary for the regulation 
of insulin secretion in β-cells. The aim of this work is to demonstrate 
that sPIF-mediated pharmacological activation of IDE improves 
glucose-stimulated insulin secretion (GSIS) and glucose tolerance 
in preclinical models of T2D.
Materials and methods: We used a preclinical murine model of T2D 
induced by high-fat diet feeding (HFD) for 12 weeks. This model was 
treated with saline or sPIF (1mg/kg/day) for 25 days using subcutane-
ous minipumps. Glucose tolerance, circulating insulin and C-peptide 
levels, and glucose-stimulated insulin secretion were assessed. In addi-
tion, the Min-6 cell line was used in order to test the effect of sPIF in 
vitro on GSIS and IDE activity. The effect on GSIS was also tested in 
human islets.

Results: Obese mice treated with sPIF showed improved glucose tol-
erance and a significant increase in circulating insulin and C-peptide 
levels, with no changes in hepatic insulin clearance. Pancreatic islets 
from sPIF-treated obese animals recovered the physiological ability to 
secrete insulin in response to high glucose. In addition, MIN-6 cells 
showed increased GSIS in parallel to a significant increase in IDE activ-
ity, suggesting that the proteolytic activity is necessary for the effects 
on insulin secretion. Increased GSIS was also observed in sPIF-treated 
human islets.
Conclusion: sPIF is able to recover the glucose-stimulated insulin 
secretion capacity of β-cells in a preclinical model of T2D and human 
islets. This effect is in turn related to an increase in IDE activity. 
Therefore, sPIF is a potential secretagogue for its use in people with 
T2D.
Supported by: EFSD-Novo Nordisk Rising Star, SED, Ministe-
rio Ciencia y Universidades, La Caixa, Generalitat de Catalunya, 
CIBER-BBN, IBGM, Junta CyL
Disclosure: B. Merino: None.
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Pancreatic gene therapy durably improves glycaemia and delays 
disease progression in a murine model of type 2 diabetes
H. Rajagopalan, C. Lubaczeuski, E. Cozzi, N. Picard, J. Wainer, R. 
Reese, J. Caplan, J. West, A.P. Liou;
Fractyl Health, Inc., Lexington, MA, USA.

Background and aims: Beta cell (β-cell) failure is a key pathophysi-
ological driver of type 2 diabetes (T2D) progression. Preservation 
of β-cell function is essential to maintaining glycaemic control and 
preventing T2D complications. Glucagon-like peptide-1 receptor 
agonists (GLP1RAs) have demonstrated clinical efficacy and are 
thought to improve β-cell function. However, the requirement for 
chronic administration and systemic side effects limit their long-term 
effectiveness. Localized pancreatic GLP1RA production may enable 
durable islet-cell benefit and glycaemic control while diminishing 
side effects. We developed a novel adeno-associated virus (AAV) 
gene therapy delivery platform to enable local and durable production 
of therapeutic proteins by the pancreas. In this study, we investigated 
the effects of an optimized β-cell-restricted GLP1RA gene therapy 
on glucose metabolism and disease progression in the db/db mouse 
compared to semaglutide (Sema), a well-established GLP1RA.
Materials and methods: To establish a baseline response to chronically 
administered systemic GLP1RA in the db/db model, Sema (10 nmol/
kg) or vehicle were given daily to 5-week-old mice for 10 weeks (n=8/
group). We utilized β-cell and islet-based, in vitro, screening assays 
to identify GLP1RA transgene candidates optimized for β-cell-driven 
GLP1RA production, protein secretion, and glucose-stimulated insu-
lin secretion. To evaluate the impact of a single-dose GLP1RA gene 
therapy, 1) optimized β-cell-restricted AAV-GLP1RA, 2) AAV control, 
or 3) vehicle were given to 5-week-old db/db mice (n=8/group). Fast-
ing blood glucose (FBG), fasting insulin (FI), and glucose tolerance 
via an intraperitoneal glucose tolerance test (IPGTT) were evaluated 
to determine treatment effect. To confirm gene therapy islet restriction, 
GLP1RA pancreatic and serum-protein expression were determined by 
immunohistochemistry and liquid chromatography with tandem mass 
spectrometry.
Results: Sema-treated mice had a 64% decrease in FBG (p<0.0001) 
and a 3.5-fold increase in FI (p=0.01) across the time course. Glucose 
tolerance was significantly improved during IPGTT at weeks 3, 6, 
and 9 (p<0.001). Remarkably, AAV-GLP1RA treatment decreased 
FBG levels by 70% (p<0.0001) and elevated FI by 1.9 fold (p<0.01) 
for 10 weeks compared to controls. Glucose tolerance was improved 
during IPGTT at weeks 3, 5, 7, and 9 (p<0.01). AAV-GLP1RA pro-
tein was undetectable in serum and restricted to the islet, suggesting 
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improved glycaemic control was due to intra-islet GLP1RA production 
and signaling.
Conclusion: In this study, we establish that a single-dose, β-cell-
restricted, GLP1RA gene therapy can induce similar improvements 
in glycaemia and delay disease progression compared to chronic 
systemic Sema administration in a murine model of T2D. Taken 
together, these data provide proof of concept that an islet-restricted 
pancreatic gene therapy has the potential to durably treat metabolic 
diseases, including T2D.
Disclosure: H. Rajagopalan: Employment/Consultancy; Fractyl 
Health, Inc. Stock/Shareholding; Fractyl Health, Inc.
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Electroporation therapy (ReCET) of the duodenum combined 
with GLP-1RA to replace insulin in type 2 diabetes patients: 12 
months results from the first-in-human study
C.B.E. Busch1, S.  Meiring2, A.C.G. van  Baar2, F.  Holleman3, M. 
 Nieuwdorp3, J.J.G.  Bergman2;
1Amsterdam UMC, Amsterdam, Netherlands, 2Gastroenterology 
and Hepatology, Amsterdam UMC, Amsterdam, Netherlands, 
3Internal Medicine, Amsterdam UMC, Amsterdam, Netherlands.

Background and aims: Exogenous insulin is the final treatment 
option for controlling hyperglycemia in patients with type 2 dia-
betes (T2D) but contributes to weight gain and deterioration of 
metabolic health. Studies have shown that duodenal mucosal abla-
tion (DMR) results in better glycemic control by improving insulin 
resistance, the root cause of T2D and the metabolic syndrome. Re-
Cellularization via Electroporation Therapy (ReCET), is a novel 
endoscopic procedure that uses electroporation to elicit cell apop-
tosis with subsequent re-cellularization in the duodenal mucosa. In 
this first-in-human study we aimed to eliminate insulin treatment 
in patients with T2D using a single ReCET procedure combined 
with a GLP-1 receptor agonist (GLP-1RA). Safety, feasibility, and 
efficacy of ReCET combined with GLP-1RA were assessed.
Materials and methods: First-in-human study in 14 patients with 
T2D, 28-75 years old, body mass index (BMI) 24-40 kg/m2, with a 
glycosylated hemoglobin (HbA1c) ≤ 64 mmol/mol, basal insulin 
dose < 1 U/kg/day, c-peptide ≥ 0.2 nmol/l. All patients underwent 
ReCET under deep sedation, followed by a 2 week isocaloric liquid 
diet. Thereafter semaglutide (GLP-1RA) was introduced and titrated 
up to 1 mg/week. Primary feasibility endpoints (procedure time [time 
from catheter-in to catheter-out], technical success rate, % of patients 
tolerating GLP-1RA) and safety endpoints ((S)AEs including hypo-
glycemic events) were assessed. Primary efficacy endpoint was the 
number of subjects off insulin at 6 months with HbA1c ≤ 58 mmol/
mol. At baseline, 6 and 12 months follow-up glycemic and metabolic 
data and treatment satisfaction scores were collected and assessed 
with the Wilcoxon paired signed-rank test. Data are presented as 
median with interquartile range (IQR).
Results: Median age was 62 (IQR 54 - 67) years, 57% was male 
and median units of daily insulin were 27 (IQR 22 - 33). ReCET 
showed a technical success rate of 100% with a median axial treat-
ment length of 12 cm (IQR 11 - 14) centimeter. Procedure time was 
58 (IQR 49-73) minutes. Maximum semaglutide dosage was toler-
ated by 13 (93%) patients. No device related SAEs were observed. 
One patient experienced a hypoglycemic event without need for third 
party assistance. Up until 12 months, 12 (86%) patients were off 
insulin, whilst showing significant improvements in glycemic control 
(HbA1c, fasting plasma glucose, time in range of glucose values), 
metabolic parameters and improved treatment satisfaction (Table 1).
Conclusion: These results suggest that ReCET with the Endogenex 
system is safe and feasible. ReCET in combination with semaglu-
tide is a promising new therapeutic option that may effectively 
eliminate insulin therapy in selected T2D patients, while improving 
glycemic control and overall metabolic health.

Clinical Trial Registration Number: NL9482
Supported by: Unrestricted research grant from Endogenex.
Disclosure: C.B.E. Busch: None.

102
Study of MultI-eLectrode EndovaScular denervaTiOn in patieNts 
with type 2 diabetes mEllitus (MILESTONE): 6-month analysis 
from the first-in-human proof-of-concept study
T. Pan, Z. Wang, G.-J. Teng;
Southeast University, Nanjing, China.

Background and aims: To assess safety and glycemic indices at 6 
months in a first-in-human proof-of-concept study of a minimally 
invasive, catheter-based endovascular denervation (EDN) procedure, 
in patients with type 2 diabetes mellitus (T2DM).
Materials and methods: Using a novel six-electrode catheter system, 
EDN was conducted on the celiac artery (CA), and aorta between CA 
and the superior mesenteric artery (SMA) in T2DM patients at a single 
medical center. The major inclusion criteria are T2DM patients diag-
nosed over 5 years, with glycosylated hemoglobin (HbA1c) over 7.5%. 
The primary outcomes were evaluated by the safety, HbA1c, homeosta-
sis-model assessment of insulin resistance (HOMA-IR), fasting plasma 
glucose (FPG) and 2-hour postprandial plasma glucose (2hPG), oral 
glucose tolerance test (OGTT) based 3-hour C-peptide test at interval 
of 3, 6, 12, 18 and 24 months, respectively. The antidiabetic medication, 
lifestyle, physical condition, blood pressure (BP), plasma norepinephrine, 
angiotensin II, liver biochemistry, and plasma lipids were also recorded.
Results: A total of 11 T2DM patients were included for analysis. The tech-
nical success was 100% and no severe treatment-related adverse events or 
major complications were observed. Both HbA1c and HOMA-IR signifi-
cantly reduced at 6 months, from 9.9±1.6 to 8.0±2.4% (P = 0.005), and 
from 13.3 (IQR 5.9-46.1) to 6.0 (IQR 3.1-11.9) (P = 0.016), respectively. At 
1, 3, and 6 months of follow-ups, FPG levels were 10.2±0.8, 10.1±1.2, and 
9.6±1.7 mmol/L, respectively, compared to 15.4±1.6 mmol/L at baseline (P 
= 0.001, < 0.001, and < 0.001, respectively), and 2hPG levels were 11.8±3.0, 
11.4±4.0, and 11.0±5.9 mmol/L, respectively, compared to 17.9±6.0 mmol/L 
at baseline (P = 0.001, 0.001, and 0.002, respectively). OGTT based 3-hour 
C-peptide release test showed improved beta-cell function (AUC 0.23 (IQR 
0.18-0.32) vs. 0.28 (IQR 0.21-0.38) pmol/mL, P = 0.046). A reduction of 
daily insulin injection was also observed (24 (IQR 15.5-47) vs. 19 (IQR 
9-27.5) IU, P = 0.018) without changes in lifestyle. Improvements of liver 
function were observed although physical conditions, BP, plasma norepineph-
rine, angiotensin II, and blood lipids were not changed during follow-ups.
Conclusion: The 6-month analysis from this trial shows that EDN 
using the novel six-electrode catheter system at the new sites of 
CA and aorta between CA and SMA elicits a clinically significant 
improvement in hyperglycemia in patients with T2DM, with good 
tolerability. More patients registered with a long-term follow-up, and 
the insight mechanism of EDN are warranted.
Clinical Trial Registration Number: NCT 04086043
Disclosure: T. Pan: None.
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Incidence trends of type 1 and type 2 diabetes in children and 
adolescents in Germany, 2002-2020
A. Stahl-Pehe1,2, C. Bächle1,2, S.  Lanzinger3,2, C.  Kamrath4, R.W. 
 Holl5,2, J.  Rosenbauer1,2;
1Institute for Biometrics und Epidemiology, German Diabetes 
Center (DDZ), Düsseldorf, Germany, 2German Center for Diabe-
tes Research (DZD), Munich-Neuherberg, Germany, 3Institute of 
Epidemiology and Medical Biometry, ZIBMT, University of Ulm, 
Ulm, Germany, 4Center of Child and Adolescent Medicine, Justus 
Liebig University, Giessen, Germany, 5Institute of Epidemiology 
and Medical Biometry, ZIBMT, University of Ulm, Düsseldorf, 
Germany.

Background and aims: Estimates of diabetes incidence in children 
and adolescents are an important basis for allocating health resources 
and defining prevention measures. The aim of the study was to esti-
mate incidence trends of type 1 diabetes (T1D) and type 2 diabetes 
(T2D) in children and adolescents under the age of 20 years for the 
period 2002 to 2020 in Germany.
Materials and methods: The diabetes incidence register of North 
Rhine-Westphalia (NRW), the most populous German federal state 
(22% of the total population of Germany) records newly diagnosed 
children and adolescents under the age of 20 years via three data 
sources: the prospective hospital-based active surveillance sys-
tem ESPED, annual practice surveys and the nationwide Diabetes 
Prospective Follow-up Registry (Diabetes-Patienten-Verlaufsdo-
kumentation, DPV). Completeness of ascertainment was estimated 
using the capture-recapture-method. Point and interval estimates 
(95% CIs) of incidence (per 100,000 person-years) were based 
on the person-years method and age- and/or sex-standardised by 
the direct method using equal weights. Poisson regression analy-
ses accounting for overdispersion were used to estimate temporal 
trends.
Results: Between 2002 and 2020, 14,980 (8,165 boys) and 670 (284 
boys) children and adolescents were newly diagnosed with T1D and 
T2D, respectively. Ascertainment was 99.0% (T1D) and 92.5% (T2D) 
complete. Corrected for ascertainment, the incidence of T1D and T2D 
was 22.9 (22.6; 23.3) and 2.0 (1.9; 2.2), respectively. In boys, compared 
with girls, T1D incidence was higher (24.3 [23.8; 24.8] vs. 21.5 [21.0; 
22.1]), but T2D incidence was lower (1.7 [1.5; 1.8] vs. 2.4 [2.2; 2.6]). 
The T1D incidences for the age groups 0-4, 5-9, 10-14 and 15-19 years 
were 17.8 (17.1; 18.4), 30.6 (29.8; 31.5), 31.4 (30.6; 32.3) and 11.9 
(11.4; 12.4), respectively. The T2D incidences for the age groups 10-14 
and 15-19 years were 1.8 (1.6; 2.0) and 2.3 (2.1; 2.5), respectively. 
The incidence of T1D and T2D increased annually by 2.0% (1.5%; 
2.4%) and 4.9% (3.2%; 6.6%), respectively, with only small differences 
between boys and girls (T1D: 2.1% [1.6%; 2.7%] vs. 1.8%, [1.1%; 2.4%] 
and T2D: 5.1% [2.5%; 7.9%] vs. 4.7% [2.4%; 7.0%]). T1D incidence 
has plateaued in the youngest age group (0.5% [-0.5%; 1.4%] annual 
increase), but increased in the age groups 5-9, 10-14 and 15-19 years 
by 2.2% (1.5%; 2.9%), 2.7% (2.0%; 3.4%) and 1.6% (0.5%; 2.6%) annu-
ally, respectively. T2D incidence increased annually by 6.7% (4.0%; 
9.4%) among 10- to 14-year-olds and by 3.5% (1.3%; 5.8%) among 
15- to 19-year-olds.
Conclusion: The incidence of T1D in children and adolescents in 
Germany is significantly higher than the incidence of T2D. How-
ever, the incidence of T2D has increased more than the incidence 
of T1D over the last two decades.
Disclosure: A. Stahl-Pehe: None.
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Secular trends in the occurence of islet autoimmunity and type 1 
diabetes by the age of 5 years in genetically susceptible children: 
a birth cohort analysis
A. Kyrönniemi1, T.  Pokka1, T.  Valtanen1, J.  Lempainen2,3, H. 
Hyöty4,5, J.  Ilonen3, J.  Toppari2,3, J.  Kero2,3, M.  Knip5,6, R.  Veijola1;
1Department of Pediatrics, Research Unit of Clinical Medicine, Medi-
cal Research Center, University of Oulu and Oulu University Hospital, 
Oulu, Finland, 2Department of Pediatrics, Turku University Hospital, 
Turku, Finland, 3Institute of Biomedicine, University of Turku, Turku, 
Finland, 4Department of Virology, Tampere University, Tampere, Fin-
land, 5Tampere Centre for Child Health Research, Tampere University 
Hospital, Tampere, Finland, 6Pediatric Research Center, Children’s 
Hospital, University of Helsinki, Helsinki, Finland.

Background and aims: The incidence of type 1 diabetes increased in 
Finland until mid-2000´s. The secular trend in the occurence of islet 
autoimmunity or type 1 diabetes in genetically susceptible children 
has not been studied before. Our aim was to determine whether there 
were differences between various birth cohorts in the occurrence of 
islet autoimmunity or type 1 diabetes by the age of 5 years in Finnish 
children with HLA-conferred increased risk.
Materials and methods: The Type 1 Diabetes Prediction and Preven-
tion (DIPP) study is a prospective follow-up study of Finnish children 
with HLA class II risk genotype for type 1 diabetes. HLA inclusion 
criteria were tightened in 2010. Islet autoantibodies to insulin (IAA), 
glutamic acid decarboxylase (GADA) and insulinoma associated anti-
gen-2 were analysed regularly. Zinc transporter 8 autoantibodies were 
analysed from multipositive children until Apr 2019, and from every 
follow-up sample thereafter. Positivity for the same islet autoantibody 
in two consecutive samples was considered confirmed. The presence 
of linear trend in the incidences of T1D and autoantibodies by the age 
of 5 years with respect to increase in birth year in four birth cohorts 
(Nov 1994-Jul 1997, Jan 2003-Aug 2004, Mar 2010-Dec 2015, and 
Jan 2016-Nov 2017) was tested by Linear-by-Linear test (IBM SPSS 
Statistics for Windows, version 29. Armonk, NY: IBM Corp).
Results: In the four birth cohorts, 5631 children were followed until the 
age of 5 years or until diagnosis of type 1 diabetes before 5 years of age. 
The frequency of confirmed positivity for single or multiple autoantibodies, 
the appearance of GADA as the first autoantibody, and the occurrence of 
type 1 diabetes increased towards the two most recent birth cohorts, and 
were highest in the most recent birth cohort. The trend for IAA as the first 
appearing autoantibody was not statistically significant. (Table)
Conclusion: In the four birth cohorts from the DIPP study an increasing 
secular trend in the occurrence of both islet autoimmunity and type 1 dia-
betes by the age of 5 years was observed. The differences between the first 
two birth cohorts and the third one could be due to tightened HLA inclusion 
criteria in 2010. However, for the two most recent birth cohorts, similar 
HLA inclusion criteria were applied, and the observed trend likely reflects 
a true increase in islet autoimmunity and type 1 diabetes.

Clinical Trial Registration Number: NCT03269084
Supported by: JDRF, Academy of Finland, Finnish Foundations and 
University Hospitals.
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Disclosure: A. Kyrönniemi: None.
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Residual insulin after anti-viral treatment with pleconaril and 
ribavirin in new onset type 1 diabetes: a randomised, placebo-
controlled, double blind, clinical trial
I. Mynarek1, L.  Krogvold1, E.  Ponzi2, F.C.B. Mörch3,4, T.W. 
 Hessel3,4, T.  Roald1, N.  Lindblom5, J.  Westman5, P.  Barker6, J. 
 Ludvigsson7, K.F.  Hanssen1, H. Hyöty8,9, J.  Johannesen3,4, K. 
Dahl-Jørgensen1,10;
1Oslo University Hospital, Oslo, Norway, 2Clinical Trial Unit, 
Oslo University Hospital, Oslo, Norway, 3Department of Clinical 
Medicine, Steno Diabetes Center, Copenhagen, Denmark, 4Fac-
ulty of Health and Medical Sciences, University of Copenhagen, 
Copenhagen, Denmark, 5Apodemus AB, Stockholm, Sweden, 
6NIHR Cambridge Biomedical Research Centre, Cambridge, UK, 
7Linköping university, Linköping, Sweden, 8Faculty of Medicine 
and Health Technology, Tampere University, Tampere, Finland, 
9Fimlab laboratories, Tampere, Finland, 10University of Oslo, 
Oslo, Norway.

Background and aims: Previous studies have shown a clinically 
significant association between enterovirus infection and onset of 
clinical diabetes and a low-grade enterovirus infection has been 
demonstrated in the pancreatic islets of patient with newly diag-
nosed type 1 diabetes. The aim of this study was to determine the 
effect of antiviral treatment with the combination of pleconaril and 
ribavirin on beta cell function in children and adolescents from 
onset of type 1 diabetes.
Materials and methods: In this phase-II, placebo-controlled, 
double-blind, parallel-group trial, 96 children (6-15 years) were 
randomly assigned to receive oral antiviral treatment (pleconaril 
and ribavirin) (n=47, 19 females) or placebo (n=49, 21 females) for 
6 months, started less than 3 weeks after diagnosis of type 1 diabe-
tes (baseline). Primary endpoint was endogenous insulin production 
at 12 months, measured by area under the concentration-time curve 
(AUC) for C-peptide level in response to a 2-hour mixed-meal tol-
erance test (MMTT) in the full analysis set population. A mixed 
model for repeated measures was used, and the treatment effect 
was estimated as the average marginal effect at 12 months (AME). 
Secondary endpoints included preserved peak C-peptide level > 0.2 
pmol/mL during MMTT, insulin dosage, HbA1c, glycated albumin, 
and severe hypoglycemic events.
Results: At 12 months, mean 2-hour C-peptide AUC was sig-
nificantly higher in the antiviral group than in the placebo group 
(AME 0.057, p=0.04, adjusted for baseline level). This equates 
to a 37% higher C-peptide level at 12 months in the antiviral 
group, see figure. 36/42 vs. 30/45 of the subjects, respectively, 
had maximal C-peptide > 0.2 pmol/mL (p=0.04) at 12 months. 
There were no significant differences regarding HbA1c, glycated 
albumin, insulin dosage, severe hypoglycemic events or adverse 
events at 12 months.
Conclusion: Among children with newly diagnosed type 1 diabe-
tes, a 26-weeks course with two antiviral drugs partially preserved 
stimulated C-peptide secretion 12 months after diagnosis and a 
higher proportion of participants with clinically relevant preserved 
C-peptide secretion than placebo. Further studies are needed to 
optimize the anti-viral treatment.

Clin ica l  Tr ia l  Regis t ra t ion  Number:  EudraCT num-
ber2015-003350-41; ClinicalTrial.gov number NCT04838145
Supported by: Health Region South East, Norway; JDRF, US; EU, 
INNODIA and INNODIA Harvest
Disclosure: I. Mynarek: None.

106
Time trends in the incidence of diabetic ketoacidosis among 
adults with type 1 diabetes: a nationwide Danish register study
E. Buur Stougaard1, H.  Amadid2, E. Søndergaard3, B.  Carstensen2, 
M. Eika Jørgensen4, K. Nørgaard5, P.  Rossing1, F.  Persson1, D. 
 Vistisen2;
1Complication Research, Steno Diabetes Center Copenhagen, 
Herlev, Denmark, 2Clinical Epidemiology, Steno Diabetes Center 
Copenhagen, Herlev, Denmark, 3Steno Diabetes Center Aahus, 
Aarhus, Denmark, 4Steno Diabetes Center Greenland, Nuuk, 
Greenland, 5Diabetes Technology Research, Steno Diabetes Center 
Copenhagen, Herlev, Denmark.

Background and aims: Diabetic ketoacidosis (DKA) is a life-
threatening but preventable complication of diabetes that occurs 
most frequently in persons with type 1 diabetes. We aimed to quan-
tify the incidence of DKA according to age and describe the time 
trend of DKA among adults with type 1 diabetes in Denmark.
Materials and methods: Individuals aged ≥18 years with type 1 
diabetes were identified from a nationwide Danish Diabetes reg-
ister. Hospital admissions due to DKA were ascertained from the 
National Patient Register. Follow-up period was from 1996 to 2020.
Results: The cohort consisted of 24.718 adults with type 1 diabe-
tes of which 14.457 (58%) were men. The incidence rate of DKA 
per 100 person years (PY) decreased with increasing age for both 
men and women. From 20 to 80 years of age the DKA incidence 
rate decreased from 3.27 to 0.38 per 100 PY. From 1996-2008 the 
incidence rate of DKA increased for all age groups with a subse-
quent minor decrease in incidence rate until 2020. From 1996-2008 
the incidence rates increased from 1.91 to 3.77 per 100 PY for a 
20-year old man and from 0.22 to 0.44 per 100 PY for an 80-year 
old man. From 2008-2020 the incidence rates decreased from 3.77 
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to 3.27 per 100 PY for a 20-year old man and from 0.44 to 0.38 per 
100 PY for an 80-year old man.
Conclusion: The incidence rates of DKA are declining according 
to age and with an overall decline from 2008 for both men and 
women. This likely reflects improved diabetes management for 
persons with type 1 diabetes in Denmark.

Disclosure: E. Buur Stougaard: None.
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Enhanced immune response to cow’s milk is associated with 
the development of islet autoimmunity and type 1 diabetes: the 
TRIGR birth cohort study
S. Niinistö1, D.  Cuthbertson2, M.E.  Miettinen1, L.  Hakola3, A. 
 Nucci4, T.  Korhonen1, H. Hyöty3, J.P.  Krischer2, O.  Vaarala5, M. 
 Knip5, E.  Savilahti6, S.M.  Virtanen1, TRIGR Investigators;
1Finnish Institute for Health and Welfare, Helsinki, Finland, 2Univer-
sity of South Florida, Tampa, FL, USA, 3Tampere University, Tam-
pere, Finland, 4Georgia State University, Atlanta, GA, USA, 5Uni-
versity of Helsinki, Helsinki, Finland, 6Helsinki University Hospital, 
Helsinki, Finland.

Background and aims: Prospective cohort study findings and their 
meta-analysis consistently suggest that the high amount of cow’s milk 
consumed during childhood is a risk factor of islet autoimmunity 
and type 1 diabetes. Further, increased humoral immune responses 
to cow’s milk proteins have been associated with increased risk of 
developing type 1 diabetes in one small cohort study and several 
case-control studies. Our aim was to study whether humoral immune 
responses to cow’s milk are associated with type 1 diabetes -related 
islet autoimmunity or type 1 diabetes in a large, international rand-
omized infant feeding trial.
Materials and methods: The study was carried out in the Trial to 
Reduce IDDM in the Genetically at Risk (TRIGR) cohort compris-
ing children born between 2002-2007 in 15 countries. The TRIGR 
study is double-blind randomized clinical trial in 2159 infants with 
increased genetic risk for type 1 diabetes and a first-degree relative 
with type 1 diabetes. The participants were randomized to an exten-
sively hydrolyzed casein formula or a regular cow’s milk protein 
formula (control). Children were followed for the development of 
type 1 diabetes -related autoantibodies up to 10 years of age, and 
serum samples were collected at 3 to 12 months’ intervals. Antibodies 
to cow’s milk proteins were analyzed in 2069 children from samples 
taken from birth to 3 years of age. Milk consumption after 18 months 

up to 10 years of age was assessed biannually with a food frequency 
questionnaire. Associations between antibody levels against milk 
antigens and milk consumption with the risk of islet autoimmunity 
and type 1 diabetes were analyzed by Cox time-dependent survival 
model.
Results: Cow’s milk IgG antibody levels both in cord blood and lon-
gitudinally from birth to 3 years of age were associated with increased 
risk of developing islet autoimmunity [cord blood HR 1.30 (95% CI 
1.05-1.61); longitudinal 1.39 (1.07-1.81)] and type 1 diabetes [cord 
blood 1.32 (1.02-1.71); longitudinal 1.43 (1.04-1.96)] during the 
10-year follow-up period. Further, intake frequency of liquid milk 
after infancy was associated with increased risk of islet autoimmun-
ity [1.18 (1.05-1.33)].
Conclusion: Increased levels of cow’s milk antibodies and high 
intake of liquid milk after infancy are associated with the develop-
ment of islet autoimmunity and/or type 1 diabetes in the TRIGR study 
cohort supporting the view that aberrant mucosal immune response 
to bovine proteins is a feature linked to type 1 diabetes and related 
autoimmunity.
Clinical Trial Registration Number: NCT00179777
Supported by: NIH, NICHD, NIDDK, CIHR, JDRF, CEC, EFSD/
JDRF/Lilly Programme, AKA, DDRF, Finnish Diabetes Research 
Foundation
Disclosure: S. Niinistö: None.
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Spatio-temporal association between COVID-19 incidence and 
type 1 diabetes incidence in children and adolescents in Germany
J. Rosenbauer1,2, A. Stahl-Pehe1,2, C.  Baechle1,2, S.  Lanzinger3,2, C. 
 Kamrath4, O. Kuß1,2, R.W.  Holl3,2;
1Institute for Biometrics and Epidemiology, German Diabetes Center, 
Leibniz Center for Diabetes Research at Heinrich Heine University 
Duesseldorf, Duesseldorf, Germany, 2German Center for Diabetes 
Research (DZD), Munich-Neuherberg, Germany, 3Institute of Epi-
demiology and Medical Biometry, ZIBMT, University of Ulm, Ulm, 
Germany, 4Center of Child and Adolescent Medicine, Justus Liebig 
University Giessen, Giessen, Germany.

Background and aims: During the COVID-19 pandemic an increase 
in the incidence of type 1 diabetes (T1D) in children and adolescents 
has been observed in many regions worldwide. So far, underlying 
causes of this increase have not been elucidated. The aim was to 
assess the spatio-temporal association of the COVID-19 incidence 
with the T1D incidence in children and adolescents in Germany dur-
ing the pandemic.
Materials and methods: For the period from March 2020 to June 
2022, nationwide data of incident T1D in children and adolescents 
aged <20 years and COVID-19 in the total population were selected 
from the Diabetes Prospective Follow-up Registry (DPV) and the 
Robert Koch Institute (RKI), respectively. Data were aggregated 
across 400 districts and seven time periods defined according to pan-
demic waves. Area deprivation and urban-rural indicators at the dis-
trict level were obtained from the RKI and official federal statistics. 
District level incidence rates were indirectly standardized (by age 
and sex for T1D) using national data as the reference to calculate 
standardized incidence ratios (SIRs). Spearman correlation analysis 
and a Bayesian spatio-temporal Poisson model accounting for spatial 
and temporal auto-correlation were applied to assess the association 
between COVID-19-SIR and T1D-SIR. The Poisson model adjusted 
for deprivation quintiles and an urban-rural indicator.
Results: During the study period, 9,596 children and adolescents 
newly diagnosed with T1D were registered, and the median number 
of T1D cases per district was 17.5 (IQR 10.0-29.0). The overall T1D 
incidence was 26.8 (95% CI 26.3-27.4) per 100,000 person-years 
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(PY), and the median T1D incidence and T1D-SIR across all districts 
and time periods were 24.1 (IQR 10.8-36.8) per 100,000 PY and 0.90 
(IQR 0.41-1.37), respectively. A total of 28.4 million persons with 
COVID-19 were documented, and the median number of persons with 
COVID-19 per district was 53,725 (IQR 36,566-81,042). The overall 
COVID-19 incidence was 146.19 (95% CI 146.13-146.24) per 1,000 
PY, and the median COVID-19 incidence and COVID-19-SIR across 
all districts and time periods were 49.9 (IQR 6.0-198.8) per 1,000 PY 
and 0.34 (IQR 0.04-1.36), respectively. Correlation analysis across all 
spatio-temporal data points showed no significant correlation between 
levels of T1D-SIRs and COVID-19-SIRs (ρ=0.009 (95%CI -0.028-
0.046). The Bayesian spatio-temporal Poisson model confirmed this 
finding, a doubling of the COVID-19-SIR was associated with a non-
significant 1.007-fold (95%CI 0.994-1.020) increase in T1D-SIR.
Conclusion: The results showed no convincing evidence of an 
association between the COVID-19 incidence and the T1D inci-
dence in children and adolescents in Germany. However, the fact 
that we used a coarse temporal resolution and did not consider time 
lags between the COVID-19 incidence and the T1D incidence may 
have masked possible associations.
Supported by: German Federal Ministry for Education and 
Research within the German Center for Diabetes Research (grant 
no. 82DZD02E3G)
Disclosure: J. Rosenbauer: None.
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Circulating metabolites as mediators in the association between 
depression and type 2 diabetes
N. Wang, Y. Yu, Y. Sun, Y. Wang, B. Wang, Y. Lu;
No.639 Zhizaoju Road, Shanghai, China.

Background and aims: The association between depression and 
diabetes has been recognized for many years, but the nature of 
this relationship remains uncertain. Mechanisms underlying the 
role of circulating metabolites in depression leading to increased 
risk of type 2 diabetes mellitus (T2DM) are unclear. We aimed 
to discover specific circulating metabolites that are mediators 
of the association between depression and the risk of incident 
T2DM.
Materials and methods: A total of 95,990 participants free of 
T2DM at baseline with complete information available for depres-
sion and circulating metabolites from the UK Biobank cohort study 
were included in the present study. We used a mediation model to 
investigate the association of depression with T2DM mediated by 
circulating metabolites. Furthermore, we used two-step Mendelian 
randomization (MR) to identify and estimate the median effects of 
depression on T2DM through circulating metabolites using sum-
marized genetic data.
Results: Differential correlation network analysis revealed that 
perturbations in circulating metabolite coregulation existed in 
participants with depression. In the observational analyses, 58 out 
of 168 circulating metabolites was associated with both depression 
and T2DM. In general, the associations of depression with circulat-
ing metabolites and of these circulating metabolites with risk of 
incident T2DM showed consistent patterns. In detail, total lipids in 
very large VLDL, phospholipids in very large VLDL, triglycerides 
in small HDL, cholesteryl esters, free cholesterol in chylomicrons 
and extremely large VLDL explained the highest median effects 
in subclasses of lipid lipoproteins, respectively. In addition, two-
step MR showed evidence of causal association of depression with 
T2DM through 3 (triglycerides in small VLDL, triglycerides in 
small HDL, and average diameter for VLDL particles) out of 58 
circulating metabolites, with a mediated proportion of 8.2-11.7% 
of the total effect.
Conclusion: Depression causes disturbances in circulating metabo-
lites, which may lead to a higher risk of incident T2DM.
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Disclosure: N. Wang: None.
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The correlation between diabetes severity and depression
Y. Cho1, K.  Jo1, E.  Kim1, J.  Han1, K.  Han2, S.-D.  Moon1;
1Incheon St. Mary’s Hospital, Incheon, Republic of Korea, 2Depart-
ment of Statistics and Actuarial Science, Soongsil University, Seoul, 
Republic of Korea.

Background and aims: Given the high prevalence of both diabetes mel-
litus (DM) and depression, it is important to determine which patients 
with DM are at high risk of developing depression. We investigated 
whether the risk of depression increased as diabetes severity increased.
Materials and methods: 2,067,017 adults with type 2 DM exclud-
ing those diagnosed with depression before and within 1 year after 
index date were identified from a nationwide population-based cohort 
in Korea. DM severity scores consisted of insulin use, DM duration ≥ 
5 years, using 3 or more oral hypoglycemic agents, presence of chronic 
kidney disease, cardiovascular diseases (CVD), or diabetic retinopathy. 
Each of these characteristics was scored as one point of diabetes sever-
ity and their sum was defined as a diabetes severity score from 0-6.
Results: We identified 407,047 cases of major depression during 
a median follow-up of 6.2 years. The incidence rate of depression 
showed a significant linear association with an increase in DM sever-
ity score (Figure 1). After adjusting for age, sex, hypertension, dys-
lipidemia, smoking, alcohol consumption, regular exercise, and BMI, 
the HRs of depression were 1.16 (95% CI, 1.15 to 1.17) in subjects 
with one component of diabetes severity score (1 score), 1.29 (95% 
CI, 1.27 to 1.30) in those with 2 points , 1.46 (95% CI, 1.45 to 1.48) 
in those with 3 points, 1.72 (95% CI, 1.69 to 1.76) in those with 4 
points, 1.95 (95% CI, 1.88 to 2.02) in those with 5 points, and 2.11 
(95% CI, 1.88 to 2.38) in those with 6 points, respectively.
Conclusion: Diabetes severity was associated with an increased risk 
for developing major depression. Our findings provide evidence for 
the feasibility of focusing on depression screening in people with high 
diabetes severity scores.

Disclosure: Y. Cho: None.

111
Risk of mental illness in new-onset type 1 diabetes in adulthood: 
nationwide cohort study
S. Kim1, S.  Cho2, R.  Oh2, Y.-B.  Lee2, S.-M.  Jin2, G.  Kim2, J.  Kim2,1;
1Department of Clinical Research Design and Evaluation, Samsung 
Advanced Institute for Health Sciences and Technology, Sungkyunkwan 
University, Seoul, Republic of Korea, 2Division of Endocrinology and 
Metabolism, Department of Medicine, Samsung Medical Center, Sung-
kyunkwan University School of Medicine, Seoul, Republic of Korea.

Background and aims: Type 1 diabetes mellitus (T1DM) can develop in 
people of all ages. Compared to general population, individuals with type 
1 diabetes had a high prevalence of mental illness that was estimated to 
be 1.61 odds ratio (95% CI; 1.07, 2.48). Previous studies have shown that 
mental illnesses in people with T1DM negatively affect glycemic control. In 
this population-based study, we aimed to determine the incidence of mental 
illness in adults with new-onset T1DM compared to general population.
Materials and methods: We used a nationwide Korean National 
Health Insurance (NHI) database which covers about 97% of the 
Korean population (50 million). We extracted T1DM patients aged 
more than or equal to 18 diagnosed between January 2009 and Decem-
ber 2015 from the NHIS database using diagnostic codes and insulin 
prescriptions (N=10,391) and matched age, sex, and year of index 
date with up to five reference individuals without diabetes from the 
general population (N=51,995). Mental illness including depression, 
mood disorders, anxiety and stress-related disorders, eating disorders, 
personality and behavior disorders, and alcohol and drug misuse dis-
orders were defined by ICD-10 codes at least twice a year from index 
date to December 2020, outpatient or inpatient. Hazard ratios (HRs) 
with 95% confidence interval (CI) for incident mental illness were esti-
mated using multivariable Cox proportional hazard regression models.
Results: The mean age of study participants was 56.9 ± 12.9 years and 
the median follow-up duration was 8.1 years. The incidence rate of men-
tal illness was more than twice as high in patients with new-onset T1DM 
(55.3 per 1000 person-years) compared to individuals without diabetes 
(24.7 per 1000 person-years). New-onset T1DM was independently and 



S61Diabetologia (2023) 66 (Suppl 1):S1–S536 

1 3

positively associated with the development of mental illness (adjusted 
HR(aHR)=2.1 [95% confidence interval (CI)=2.0-2.2]), depression 
(aHR=3.1 [95% CI=3.0-3.3]), mood disorders (aHR=2.7 [95% CI=2.5-
3.0]), anxiety and stress-related disorders (aHR=1.9 [95% CI=1.8-2.0]), 
eating disorders (aHR=3.0 [95% CI=1.9-4.8]), personality and behavior 
disorders (aHR=3.4 [95% CI=2.0-5.7]), alcohol and drug misuse disor-
ders (aHR=4.0 [95% CI=3.3-5.0]), compared to non-diabetes subjects. 
Stratified by age of onset into quintiles, the risk of developing mental 
illness excluding anxiety- and stress-related disorders, was highest when 
T1DM onset was between the ages of 46 and 53 years.
Conclusion: New-onset T1DM in adulthood was significantly asso-
ciated with a higher risk of mental illness including depression, 
eating disorders, personality and behavior disorders, and alcohol 
and drug misuse disorders compared to general population.
Disclosure: S. Kim: None.

112
Association between chronic complications of diabetes and dia-
betes distress: Can we prove it?
J. Konečná1,2, D.  Lacko3,4, E. Horová1, N. Křesáková1, K.D. 
 Riegel5,2;
13rd Department of Medicine - Department of Endocrinology and 
Metabolism, General University Hospital in Prague, Prague, Czech 
Republic, 2Dept of Psychiatry, 1st Faculty of Medicine, Charles Uni-
versity and General University Hospital, General University Hospital in 
Prague, Prague, Czech Republic, 3Institute of Psychology, Czech Acad-
emy of Sciences, Brno, Czech Republic, 4Department of Psychology, 
Masaryk University, Brno, Czech Republic, 5Dept of Addictology, 1st 
Faculty of Medicine, Charles University and General University Hos-
pital, General University Hospital in Prague, Prague, Czech Republic.

Background and aims: The level of negative stress related to diabetes 
is captured mostly by the Diabetes Distress Scale (DDS). The result 
reflects the situation of patients during the last month, nevertheless, a 
high level of diabetes distress (DD) is considered a risk factor in devel-
oping chronic complications of diabetes. To prove the causality of DD 
and diabetes complications is a challenge, and the way to explore it is 
to focus on aspects more stable in time - personality traits of patients. 
The study aims to extend the previous knowledge of personality traits 
and its association with DD with the focus on a connection between 
chronic complications of diabetes and the prevalence of high levels of 
DD and complications among Czech people with diabetes.
Materials and methods: The sample comprised 347 participants 
with diabetes mellitus (DM) (63.1 % T1D, 36,9 % T2D). The level 
of DD was assessed by DDS, personality traits by Personality Inven-
tory for DSM-5 (PID-5), and all subjects completed an anamnestic 
questionnaire focused on treatment and complications of diabetes.
Results: Elevated or high level of DD was confirmed in 53 % of people 
with T1D and 26,6 % of T2D. Higher levels of pathological personality 
traits (Negative affectivity; p<.001) were found in the group of patients 
with chronic complications of diabetes. The combination of complications 
and high levels of DD did not show any statistically significant difference 
in comparison to the group with complications and without high levels 
of DD. In the sample of Czech patients, people with T1D experienced 
higher level of DD (p<.001). Between frequency of co-morbid chronic 
complications and the level of DD was found weak correlation (r = 0.12).
Conclusion: Personality traits were associated with chronic complica-
tions of diabetes, however the association between the level of DD and 
chronic complications was not confirmed. Experiencing the burden of 
diabetes is affected more by the stable traits of the patient rather than 
the situation experienced in past weeks. In the Czech sample, people 
with T1D experienced higher levels of DD than patients with T2D 
which could be explained by different demands in diabetes treatment - 
only 9 from the T2D group were treated with intensive insulin therapy.

Supported by: Ministry of Health, Czech Republic - conceptual devel-
opment research of organization [64165]
Disclosure: J. Konečná: Grants; Ministry of Health, Czech Republic 
[GJIH-1599-04-1-180] – conceptual development of research organiza-
tion [64165] General University Hospital in Prague, Czech Republic.
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Mental health coping strategies and glycaemic management 
among people with diabetes in Europe
E. Cox, E. Lin, T. Bell, T. Bristow, R. Wood;
dQ&A, San Fransisco, CA, USA.

Background and aims: People with diabetes (PWD) experience 
higher rates of anxiety and depression than the general population, 
though research on mental health coping strategies and diabetes man-
agement is limited. Thus, this research aimed to identify ways that 
PWD cope with mental health disorders and examine the relationship 
between mental health support and diabetes self-management among 
PWD with comorbid anxiety or depression.
Materials and methods: From October-November 2022, n=3,444 
adults with diabetes in France, Germany, Italy, Netherlands, Sweden, 
and the United Kingdom took an online survey in which they self-
reported their depression and anxiety status and their most recent 
HbA1c, if they knew it. Glucose sensor users also reported their 
Time in Range (TIR) (70-180 mg/dl). All respondents self-reporting 
anxiety (n=647) and/or depression (n=584) completed a set of ques-
tions regarding their preferred mental health coping mechanisms. The 
subsequent responses (61% type 1, 63% female) were analyzed using 
two-proportion Z-tests and reported at the 95% confidence level.
Results: In the overall sample, 17% of PWD self-report depression and 
20% report anxiety; 8% report comorbid anxiety and depression. PWD with 
anxiety and/or depression have worse clinical outcomes than their counter-
parts. Compared to those who do not self-report anxiety and/or depression 
diagnoses, a greater proportion of PWD with either mental health disorder 
have an HbA1c above 7 (42% vs. 54%) or a TIR less than or equal to 70% 
(52% vs. 64%). Among those self-reporting anxiety and/or depression in 
Europe overall, the top mental health coping strategies are support from 
loved ones (44%), exercise (41%), and psychiatric medication (40%), though 
this differs by country. Psychotherapy is most common among those in 
the Netherlands (43%) and Germany (42%), and is least common in the 
UK, France and Italy (18%, 18%, and 18%). Respondents in Italy report 
the lowest level of psychiatric medication use (21%), while respondents 
in the Netherlands or the UK report the highest (50%). Relative to other 
countries, use of alternative medicine is most common in France (16%), 
while reliance on support groups is most common in the Netherlands (15%). 
Preferred avenues for mental health support also differ by diabetes type and 
mental health disorder diagnosis. Compared to Type 2s, a greater propor-
tion of Type 1s rely on psychotherapy (27% vs. 20%) for support. Type 2s, 
however, have a higher rate of psychiatric medication use compared to T1s 
(46% vs. 36%). Respondents who have anxiety alone rely most on exercise 
(48%) or support from loved ones (43%), while those with depression alone 
or comorbid anxiety and depression report highest levels of psychiatric 
medication usage (47% and 51%, respectively). Lastly, this research reveals 
a relationship between glycemic management and mental health support. 
In the EU overall, respondents with an HbA1c above 7 or a TIR less than 
or equal to 70% report higher psychiatric medication usage (43% vs. 33%), 
(44% vs. 33%) and lower reliance on exercise for mental health management 
(34% vs. 50%), (35% vs 46%) than their counterparts.
Conclusion: This research concludes that the use of mental health 
coping tools differs by country, diabetes type, mental health status, and 
glycemic management. Further research is needed to determine the 
effectiveness of each strategy for patients with diabetes and comorbid 
anxiety or depression and to identify avenues for integrated treatment.
Disclosure: E. Cox: None.
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Acceptability and feasibility of CGM for people with severe men-
tal illness: a mixed-methods study
J.V.E. Brown1, P.A.  Coventry1,2, N.  Siddiqi1,3, R.A.  Ajjan4,5;
1Department of Health Sciences, University of York, York, UK, 2York 
Environmental Sustainability Institute, University of York, York, 
UK, 3Bradford District Care NHS Foundation Trust, Bradford, UK, 
4School of Medicine, University of Leeds, Leeds, UK, 5Leeds Teach-
ing Hospitals NHS Trust, Leeds, UK.

Background and aims: People with serious mental illness (SMI; schizo-
phrenia, schizoaffective disorder, bipolar disorder, psychosis) are at 
higher risk of type 2 diabetes (T2D) and experience worse outcomes than 
the general population with diabetes. People with SMI are often excluded 
from research into novel treatments and care pathways, including con-
tinuous glucose monitoring (CGM), perpetuating profound inequality. 
Therefore, we undertook a quantitative and qualitative exploration of the 
acceptability and feasibility of using CGM in this population.
Materials and methods: Participants in the DIAMONDS programme 
(community-dwelling adults [18 years and over] with confirmed diag-
noses of SMI and T2D) were offered blinded CGM for a 14-day wear 
period. Information about device uptake and data completeness was col-
lected, as well as summary blood glucose data. Qualitative interviews 
were conducted with participants about their experience wearing the sen-
sor. Interviews were recorded, transcribed verbatim, and data analysed.
Results: Twenty-one individuals were invited to try blinded CGM for one 
14-day wear period (43% female; mean±SD age 50.7±8.1 years). BMI was 
36.9±8.7;  HbA1c 66.0±13.8 mmol/mol and 24% were on insulin therapies. 
62% were White with the rest predominantly Asian Pakistani, Asian Indian, 
or Black. Of the 21 enrolled, 16 accepted and five declined to wear the sensor. 
In total, 21 sensors were used with these 16 participants. Of the 21 sensors, 14 
were returned with data; two were lost/misplaced by participants during/after 
the wear-period; three were lost by staff; and two were discarded without any 
data recorded due to problems during fitting. Whenever feasible, a second sen-
sor was used with participants who did not successfully return their first sensor 
with sufficient data. Out of the 14 sensors returned, all but one provided data 
for five or more days. Mean glucose management indicator was 61.9±14.6 
mmol/mol, time in range was 56.1±28.6% with glucose variability, assessed 
as coefficient of variation, at 26.7±7.5%. Hypoglycaemic exposure in those on 
insulin therapies was 5±5%. Ten participants took part in an in-depth qualitative 
interview lasting an average of 23 minutes (range 5 to 45). Preliminary analyses 
indicate that participants had a positive experience using CGM with minimal 
complications, describing CGM as “easy” and “convenient”. Importantly, indi-
viduals were interested in learning about glucose levels and engaging with their 
diabetes self-management according to glucose data collected by the sensor.
Conclusion: In a small sample of people with SMI and T2D with 
high BMI and elevated  HbA1c, there was a signal that CGM is likely 
to be acceptable in this particularly vulnerable population with high 
illness burden. These findings suggest that the utility of CGM should 
be evaluated further in people with SMI as a tool to improve diabetes 
self-management and outcomes in this high-risk population.
Clinical Trial Registration Number: ISRCTN15328700
Supported by: NIHR PGfAR RP-PG-1016-20003
Disclosure: J.V.E. Brown: None.

OP 20 NAFLD and omics

115
Efficacy and safety of efinopegdutide in patients with nonalcoholic 
fatty liver disease and type 2 diabetes: results from an active-
comparator-controlled study
S.S. Engel, R.R. Shankar, R.L.H. Lam, K.D. Kaufman;
Merck & Co., Inc., Rahway, NJ, USA.

Background and aims: Currently, there are no approved therapies for 
nonalcoholic steatohepatitis (NASH). While GLP-1/glucagon receptor 
coagonists can provide substantial reduction in liver fat, the contribu-
tion of glucagon-mediated effects could be impacted by the relative 
hyperglucagonemia present in patients with T2DM. We assessed the 
effects of efinopegdutide (EFI), a coagonist with ~2:1 GLP-1/gluca-
gon receptor potency, relative to the selective GLP-1 receptor agonist 
semaglutide (SEMA), on liver fat content (LFC) in the type 2 diabetes 
mellitus (T2DM) subgroup of a study of patients with nonalcoholic 
fatty liver disease (NAFLD).
Materials and methods: This was a Phase 2a, randomized, active-
comparator-controlled, parallel-group, open-label study in subjects with 
NAFLD (18-70 years, BMI 25-50 kg/m2, stable body weight, without 
T2DM, or with T2DM with an A1C ≤ 8.5% controlled by diet ± stable 
dose of metformin). During a 4-week screening period, an MRI-PDFF 
was performed to determine LFC. Participants with an LFC of ≥10% were 
randomized in a 1:1 ratio to open-label SC EFI 10 mg Q1W or SC SEMA 
1.0 mg Q1W for 24 weeks, stratified according to concurrent diagnosis of 
T2DM. Both drugs were titrated to the target dose over an 8-week period. 
The primary efficacy endpoint was the least squares (LS) mean relative 
reduction from baseline in LFC (%) after 24 weeks of treatment.
Results: Among 145 randomized subjects, 48 had T2DM (24 in each 
treatment group). In the T2DM subgroup at baseline, the mean A1C 
was 6.4%, mean FPG was 122.1 mg/dL and mean LFC was 18.6% and 
was similar in the two treatment groups. The LS mean relative reduction 
from baseline in LFC at Week 24 was significantly (p=0.010) greater 
with EFI (66.8% [90% CI 57.2, 76.3]) than with SEMA (45.6% [90% CI 
36.0, 55.1]) (figure). Median relative reductions from baseline in LFC 
at Week 24 were 77.7% with EFI and 41.8% with SEMA. Greater pro-
portions of participants had relative reductions from baseline at Week 
24 in LFC of ≥30%, ≥50% and ≥70% with EFI (79.2%, 70.8% and 
62.5%, respectively) compared with SEMA (70.8%, 45.8% and 20.8%, 
respectively). A greater proportion of participants achieved normal LFC 
(< 5%) at Week 24 with EFI (62.5%) compared with SEMA (25.0%). 
Both treatment groups had an LS mean relative reduction from baseline 
in body weight at Week 24 (EFI 7.8% vs SEMA 7.1%, p=0.621). Mean 
changes in A1C and FPG were 0.1% and 2.5 mg/dL, respectively, with 
EFI, and -0.8% and -22.8 mg/dL, respectively, with SEMA. There was 
no meaningful difference in the safety profile in the T2DM subgroup 
relative to all participants in each treatment group.
Conclusion: In T2DM patients with NAFLD, treatment with EFI 10 mg 
weekly led to a significantly greater reduction in LFC than SEMA 1 mg 
weekly. While glycemic improvement was attenuated with GLP-1/glucagon 
coagonism vs selective GLP-1 agonism, substantial benefits of coagonism 
on hepatic fat metabolism were retained.
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Clinical Trial Registration Number: EudraCT: 2020-005136-30; 
NCT: 04944992
Supported by: MSD
Disclosure: S.S. Engel: Employment/Consultancy; Merck & Co., Inc. 
Stock/Shareholding; Merck & Co., Inc.
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Social jetlag induces fatty liver via perturbed serum prolactin 
rhythm mediated circadian reprogramming of hepatic lipid 
metabolism
P. Zhang, X. Ma, Y. Bi;
Nanjing Drum Tower hospital, Nanjing, China.

Background and aims: The pandemic of circadian misalignment 
especially social jetlag (SJL) is associated with metabolic disorders. 
However, the relevant effect of SJL on liver has been underestimated.
Materials and methods: Two hundred and thirty participants who 
underwent liver biopsy were recruited, whose serum levels of prol-
actin (PRL) at 8:00, 16:00, and 24:00 were detected and subjected to 
circadian analysis. Liver tissue were used for RNA-seq. Using a novel 
machine learning algorithm called ZeitZeiger, we reconstructed the 
circadian transcriptome atlas of human liver tissues. C57BL/6 mice 
were exposed to an experimental jetlag light/dark cycle condition for 
16 weeks to mimic SJL in humans. Lipid content in mice liver was 
evaluated on MRI scanning and histological analysis. Mice liver tissue 
were collected at 4-hour interval during 24 hours for RNA-seq. After 
16 weeks of jetlag, mice were administrated with PRL via different 
delivery strategies for 2 weeks.
Results: SJL was a risk factor for biopsy-confirmed NAFLD (OR: 
1.017, p<0.05, which was mediated through dampened serum PRL 
rhythm in humans (mediation effect: 0.039, p<0.05) . Employing a 
jetlag model in wild-type and Prl knockout mice, we confirmed that 
jetlag induced hepatic steatosis by affecting PRL rhythm in vivo. the P 
value of rhythmicity test for serum PRL in control and jetlagged mice 
is <0.05 and >0.05, respectively. Using luciferase report assay, EMSA 
and ChIP experiments, we revealed that Prl expressions were tran-
scriptionally manipulated by core clock gene retinoid-related orphan 
receptor-alpha (RORα) , which could be perturbed by jetlag. Hepatic 
RNA-seq data of subjects showed that 721 differential expression genes 
(DEGs) between the control and SJL groups (331 were up-regulated 
and 390 were down-regulated), and 2955 DEGs between NAFLD 
with controls (1397 were up-regulated and 1558 were down-regu-
lated). These DEGs were annotated to Kyoto Encyclopedia of Genes 
and Genomes (KEGG) pathway database, and 25 common pathways 
between DEGs from group1 and group 2 were identified, including 
pathways of PRL receptor signaling, circadian rhythm and entrainment 
and non-alcoholic fatty liver disease. Importantly, we for the first time 

illustrated circadian features of hepatic genes were remolded in SJL 
subjects based on a supervised machine learning informatics (mean 
absolute error: 2.65 hour). In particular, hepatic circadian transcrip-
tome of PRL receptor (PRLR) signaling pathway was significantly 
reprogrammed. Accordingly, the oscillation of circadian rhythm and 
lipid metabolism in the liver were rewired and the resulting imbal-
ance between lipogenesis and fatty acid oxidation contribute to SJL 
induced hepatic steatosis. Finally, realigning normal rhythmicities of 
PRL was more efficient in improving hepatic steatosis in jet-lagged 
than that treated with PRL continuously delivered over a 24-h period 
via a osmotic pump.
Conclusion: Here, we established circadian transcriptome atlas in 
human liver for the first time and examined the effect of SJL on human 
liver. Strikingly, reprogrammed hepatic PRLR signaling pathway with 
concomitant dysregulated lipid metabolism homeostasis was a causa-
tive mechanism of fatty liver under SJL, which was mediated through 
derailed serum PRL rhythm. Restoring PRL rhythm was more effec-
tive in alleviating SJL induced fatty liver compared with non-circadian 
administration, bringing a new field of chronotherapy in NAFLD.
Clinical Trial Registration Number: NCT03296605
Supported by: NSFC(82030026, 81770819 and 81900787)
Disclosure: P. Zhang: None.
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Chronic treatment of mice with hepatocyte-released lipotoxic small 
extracellular vesicles causes liver and pancreas inflammation and 
alters insulin action
I. Garcia-Martinez1,2, R. Alén1,2, N. Cobo-Vuilleumier3, B.R. 
 Gauthier3,2, A.M.  Valverde1,2;
1IIBm Alberto Sols, CSIC-UAM, Madrid, Spain, 2Centro de Inves-
tigación Biomédica En Red de Diabetes y Enfermedades Metabóli-
cas (CIBERDEM), Madrid, Spain, 3Cell Therapy and Regeneration, 
CABIMER, Sevilla, Spain.

Background and aims: Non-alcoholic fatty liver disease (NAFLD) 
is a common feature of obesity and type 2 diabetes mellitus (T2D). 
Under lipotoxic stress, hepatocytes release small extracellular vesi-
cles (sEVs) which act locally and contribute to NAFLD progression, 
but also can reach the circulation and target metabolic tissues includ-
ing the pancreas. We investigated whether hepatocyte-secreted sEVs 
under lipotoxic conditions impact on liver and pancreas inflammation 
and subsequent effects in both tissues.
Materials and methods: sEVs released by primary hepatocytes from 
C57BL6j male mice exposed to palmitic acid  (sEVPA) or BSA  (sEVC) 
were purified by differential ultracentrifugation. C57BL/6J male mice 
were injected intravenously with sEVs twice a week for four-weeks 
to study chronic effects of lipotoxic sEVs. Inflammation in liver and 
pancreas was analyzed by flow cytometry, immunofluorescence and 
RT-qPCR. Glucose tolerance test (GTT) and in vivo glucose-stimulated 
insulin secretion (GSIS) were performed to evaluate whether  sEVPA 
alter glucose homeostasis. Islets and hepatocytes from sEV-injected 
mice were isolated to study insulin secretion and insulin signalling, 
respectively.
Results: Chronic injection of  sEVPA induced liver inflammation 
characterized by enhanced monocyte, neutrophil and Kupffer cells 
recruitment (p<0.05). This effect was absent in mice injected  sEVC. 
 CD3+ T lymphocytes were also elevated in  sEVPA-injected mice, being 
 CD4+/CD8+ ratio lower (p<0.05) than that of mice injected  sEVC. 
These results were confirmed by immunofluorescence and mRNA 
analysis of inflammatory markers in the liver. Sirius red staining and 
Acta2 mRNA confirmed features of fibrosis in  sEVPA-injected mice. 
Moreover,  sEVPA treatment elevated plasma triglycerides, total choles-
terol and ALT (p<0.05).  sEVPA-treated mice presented higher plasma 
insulin in both fed (p<0.05) and fasting, as well as HOMA-IR index, 
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pointing to peripheral insulin resistance. In fact, hepatocytes from 
mice injected  sEVPA showed decreased insulin-induced AKT phos-
phorylation compared to those from  sEVC-injected mice. Whereas 
no differences were found in the GTT, in vivo GSIS increased in 
 sEVPA-treated mice compared to mice injected  sEVC (AUC p<0.05). 
In the pancreas, analysis of immune populations revealed an increase 
in total immune cells  (CD45+) in  sEVPA-treated mice. Moreover, 
while the total pool of macrophages did not differ between groups, 
M2-polarized macrophages were reduced in mice receiving  sEVPA. 
Those mice showed a slight increase in  CD3+ T cells and also pre-
sented reduced  CD4+/CD8+ ratio due to an elevation of  CD8+ cells 
(p<0.01). Immunofluorescence confirmed the presence of  CD3+ infil-
trates within islets and across the exocrine pancreas in mice injected 
 sEVPA. In line with in vivo GSIS, islets from  sEVPA-treated mice 
showed a two-fold increase in insulin secretion (p<0.05) and upregu-
lation of Ins1 and Ins2 mRNA (p<0.05) compared to those receiving 
 sEVC, pointing to a compensatory response.
Conclusion: We have identified a liver-pancreas axis mediated by 
hepatocyte-released lipotoxic sEVs likely contributing to low-grade 
tissue inflammation, a key feature in beta-cell dysfunction in T2D.
Supported by: EFSD/Boehringer Ingelheim European Research Pro-
gramme, Research funds of Community of Madrid
Disclosure: I. Garcia-Martinez: None.
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Targeting NAFLD with umbilical cord-derived mesenchymal 
stromal cells: a preclinical study
M.J. Meneses1,2, I. Sousa-Lima1, I.  Ferreira1, H.  Cruz3, J.M. 
 Santos3, M.P.  Macedo1,4;
1iNOVA4Health, NOVA Medical School, Faculdade de Ciências 
Médicas, NMS, Universidade NOVA de Lisboa, Lisbon, Portugal, 
2DECSIS II Iberia, Évora, Portugal, 3ECBio, Investigação e Desen-
volvimento em Biotecnologia, S.A, Amadora, Portugal, 4APDP-
ERC - Diabetes Portugal, Education and Research Center, Lisbon, 
Portugal.

Background and aims: Mesenchymal Stromal Cells (MSCs) have 
emerged as a promising therapeutic tool for their immunomodulatory, 
anti-inflammatory, and regenerative properties. Among the various 
sources of MSCs, a specific subset of MSCs isolated from umbilical 
cord tissue (UC-MSCs) has been found to be safe and effective in 
preclinical tests for several immune- and cardiovascular-related condi-
tions. However, the mechanism of action of UC-MSCs in the context 
of diet-induced obesity and non-alcoholic fatty liver disease (NAFLD) 
remains unclear. In this study, we hypothesize that UC-MSCs treat-
ment positively affects both glucose and lipid homeostasis, thereby 
alleviating NAFLD.
Materials and methods: To test this hypothesis, six-weeks old 
C57Bl/6J male mice were fed either a normal diet or a hypercaloric 
diet (HFat), with a third group receiving the hypercaloric diet and 
a UC-MSCs treatment (HFat-MSCs). The UC-MSCs were weekly 
administered at a dose of 10E6 cells (i.p.) from 11 to 18 weeks of age. 
Insulin sensitivity and glucose tolerance were assessed (by ITT and 
GTT, respectively) after 5 weeks of diet and at the end of the study. We 
also evaluated the levels of insulin signaling pathway-related proteins 
and lipid metabolism-related genes.
Results: The HFat diet led to body weight gain, hyperglycemia, and 
glucose intolerance compared to the control group, indicating a pre-
diabetic state. On the contrary, the HFat-MSCs group showed protec-
tion against body weight gain compared to the untreated HFat group, 
without affecting food nor caloric intake. Moreover, the HFat-MSCs 
group had lower random glucose levels and improved insulin sensi-
tivity and glucose tolerance compared to the HFat group (p<0.05). 

The HFat-MSCs group also had a decreased liver/body weight ratio 
compared to the control group. Additionally, the HFat-MSCs group 
had decreased hepatic cholesterol and triglyceride content (p<0.05) 
compared to the HFat group, concurrent with less lipid droplets and 
NAFLD score as assessed by a pathologist. These changes might be 
a consequence of decreased liver pyruvate kinase (p<0.001), acetyl-
CoA carboxylase (p<0.05), and Srebp2 (p<0.001) mRNA expres-
sion levels in the HFat-MSCs group compared to the HFat group. 
Interestingly, MSCs treatment decrease resulted in a restoration of 
these mRNA levels to normal diet levels (n.s.).
Conclusion: Our results indicate that UC-MSCs have a protective 
role in diet-induced obesity, prediabetic profile, and NAFLD. UC-
MSCs protect against hepatic lipid accumulation by restoring the lev-
els of lipid metabolism-related genes such as Srebp2. These findings 
provide a steppingstone for further investigation of these patented 
UC-MSCs as a potential therapy for metabolic disorders.
Supported by: FCT UIDB/Multi/04462/2020; Portugal2020, ALT20-
03-0247-FEDER-113469 and LISBOA-01-0247-FEDER-113469
Disclosure: M.J. Meneses: None.

119
Change in Fibrosis-4 Index is associated with risk of liver events, 
cardiovascular events, and all-cause mortality in patients with 
obesity and/or type 2 diabetes
K. Khunti1, T.L.  Berentzen2, L.M.  Nitze2, M.  Jara2, A.  Jensen2, M.S. 
Kjær2, K.K.  Mangla2, J.M.  Tarp2, Q.M.  Anstee3,4;
1Diabetes Research Centre, University of Leicester, Leicester Gen-
eral Hospital, Leicester, UK, 2Novo Nordisk A/S, Søborg, Denmark, 
3Translational & Clinical Research Institute, Faculty of Medical Sci-
ences, Newcastle University, Newcastle upon Tyne, UK, 4Newcastle 
NIHR Biomedical Research Centre, Newcastle upon Tyne Hospitals 
NHS Trust, Newcastle upon Tyne, UK.

Background and aims: There is a lack of tools to monitor and assess 
risk of morbidity and mortality in people with non-alcoholic steato-
hepatitis (NASH). We evaluated the association of 12-month changes 
in FIB4 (ΔFIB4) and risk of developing severe NASH-related clinical 
events.
Materials and methods: A longitudinal cohort study was conducted 
using data from the UK Clinical Practice Research Datalink linked 
with Hospital Episodes Statistics and Office for National Statistics 
data. Patients were aged ≥18 years with obesity and/or T2D, ≥2 
FIB4 measurements, and no alcohol-related disorders, chronic liver 
diseases other than non-alcoholic fatty liver disease or prescriptions 
of drugs inducing liver disease. ΔFIB4 was calculated using score 
at baseline and after 12 (±3) months. Patients were followed from 
second measurement until time of first liver event; time of first car-
diovascular (CV) event (hospitalization/death); all-cause mortality; 
database migration; 10 years’ follow-up; or 1 Jan 2020, whichever 
was first. Aalen-Johansen and Cox proportional hazards models were 
used to estimate cumulative incidence and hazard ratios (HRs).
Results: Among 20,443 included patients, there were 466 liver 
events. In patients with high baseline FIB4 (>2.67), risk of a liver 
event after 10 years was 12.8%; after 12 months, the risk was 18.5% 
and 10.1% in those with FIB4 increase and decrease, respectively 
(Figure). Increased risk with increasing FIB4, and vice versa, was 
also seen in patients with an indeterminate (1.30-2.67) or low base-
line FIB4 (<1.30) (Figure). Risk of a liver event was positively 
associated with ΔFIB4 in Cox models adjusted for sex, age, and 
baseline FIB4, with the association depending on baseline FIB4. 
Compared with patients with low baseline FIB4 and no change 
in FIB4 (reference), the HR (95% confidence interval) was 24.27 
(16.98, 34.68) for those with high baseline FIB4 and a 1-unit FIB4 
increase, and 10.90 (7.90, 15.05) for those with high baseline FIB4 
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and a 1-unit decrease. Compared with the reference, those with 
indeterminate and low baseline FIB4 and 1-unit FIB4 increase/
decrease also had significantly higher/lower risk. Similar results 
were seen with CV events and mortality, though the association with 
CV events was attenuated after adjustment for age.
Conclusion: In patients with obesity and/or T2D, changes in FIB4 
at 12 months were positively associated with risk of NASH-related 
clinical events across all FIB4 groups, highlighting the potential of 
using FIB4 to identify patients at risk of severe events.

Supported by: Funded by Novo Nordisk
Disclosure: K. Khunti: Employment/Consultancy; Abbott, Amgen, 
AstraZeneca, Bayer, Boehringer Ingelheim, Lilly, Merck Sharp and 
Dohme, Novo Nordisk, Roche, Sanofi-Aventis, Servier. Grants; Astra-
Zeneca, Boehringer Ingelheim, Lilly, Merck Sharp & Dohme, Novo 
Nordisk, Sanofi-Aventis.
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Oral insulin alleviates liver fibrosis and reduces fat in patients 
with NASH and type 2 diabetes: results of phase II clinical trial
M. Kidron1, Y.  Ishay2, J.  Neutel3, Y.  Kolben2, R.  Gelman2, O. Sneh 
 Arbib2, O.  Lopez4, H.  Katchman5, R.  Sotolongo6, Y.  Ilan7;

1Oramed Pharmaceuticals, Jerusalem, Israel, 2Hadassah Medical 
Center, Jerusalem, Israel, 3Orange County Research Center, Tustin, 
CA, USA, 4Integrium LLC, Tustin, CA, USA, 5Sourasky Medical 
Center, Tel Aviv, Israel, 6Research Institute of South Florida, Miami, 
FL, USA, 7Hebrew University of Jerusalem, Jerusalem, Israel.

Background and aims: NAFLD is the most common chronic liver 
disorder globally. NASH is an advanced form of NAFLD and a leading 
cause of end-stage liver disease and indication for liver transplanta-
tion. Insulin resistance and inflammation underlie the pathogenesis of 
the disease. This double-blind, randomized, placebo-controlled, mul-
ticenter study aimed to determine the effect of oral insulin in patients 
with NASH and T2DM.
Materials and methods: Patients were treated twice daily for 12 weeks 
with an 8 mg insulin (n=21) or placebo (n=11) capsule. Safety was 
monitored throughout the study. At screening and after 12 weeks of 
treatment, liver fat content was measured by MRI-PDFF and liver fibro-
sis and steatosis levels by FibroScan®.
Results: No severe drug-related adverse events were reported dur-
ing the study. After 12 weeks of treatment, mean percent change 
from baseline whole-liver (-11.2±22.8% vs. -6.5±15.3%, respec-
tively) and liver segment 3 (-11.7±21.1% vs. +0.1±17.3%, respec-
tively) fat content were higher in the insulin as compared to the 
placebo arm. Patients receiving insulin showed a median -1.1 kPa 
and -21.0 dB/m reduction from baseline fibrosis and steatosis lev-
els, respectively. In comparison, placebo-treated patients showed 
median increases of 0.3 kPa and 13.0 dB/m, respectively. At Week 
12, HbA1c levels decreased by a mean -0.27±1.3% in the oral 
insulin cohort and increased by a mean 0.23±0.73% in the placebo 
cohort. Mean percent changes from baseline ALT and AST levels 
were -0.1±30.4% and -0.8±28.6%, respectively, in the oral insulin 
arm and 3.0±26.7% and 13.4±46.6%, respectively, in the placebo 
arm. Over the treatment period, mean total cholesterol, HDL, LDL, 
and triglycerides levels were consistently lower than baseline in the 
active arm and higher than baseline in the placebo arm.
Conclusion: The results of this feasibility study support the safety 
and potential therapeutic effect of orally delivered insulin on liver 
fibrosis, fat accumulation, and inflammatory processes.
Clinical Trial Registration Number: NCT04618744
Supported by: Oramed Pharmaceuticals
Disclosure: M. Kidron: Employment/Consultancy; Oramed Pharma-
ceuticals. Stock/Shareholding; Oramed Pharmaceuticals.
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121
Fasting prevents cholesterol crystal formation and the develop-
ment of diabetic retinopathy
J. Busik1, T.F.  Dorweiler1, Y. Adu  Agyeiwaah2, N. El-Darzi3, N. 
 Mast3, G.  Abela4, I.  Pikuleva3, M.B.  Grant5;
1Michigan State University, East Lansing, MI, USA, 2The School of 
Optometry, University of Alabama at Birmingham, Birmingham, AL, 
USA, 3Department of Ophthalmology & Visual Sciences, Case West-
ern Reserve University, Cleveland, OH, USA, 4Department of Medi-
cine, Michigan State University, East Lansing, MI, USA, 5Ophthalmol-
ogy, University of Alabama at Birmingham, Birmingham, AL, USA.

Background and aims: With the advancement of retinal imaging tech-
niques, several types of hyperreflective deposits were identified in the dia-
betic retina. These include hyperreflective crystalline deposits that were 
recently identified as cholesterol crystals (CCs). We have demonstrated 
that fasting normalizes retinal cholesterol metabolism in db/db type 2 dia-
betic mouse model through Sirtuin 1 (SIRT1)-LXR dependent activation 
of reverse cholesterol transport (RCT). This study tested the hypothesis 
that fasting-mediated activation of SIRT1-LXR-RCT will effectively 
reduce CC formation and the development of diabetic retinopathy.
Materials and methods:  Leprdb/db(db/db) type 2 diabetes mouse model 
 Leprdb/m(db/m) controls were used in the experiments. HbA1C was 
measured every 3 months. Long term (6 months) intermittent fasting 
regiment (12h/12h) was used to normalize cholesterol metabolism. 
Retinal cholesterol input was measured using  D2O, and  D7-cholesterol. 
CC were analyzed by modified Scanning Electron Microscopy (SEM) 
and immunohistochemistry. Inflammatory markers were analyzed using 
real time qPCR. Retinal vascular permeability was measured using 
FITC-albumin. Data were analyzed by ANOVA with post-hoc analysis 
by Tukey’s range test.
Results: The total retinal cholesterol levels were significantly increased 
in diabetic mice (4±0.5 mg/g retina, n=5) as compared to controls 
(2.9±02 mg/g retina, n=5; P<0.05). The increase was due to retinal 
uptake of systemic cholesterol as determined by  D7-cholesterol measure-
ments showing 35±7%, n=5 of cholesterol uptake in control and 81±9%, 
n=5 in 6 months diabetic mice. Increased cholesterol levels were associ-
ated with CC formation in diabetic retinas (19.7±7 crystals/0.01mm2, 
n=5) No CC were observed in age-matched control animals. As fast-
ing was effective at SIRT1-LXR and RCT activation, we next deter-
mined the effect of fasting on CC formation in the retina of db/db mice. 
Strikingly, fasting removed CC from diabetic mouse retinas (0.5±0.7 
, crystals/0.01mm2,n=5, P<0.01), reduced inflammatory phenotype as 
indicated by expression of inflammatory markers TNF-α, IL-1β and 
ICAM-1 in diabetic retinas, and normalized retinal vascular permeability.
Conclusion: This study demonstrated cholesterol accumulation and CC 
formation in diabetic retinas. CC can activate key pathogenic events in 
diabetic retina. Fasting regiments shown to be effective at correcting 
retinal cholesterol imbalances removed CC from diabetic retinas and 
normalized long term diabetes-induced retinal inflammatory markers 
and vascular permeability.
Supported by: NIH NEI
Disclosure: J. Busik: Employment/Consultancy; Ceramedix, Inc.

122
NOD1 deficiency ameliorates the progression of diabetic retinopa-
thy via modulating bone marrow-retina crosstalk
Y. Duan, J. Wu, W. Chen, D. Liu;
The Second Affiliated Hospital of Chongqing Medical University, 
Chongqing, China.

Background and aims: The nucleotide-binding oligomerization 
domain-containing protein 1 (NOD1) plays a critical role in provoking 
metabolic inflammation in diabetes. Additionally, its ligand has been 
reported to disturb the balance of bone marrow-derived hematopoietic 
stem/progenitor cells, which are crucial in the pathogenesis of diabetic 
retinopathy (DR). We hypothesized that NOD1 depletion would prevent 
the progression of DR by repairing bone marrow dysfunction.
Materials and methods: To investigate the role of NOD1 in DR, we 
generated  NOD1-/--Akita (genotype: NOD1-/--Ins2WT/ C96Y) double 
mutant mice and age-matched control groups. Retinal phenotypes 
were accessed by OCT, ERG and quantification of acellular capillaries. 
We also performed bone marrow transplantation to generate chimeric 
mice with bone marrow-specific depletion of NOD1 and analyzed bone 
marrow-derived hematopoietic cell types using flow cytometry.
Results: We found elevated circulating NOD1 activators in Akita mice 
after 6 months of diabetes. Retinal thickness was reduced in Akita 
mice compared to WT controls. However, the retinal thickness of the 
 NOD1-/--Akita mice was similar to that of WT and  NOD1-/- mice, sug-
gesting NOD1 depletion partially restored diabetes-induced structural 
changes in cross-section retina. Additionally,  NOD1-/--Akita mice 
showed an increase in b-wave amplitudes under both scotopic and 
photopic conditions measured by ERG when compared to Akita alone, 
suggesting NOD1 depletion improved retinal cell responses to light 
stimulation in diabetes. A significant increase in acellular capillary 
numbers was observed in the retina from Akita mice, but NOD1 knock-
out largely ameliorated the progression of diabetic retinal vascular 
degeneration. We also found that the percentages of ST-HSCs and LT-
HSCs were partially restored in the bone marrow from  NOD1-/--Akita 
mice compared to Akita alone. NOD1 depletion corrected the shift of 
hematopoiesis toward a more proinflammatory state in diabetes, as 
measured by both flow cytometry and CFU assay, suggesting NOD1 
depletion-prevented DR progression is associated with the alteration 
of bone marrow phenotype. Further, hematopoietic-specific NOD1 
deletion mitigated diabetes-induced alterations in retinal cross-sec-
tion structure and improved the electrical responses of diabetic retina 
toward light stimuli. Enumeration of acellular capillaries revealed that 
diabetes-mediated increase in such pathologic change was alleviated 
by hematopoietic NOD1 ablation. Finally, loss of hematopoietic NOD1 
showed a protective effect in DR, as fewer bone marrow derived mono-
cytes infiltrated into the retina in the  NOD1-/--Akita→Akita chimeric 
mice.
Conclusion: These findings suggest that NOD1 may serve as a criti-
cal trigger for hematopoietic imbalance, leading to the progression 
of DR. Targeting NOD1 in bone marrow may represent a promising 
strategy for the prevention and treatment of DR.
Supported by: NSFC (No. 81900758) and CSTC (cstc2021jcyj-
msxmX0250) to Y.D.
Disclosure: Y. Duan: None.
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Anti-ceramide immunotherapy: a systemic treatment for diabetic 
retinopathy
T.F. Dorweiler1, A.  Singh2, G.J.  Blanchard3, R.N.  Kolesnick2, J.V. 
 Busik1;
1Department of Physiology, Michigan State University, East Lansing, 
MI, USA, 2Memorial Sloan Kettering Cancer Center, New York, NY, 
USA, 3Department of Chemistry, Michigan State University, East 
Lansing, MI, USA.

Background and aims: The diabetic metabolic insult leading to retinal 
vascular degeneration involves initial endothelial cell damage due to 
low-grade chronic inflammation that is then inadequately repaired due 
to compromised availability and functionality of bone marrow derived 
circulating angiogenic cells (CACs). The molecular metabolic link 
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connecting both initial inflammation in the retina and dysfunctional 
CACs involves stress-induced activation and secretion acid sphingo-
myelinase (ASM), converting sphingomyelin into pro-inflammatory 
and pro-apoptotic ceramide in the outer leaflet of endothelial cells. 
Ceramide spontaneously coalesces into ceramide-rich platforms (CRP) 
(0.5-5.0 mm diameter). The outcome of this process in retinal endothe-
lial cells (REC), is pro-inflammatory and apoptotic signaling. To inter-
vene therapeutically in CRP-mediated microvascular inflammation and 
apoptosis, we developed a set of anti-ceramide antibodies (Abs). In this 
study, anti-ceramide Abs were used to restore endothelial homeostasis 
in animal and cell culture models of diabetic retinopathy.
Materials and methods: Bovine retinal endothelial cells (BRECs) 
were used as an in vitro model for RECs. Apoptosis was assessed using 
bisbenzimide. In vitro CRPs were quantified in BRECs and CACs using 
confocal imaging. Membrane fluidity was measured using fluorescence 
recovery after photobleaching and confocal microscopy ex vivo. Strep-
tozotocin was utilized to induce hyperglycemia as a type-1 diabetes 
model. Anti-ceramide Abs were administered in vitro or via a single 
dose into the vitreous. Pro-inflammatory markers were analyzed via 
qRT-PCR. Vascular degeneration was captured using FITC-albumin 
technique.
Results: BRECs generate CRPs upon acute stimulation with 20 ng/
mL TNFα/IL-1β after 45 sec (40/25%) and was fully ameliorated 
when treated with anti-ceramide Abs. 10ng/mL TNFα/IL-1β dose-
dependently induced REC apoptosis (40/30%) in BRECs over 24 hrs 
and was fully mitigated when treated with anti-ceramide Abs. Intravit-
real injections of anti-ceramide Abs was next tested in STZ-induced 
rat diabetes model. A single injection at the onset of hyperglycemia 
prevented diabetes-induced increase in retinal vascular permeability 
(n=10-18 per group; p<0.001, ANOVA). Ex vivo analysis of CACs 
showed a significant increase (42%) in CRP formation starting on day 
3, with time-dependent increases on day 7, 14, 42, and 180 (70%) post-
hyperglycemia in STZ mice compared to controls (n=9-12 animals per 
group per time point, p<0.05, Students T-test). CACs treated with 10 
ng/mL TNFα showed reduced fluidity compared to vehicle (p<0.05, 
ANOVA). CACs were protected when treated with 100 μg/mL Abs 
(n=12-15, p<0.05, ANOVA).
Conclusion: Diabetes and diabetogenic stimuli lead to CRP formation, 
inflammatory signaling and apoptosis in REC as well as CAC in in 
vivo, ex vivo and cell culture models of diabetic retinopathy. Inhibi-
tion of CRPs by anti-ceramide Abs treatment returns REC and CAC 
to homeostasis as indicated by inhibition of inflammatory signaling, 
normalized retinal vascular permeability, and membrane fluidity and 
function of CACs. Collectively, our results present anti-ceramide 
immunotherapy as a potential treatment to alleviate chronic inflam-
mation and restore microvascular repair via CACs to halt or reverse 
DR progression.
Supported by: R01EY030766 awarded to RNK and JVB.
Disclosure: T.F. Dorweiler: None.
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Glucose tolerance and insulin resistance/sensitivity associate with 
retinal layer characteristics: the LIFE-Adult-Study
T. Ebert1, F.G.  Rauscher2, T.  Elze3, M.  Francke4, Y.  Li3, K.  Wirkner5, 
A. Tönjes1, C.  Engel2, J.  Thiery6, M. Blüher7, M.  Stumvoll1, T. 
 Kirsten8, M.  Loeffler2, M.  Wang3;
1Medical Department III – Endocrinology, Nephrology, Rheumatol-
ogy, University of Leipzig Medical Center, Leipzig, Germany, 2Leipzig 
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ology (IMISE) and Leipzig Research Centre for Civilization Diseases 
(LIFE), Leipzig, Germany, 3Schepens Eye Research Institute of Mass 
Eye and Ear, Department of Ophthalmology, Harvard Medical School, 
Boston, MA, USA, 4Leipzig University, Institute for Medical Informat-
ics, Statistics, and Epidemiology (IMISE), Leipzig, Germany, 5Leipzig 

University, Leipzig Research Centre for Civilization Diseases (LIFE) 
and Institute for Medical Informatics, Statistics, and Epidemiology 
(IMISE), Leipzig, Germany, 6Leipzig University, Institute of Labora-
tory Medicine, Clinical Chemistry and Molecular Diagnostics, Leipzig, 
Germany, 7Helmholtz Institute for Metabolic, Obesity and Vascular 
Research (HI-MAG) of the Helmholtz Zentrum, Helmholtz Zentrum 
München at the University of Leipzig, Leipzig, Germany, 8Medical 
Data Science, University of Leipzig Medical Center, Leipzig, Germany.

Background and aims: As the prevalence of insulin resistance and 
glucose intolerance is increasing throughout the world, diabetes-
induced eye diseases are a global health burden. We aim to identify 
distinct retinal layers, which are susceptible to changes in insulin and 
glucose metabolism, using non-invasive, high-resolution spectral-
domain optical coherence tomography (SD-OCT) in a population-
based dataset.
Materials and methods: The LIFE-Adult-Study randomly selected 
10,000 participants from the population of Leipzig, Germany. Stand-
ardized phenotyping included the assessment of metabolic risk markers 
and SD-OCT-derived thicknesses of 10 retinal layers. Retinal layer thick-
nesses were investigated in 7,384 healthy eyes stratified by normal glu-
cose tolerance, prediabetes, and diabetes. The association of retinal layer 
characteristics with different indices of glucose tolerance, insulin resist-
ance, or insulin sensitivity was determined using multivariable linear 
regression analyses for the individual markers adjusted for age, sex, and 
refraction. Various sensitivity analyses validated the observed findings.
Results: In the study cohort, most investigated retinal layers showed 
significant sex- and glucose tolerance-dependent differences in layer 
thicknesses. Multivariable linear regression analyses revealed a signifi-
cant, independent, and inverse association between markers of glucose 
tolerance and insulin resistance with the thickness of the outer nuclear 
layer (ONL) and myoid zone (MZ). Conversely, insulin sensitivity posi-
tively and independently associated with both layers. Early-Treatment-
Diabetic-Retinopathy-Study-based sectors confirmed our global associa-
tions with retinal layer thicknesses. Sensitivity analyses further validated 
our findings after stratifying the cohort by glucose homeostasis.
Conclusion: An impaired glucose homeostasis associates with a thin-
ning of glucose-responsive layers ONL and MZ. Changes in ONL 
and MZ thicknesses might predict early metabolic retinal alterations. 
Furthermore, implementing retinal SD-OCT analyses into clinics and 
research requires adjustment for markers of glucose homeostasis.
Supported by: EU, ESF, Saxony, Lions Foundation, NIH, DFG, EFSD/
AZ Mentorship Programme, DDG, Grimshaw-Gudewicz Foundation; 
Research to Prevent Blindness; BrightFocus Foundation
Disclosure: T. Ebert: None.
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Risk factors for retinopathy in persons with type 1 diabetes 
followed from diagnosis and onward
S. Seyed Ahmadi1,2, J.  Ludvigsson3, T. Nyström4, M.  Lind1,5;
1Institute of Medicine, Gothenburg, Sweden, 2Department of Inter-
nal Medicine, Sahlgrenska University Hospital, Gothenburg, Sweden, 
3Department of Biomedical and Clinical Sciences, Crown Princess 
Victoria Children’s Hospital, and Division of Paediatrics, Linköping 
University, Linköping, Sweden, 4Department of Clinical Science and 
Education, Internal Medicine, Södersjukhuset, Karolinska Institutet, 
Stockholm, Sweden, 5Department of Medicine, NU Hospital Group, 
Uddevalla, Sweden.

Background and aims: It is well known that persons with type 
1 diabetes and poor glycemic control have an increased risk of 
retinopathy. However, the impact of other biomarkers and their 
relative importance for the development of retinopathy is less well 
understood.
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Materials and methods: Children and adults with type 1 diabetes 
were included from the Swedish National Diabetes Registry and fol-
lowed from January 1, 2001, to December 31, 2017. The association 
between risk factors and retinopathy was evaluated with the gradi-
ent of risk per 1 SD (standard deviation) to estimate the impact of 
each risk factor. The risk factors were evaluated as mean of longi-
tudinally collected values from diagnosis and onwards. Retinopathy 
was defined as simplex retinopathy or worse. In all analyses of non-
glucose related risk factors adjustments were made for age, sex and 
mean HbA1c-level.
Results: A total of 10398 persons (43.4 % females) with type 1 diabetes 
were included in the analysis. They had a mean age of 14.7 years at first 
visit and mean HbA1c varied between 7.9-8.3% (62.4-66.7 mmol/mol) 
for various follow-up times. For the risk of any retinopathy, HbA1c was 
the strongest risk factor with an odds ratio of 1.73 (95% CI 1.64-1.82, 
p<0.0001). Other risk factors of retinopathy were systolic blood pres-
sure OR 1.20 (95% CI 1.15-1.26, p<0.0001), diastolic blood pressure 
1.18 (95% CI 1.12-1.23, p<0.0001), BMI 1.21 (95% CI 1.15-1.27, 
p<0.0001) and smoking 1.06 (95% CI 1.01-1.11, p=0.0088). Increased 
HDL was associated with reduced risk of retinopathy, OR 0.94 (95% 
CI 0.89-0.99, p=0.013). LDL, triglycerides, and cholesterol showed no 
association. For more severe forms of retinopathy (nonproliferative and 
proliferative), other risk factors than HbA1c did not reach statistical 
significance due to relatively few events.
Conclusion: The current study supports that healthy lifestyle habits 
are important for the development of retinopathy in children and young 
adults. Individuals with type 1 diabetes, followed from diagnosis over 
at least 10 years, with high BMI, hypertension, smokers and those with 
low HDL developed retinopathy to a greater extent.
Disclosure: S. Seyed Ahmadi: None.
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Incidence and risk factors for diabetic retinopathy at diagnosis of 
type 2 diabetes: an observational study of 77681 patients from the 
Swedish National Diabetes Registry
S. Sofizadeh1, C.  Zhou2, K. Eeg-Olofsson2, M.  Lind3;
1Närhälsan Dalaberg primary health care, Uddevalla, Sweden, 
2The Swedish National Diabetes Register, Gothenburg, Sweden, 

3Department of Molecular and Clinical Medicine, Institute of Medi-
cine, Gothenburg, Sweden.

Background and aims: The aim was to assess the prevalence of dia-
betic retinopathy (DR) in persons with newly diagnosed type 2 diabetes 
(T2D) to understand a potential need for intensified screening for early 
detection of T2D. We also evaluated if certain populations were at 
specifically high risk.
Materials and methods: Individuals from the Swedish national dia-
betes register (NDR) with a retinal photo <2 years after diagnosis of 
T2D were included. The proportion of patients with retinopathy (sim-
plex or worse) was assessed. Patient characteristics and risk factors 
at diagnosis were analyzed in relation to DR with logistic regression.
Results: In total 77,681 individuals with newly diagnosed T2D, mean 
age 62.6 years and 41.1% females were included between January 2015 
to December 2019. Of these, 17.2%, n=13329 had DR. In a subgroup 
of 72681 (94% of the total cohort) with information of patient charac-
teristics DR was more common in older persons OR 1.03 (95% CI 1.01-
1.05) and men compared with women, OR 1.10 (95% CI 1.06-1.15). 
Other variables associated with DR were lower education OR 1.08 
(95% CI 1.02-1.14), previous stroke 1.18 (95% CI 1.07-1.30), chronic 
kidney disease 1.30 (95% CI 1.07 - 1.56), treatment with acetylsali-
cylic acid 1.14 (95% CI 1.07-1.21) and ACE-inhibitor 1.12 (95% CI 
1.05-1.18). With respect to geographic areas DR was more common in 
individuals born in Asia 1.16 (95% CI 1.08-1.25) compared with those 
born in Sweden. DR was monotonically associated with higher HbA1c 
OR 1.75 (95% CI 1.66-1.85) at HbA1c >70 mmol/mol compared to 
the group with HbA1c below 48 mmol/mol. In a subgroup of 73% of 
patients who in addition had information of blood pressure and BMI at 
<3 months after diagnosis of T2D increased systolic BP > 140 mmHg 
OR 1.33 (95% CI 1.21-1.47) was associated with increased risk of DR 
compared to systolic BP110 mmHg whereas BMI showed an inverse 
association OR 0.72 (95% CI 0.66-0.78) for BMI >35 kg/m2.
Conclusion: Intensified screening of T2D and prediabetes is needed in 
Sweden since almost 1/5 of persons diagnosed with T2D have retinopa-
thy already at diagnosis of T2D indicating long-standing hyperglycae-
mia before diagnosis. The prevalence of DR was somewhat higher in 
certain patient groups including men, those with previous stroke, kid-
ney disease, hypertension and born in certain regions outside Sweden.
Disclosure: S. Sofizadeh: None.
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Receptor-interacting protein kinase (RIPK)3 regulates podocyte 
structure and function in diabetic kidney disease
E. Lee1,2, J.  Kang1, N.-J.  Cho1, S.  Lee2, J.-H.  Lee3, J.  Lee4, M.  Choi2, 
S.  Son2, M.  Park2, J.  Park4;
1Department of Internal Medicine, Soonchunhyang University Cheonan 
Hospital, Cheonan, Republic of Korea, 2Department of Medicine and BK21 
FOUR Project, Soonchunhyang University, Cheonan, Republic of Korea, 
3Department of Pathology, Soonchunhyang University Cheonan Hospi-
tal, Cheonan, Republic of Korea, 4Department of School of Life Sciences, 
Gwangju Institute of Science and Technology, Gwangju, Republic of Korea.

Background and aims: Receptor-interacting protein kinase (RIPK)3 
is an essential molecule for necroptosis and its role in kidney fibrosis 
has been investigated using various kidney injury models. However, the 
relevance and the underlying mechanisms of RIPK3 of podocyte injury 
in diabetic kidney disease (DKD) are poorly understood.
Materials and methods: Diabetic animal model was induced by a high 
fat diet in Ripk3 knockout (KO) mice. For in vitro research, we exposed 
mouse or human podocytes to high glucose (30 mM), with or without 
GSK872, a RIPK3 inhibitor. The role and the underlying mechanism 
of RIPK3 in diabetic podocyte injury were analyzed in vivo, in vitro, 
and human DKD specimens.
Results: We used single-cell RNA sequencing on kidney cortex to char-
acterize cell-type-specific gene expression. Cell trajectory analysis identi-
fied that Ripk3 had a function associated with the mitochondrial pathway. 
RIPK3 deficiency in DKD mice improved albuminuria, podocyte numbers, 
and renal histopathological features including foot process effacement and 
glomerular basement membrane (GBM) thickening. Increased mitochon-
drial fragmentation, upregulated mitochondrial fission-related proteins such 
as phosphoglycerate mutase family member 5 (PGAM5) and dynamin-
related protein 1 (Drp1), and mitochondria dysfunction were decreased in 
RIPK3-depleted diabetic podocytes both in vitro and in vivo. By contrast, 
RIPK3 overexpression was sufficient to increase PGAM5 expression and 
mitochondrial fragmentation due to mitochondrial translocation of Drp1. 
Our data showed that expression of RIPK3 in diabetic podocytes was upreg-
ulated and that such upregulation mediated the development of diabetic 
podocytopathy, likely by regulating mitochondrial fission via PGAM5-Drp1 
signaling thorough MLKL and by remodeling actin cytoskeleton. Further-
more, we found that RIPK3 level was upregulated in podocytes and plasma 
from human DKD cohort. Such upregulation was correlated with podocyte 
loss, albuminuria, and poor renal outcome in humans.
Conclusion: In summary, our results demonstrate that RIPK3/MLKL 
pathway is activated in podocytes from diabetic kidney. In addition, this 
pathway can regulate mitochondrial fission and contribute to podocytes 
injury through PGAM5-Drp1 signaling. Inhibition of RIPK3 could 
protect podocytes against mitochondrial dysfunction through suppres-
sion of PGAM5 and Drp1, suggesting that RIPK3 might be a novel 
therapeutic target for preventing DKD.
Supported by: NRF-2020R1A2C2003438
Disclosure: E. Lee: Grants; National Research Foundation (NRF) of 
Korea grant funded by the Korea Government (Ministry of Science 
and ICT) (2020R1A2C2003438).

128
Renal function based on serum cystatin C versus creatinine in 
determining mortality risk in type 2 diabetes: the Fremantle Dia-
betes Study Phase II
W.A. Davis1, P.  Chubb2, D.G.  Bruce1, T.M.E.  Davis1;
1Medical School, University of Western Australia, Fremantle, Aus-
tralia, 2PathWest Laboratory Medicine WA, Murdoch, Australia.

Background and aims: To determine whether estimated glomerular 
filtration rate (eGFR) based on serum cystatin C (cysC;  eGFRcysC) is 
superior to conventional serum creatinine-based eGFR  (eGFRcreat) in 
determining 10-year mortality risk in community-based people with 
type 2 diabetes.
Materials and methods: Ninety-nine percent (1,466) of the 1,482 
participants in the Fremantle Diabetes Study Phase II type 2 diabe-
tes cohort (recruited 2008-11) were ≥17 years at entry and had both 
serum cysC and creatinine measurements. eGFR was calculated using 
the respective Chronic Kidney Disease Epidemiology Collaboration 
equations. Ten-year mortality was ascertained to end-2021 through 
validated data linkage. Receiver operating characteristic curves were 
compared for  eGFRcysC and  eGFRcreat versus death. Cox regression was 
used to identify the most parsimonious model of independent associates 
of death excluding eGFR.  eGFRcysC and  eGFRcreat were then entered 
separately as continuous and categorical variables. The likelihood ratio 
test (LRT) was used to discriminate between models.
Results: At baseline, the participants were (mean±SD) 66±11 years 
old, 52% were males, with median [interquartile range] diabetes 
duration 9 [3-16] years;  eGFRcysC and  eGFRcreat were 64.9±23.4 
and 79.7±21.4 mL/min/1.73m2, respectively. Forty-three percent of 
participants were in the same eGFR category irrespective of equa-
tion, but 55% were in a higher eGFR category when calculated using 
creatinine (see Table). A quarter had  eGFRcysC <60 but  eGFRcreat 
≥60 mL/min/1.73m2 while 4% had  eGFRcysC <30 but  eGFRcreat ≥30 
mL/min/1.73m2. During 10 years of follow-up, 384 (26%) died. The 
area under the curve for  eGFRcysC was greater than that for  eGFRcreat 
(difference 0.053, P=0.006). Age, sex, Asian ethnicity, being mar-
ried, current smoking, diabetes duration, obesity, heart rate, systolic 
blood pressure, warfarin use, urine albumin:creatinine ratio, periph-
eral arterial disease, heart failure and Charlson Comorbidity Index 
≥3 were independently associated with mortality; all models that 
included eGFR were better than this most parsimonious model (LRT, 
P≤0.0006). Continuous  eGFRcysC performed best but was not sig-
nificantly better than categorical  eGFRcysC or categorical  eGFRcreat 
(P≥0.145). The continuous  eGFRcreat performed worst including 
versus categorical  eGFRcreat (P=0.002). The relationship between 
categorical  eGFRcysC and risk of death was linear with a hazard 
ratio (HR) of 2.75 (95% CI (1.55, 4.86)) for <30 versus ≥90 mL/
min/1.73m2. There was a J-shaped relationship between categorical 
 eGFRcreat and death with a nadir at 60-89 mL/min/1.73m2.
Conclusion: These data suggest that use of  eGFRcreat rather than 
 eGFRcysC may underestimate kidney function loss in type 2 diabetes, 
while  eGFRcysC provides a simpler and more statistically robust predic-
tion of mortality than  eGFRcreat after adjusting for other relevant variables.

Supported by: Australian NHMRC Project Grants
Disclosure: W.A. Davis: Grants; Australian NHMRC Project Grants.

129
Preliminary results from iBEAt ancillary-study: a novel clas-
sification of renal damage in diabetes
P. Pontrelli1, M.  Rossini1, F.  Conserva1, F.  Pesce1, T.  Ardillo1, M. 
 Moschetta1, F.  Giorgino1, L.  Laviola1, S.  Sourbron2, K.M.  Gooding3, 
M.F.  Gomez4, M.  Kretzler5, L.  Gesualdo1;
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1University of Bari Aldo Moro, Bari, Italy, 2University of Sheffield, 
Sheffield, UK, 3University of Exeter, Exeter, UK, 4Lund University, 
Malmö, Sweden, 5University of Michigan, Ann Arbor, MI, USA.

Background and aims: Renal damage in diabetes includes diverse 
histological patterns, from true diabetic glomerulosclerosis (DN) to 
non-diabetic renal disease (NDRD); hence, kidney biopsy remains 
the gold standard for appropriate diagnosis. The iBEAt study within 
the BEAt-DKD project (https:// www. beat- dkd. eu/; GA 115974) aims 
to identify and implement renal imaging biomarkers by magnetic 
resonance-MRI and ultrasound-US to dissect DKD heterogeneity. In 
this iBEAt sub-study, we aimed to explore the correlations between 
imaging, clinical, molecular and histopathological data of DKD 
patients to dissect the different phenotypes.
Materials and methods: Up to March 2023, we enrolled 75 patients 
to perform kidney biopsy, US and MRI, along with biofluids and 
clinical data collection. 64 out of 75 patients underwent kidney biopsy 
and three renal cores were collected (one core was formalin-fixed and 
paraffin embedded, the second was used for immunofluorescence and 
electron microscopy and the third was used for molecular analysis)
Results: According to the KDIGO guidelines our cohort included: 13 
patients in stage A1 (1 G1, 1 G2, 2 G3a, 7 G3b, 2 G4); 26 patients in 
stage A2 (7 G1, 6 G2, 4 G3a, 7 G3b, 2 G4) and 25 patients in A3 (3 
G1, 7 G3a, 7 G3b, 8 G4). According to the histological classification 
by Mazzucco et al (2002), 31% of DKD patients belong to class 1 (dia-
betic glomerulosclerosis); 33% to class 2 (vascular and ischemic glo-
merular changes); 4% to class 3a (glomerular diseases superimposed on 
DN); 31% to class 3b (other glomerulonephritis in the absence of DN). 
Pathologist assessment evidenced the presence of heterogeneous lesions 
among patients included within the same Mazzucco class. Therefore, 
we proposed a novel DKD classification integrating renal pathology 
and pathogenetic drivers. We first identified 7 different histological 
classes of DKD: i) I: pure DN; ii) II: DN and nephroangiosclerosis; iii) 
III: DN and acute tubular necrosis; iv) IV: DN and Focal Segmental 
Glomerulosclerosis (FSGS); v) V: Nephroangiosclerosis; vi) VI: FSGS 
and other GN; vii) VII: FSGS and nephroangiosclerosis. According 
to the pathogenic drivers of DKD, we then grouped these classes in 
pure metabolic damage (class I), metabolic damage and other drivers 
(including classes II, III, IV), pure vascular damage (class V) and immu-
nological damage (classes VI, VII). By applying the newly proposed 
classification, we observed a significantly different distribution among 
classes of key clinical parameters, uACR (p=0.02), eGFR (p=0.012), 
serum creatinine (p=0.002) and proteinuria (p=0.004). PAS glomerular 
staining positivity confirmed the more severe glomerular damage in the 
metabolic classes (p=0.02); the vascular wall-to-lumen ratio was able 
to significantly discriminate patients with vascular vs. immunological 
damage (p=0.002). Finally, the renal resistive index measured through 
US significantly discriminated pure DN from mixed forms (p=0.02).
Conclusion: The integration of renal pathology, imaging and molecu-
lar data within the same patient has the potential to unlock new diag-
nostic criteria to specifically address the heterogeneity of renal phe-
notypes, providing a new classification of renal damage in diabetes.
Supported by: BeatDKD (grant agreement No 115974)
Disclosure: P. Pontrelli: None.

130
External validation of kidney failure risk equation in a multi-ethnic 
cohort of more than 7000 people with type 2 diabetes and chronic 
kidney disease
A. Goubar1, A.  Mangelis1, S.  Thomas2, P.  Vas2, J.  Collins2, S.  Ayis1, 
J.  Karalliedde3;
1King’s College London, London, UK, 2King’s Health Partners, Lon-
don, UK, 3King’s Health Partners, King’s College London, London, 
UK.

Background and aims: The four variable Kidney failure risk equation 
(KFRE) which uses (age, sex, eGFR by CKD-EPI equation and urine 
albumin to creatinine ratio), is recommended to estimate the risk of 
end stage kidney disease (ESKD) and guides prompt referral of high 
risk people to kidney clinical services. There is limited data on the 
performance of KFRE in ethnically diverse cohorts of people with 
type 2 diabetes (T2DM). Our aim was to evaluate the performance of 
the KFRE in multi-ethnic cohort of people with T2DM and chronic 
kidney disease (CKD).
Materials and methods: We included 7,296 people with T2DM and 
CKD (eGFR 15 to 60 ml/min) attending routine clinical care at two 
large hospitals in South London between 2004 and 2018. Clinical data 
were collected from electronic patient records. The median follow-up 
was 10.2 years. The primary endpoint for KFRE’s validation was time 
to ESKD (eGFR <15 ml/min). Ability of KFRE to discriminate indi-
viduals who experienced ESKD from those who did not was assessed 
using concordance index (C-index). KFRE’s calibration was assessed 
by plotting the average predicted risk against the observed risk for each 
of the ten risk groups defined by tenths of predicted risk. Calibration 
metrics such as the median and the  90th percentile of the absolute dif-
ference between smoothed observed and predicted risks (AD) were 
used.
Results: We evaluated 7,296 (30% female) with mean (standard devia-
tion) age 65 (12) years of whom 2,955 (41%) were African-Caribbean, 
3,298 (45%) Caucasian and 1,043 (14%) other ethnicity. Median (inter-
quartile range) eGFR was 47.6 (38.2, 54.2) ml/min. Of the cohort, 
1,130 (15.5%) people reached primary endpoint, with 270 (3.7%) over 
2 years and 547 (7.5%) over 5 years. The discrimination of KFRE was 
satisfactory but not ideal for both 2 and 5 years ESKD risk prediction 
(C-index 0.843, 95% CI 0.839 to 0.847 for 2 and 0.801 95% CI 0.798 
to 0.804 for 5 years). The KFRE ’under-predicted’ the risk of ESKD in 
all the ten risk groups. The median (95% CI) and  90th percentile (95% 
CI) of the AD were 0.022 (0.018 to 0.027) and 0.073 (0.061 to 0.084) 
for 2 years and 0.049 (0.40 to 0.057) and 0.138 (0.120 to 0.156) for 5 
years ESKD risk prediction. Similar ’under performance’ of KFRE was 
observed in all ethnic groups.
Conclusion: KFRE demonstrated satisfactory but not ideal prediction 
of ESKD in an ethnically diverse cohort of people with T2DM and 
CKD. We could not identify unique feature of the cohort that explained 
lower performance of the KFRE. Further studies are needed to identify 
variables/biomarkers that can improve the performance of KFRE.
Supported by: Guy’s and St Thomas’ Charity
Disclosure: A. Goubar: None.

131
Utility of molecular markers in urine to differentiate diabetic kid-
ney disease from non-diabetic kidney disease and possible role in 
pathogenesis
S. Ghosh, M. Basu, A. Raychaudhury, N. Bhattacharyya, P. 
Mukhopadhyay;
IPGME & R CALCUTTA, Kolkata, India.

Background and aims: Renal involvement in Type 2 diabetes can be 
due to diabetes per se (Diabetic Kidney Disease, DKD) or other than 
diabetes (Non-diabetic Kidney Disease, NDKD). Renal biopsy remains 
the gold standard for diagnosis. None of the currently available clinical 
parameters are good to preselect individuals for renal biopsy. In animal 
models with diabetes and kidney disease, several gene alterations have 
been reported. Long non-coding RNAs are emerging as regulators of 
diverse molecular functions and contributors of human disease. Lim-
ited data available in animal models suggests possible alteration of 
lncRNA, which may contribute to the pathogenesis of DKD by modu-
lation of protein-coding genes. This has not been explored in humans 
with biopsy-proven kidney disease in T2 DM. With this background, 

https://www.beat-dkd.eu/
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we aimed to determine the expression of long noncoding RNA, pro-
teins, and protein-coding genes from urine to evaluate if this could help 
differentiate DKD from NDKD. To determine the possible relation of 
that selected lncRNA in the regulation of the identified proteins.
Materials and methods: We recruited patients with renal involvement 
(eGFR >30ml/min/m2 to <60ml/min/m2 and/or ACR>300mg/mcg who 
underwent renal biopsy and histopathologically classified (ISN/RPS). 
We also included subjects with T2DM without renal involvement and 
healthy controls. 5ml of second-morning urine sample in fasting state 
was collected. The expression of selected proteins was determined by the 
Enzyme-linked immunosorbent assay (ELISA) method (with creatinine 
normalization). Expression of several lncRNAs was determined in urinary 
cells and urinary exosomes. Differences in expression between groups 
were determined by quantitative real-time PCR with respect to internal 
control. Mann-Whitney U and Receiver operating characteristic (ROC) 
curves) were performed. The correlation between lncRNA and mRNA/
protein was determined and further validated in the cell culture model.
Results: Amongst 110 subjects who underwent biopsy, 73 (66.4%) 
had DKD; 20 (18.2 %) had NDKD; and 17 (15.4 %) had mixed kidney 
disease. Expression of MALAT1, PVT1, NEAT, and HOTAIR levels 
was higher in the urinary cells of subjects with DKD, this expression 
was further validated in exosomes. In exosomes, PVT1 and MALAT1 
had the best discriminatory ability to differentiate DKD from NDKD 
(p<0.01), (p<0.05) with 90% sensitivity and specificity of 82 %. 
Expression of different tubular glomerular markers was identified. 
Urinary NGAL (expression of protein level as well expression at gene 
level) was able to differentiate DKD from NDKD (P<0.001, P<0.01) 
which in turn was positively correlated with expression of lncRNAs 
(MALAT1 & PVT1) (P<0.05). Expression of Epithelial-mesenchymal 
transition (EMT) markers and markers of fibrosis of which expression 
of TGF β was different amongst the groups and it showed a positive 
correlation with MALAT1(r=0.767, p<0.001) and PVT1(r=0.670, 
p<0.01). We further validated our findings in the cell culture model.
Conclusion: Long-noncoding RNA expression along with its asso-
ciated genes and protein expression from urine may help differenti-
ate DKD from NDKD
Supported by: RSSDI, ICMR, West Bengal Science and technology, 
RSSDI West Bengal
Disclosure: S. Ghosh: None.
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Nox5: a promising therapeutic target for diabetic kidney disease
J.C. Jha1, A.  Dai1, H.R.  Kankanamalage1, J.  Meister2, J.  Vincent3, 
M.E.  Cooper1, K. Jandeleit-Dahm1,2;

1Department of Diabetes, Central Clinical School, Monash Uni-
versity, Melbourne, Australia, 2Institute for Clinical Diabetology, 
German Diabetes Centre, Leibniz Centre for Diabetes Research at 
Heinrich Heine University, Dusseldorf, Germany, 3Universite de 
Geneve, Geneva, Switzerland.

Background and aims: Diabetes is the leading cause of end stage 
kidney failure. Oxidative stress due to excessive production of reac-
tive oxygen species plays a critical role in diabetic kidney disease 
(DKD). Pro-oxidant enzyme NADPH oxidase-NOX5 is considered 
as a major contributor of ROS and thereby aggravating renal injury 
in DKD. We aim to identify the pathogenic role of NOX5 and asso-
ciated ROS-sensitive pathways in DKD using various experimental 
models including human kidney biopsies, human renal organoids and 
cells, humanised NOX5 transgenic mice and rabbit models as well 
as novel NOX5-specific inhibitors.
Materials and methods: We examined the ROS production as well 
as expression of NOX5 in association with ROS-sensitive factors 
including a protein kinase, PKC-α, a transcription factor, EGR1 
(early growth response 1) and a key metabolic gene involved in 
redox balance, TXNIP (thioredoxin-interacting protein) in human 
kidney biopsies, human renal organoids and cells. We assessed the 
effect of NOX5 inhibition using genetic manipulation and pharma-
cological inhibition approaches in human renal cells and organoids 
exposed to diabetic milieu environment. In vivo, we also assessed 
the effect of endothelial cell specific -Nox5 overexpression inde-
pendent of NOX4 in humanised Nox5 transgenic mice in the pres-
ence or absence of streptozotocin induced diabetes.
Results: We identified increased expression of renal NOX5 in dia-
betic patients and in high fat fed rabbits. We also found a positive 
association of renal NOX5 with upregulation of EGR-1, PKC-α 
and TXNIP. In vivo, overexpression of human NOX5 independ-
ent of NOX4 pathways demonstrated an increase in albuminuria, 
glomerulosclerosis, renal fibrosis and inflammation in association 
with upregulation of EGR-1, ERK1/2, PKC-α, PKC-ε and TXNIP 
via enhanced ROS production in comparison to diabetic mice not 
expressing Nox5. In vitro, pharmacological inhibition of Nox5 
attenuated high glucose induced gene expression of markers of 
fibrosis and inflammation as well as downregulation of EGR-1, 
PKC-α and TXNIP.
Conclusion: The findings of this study suggest that NOX5 plays 
a key role in human DKD, thereby providing the impetus for the 
fast track validation of NOX5 specific inhibitors to improve kidney 
health in diabetes.
Supported by: NHMRC
Disclosure: J.C. Jha: None.



S72 Diabetologia (2023) 66 (Suppl 1):S1–S536

1 3

OP 23 More news from SGLT2s

133
SGLT2 inhibitor dapagliflozin enhances skeletal muscle fatty 
acid uptake in subjects with type 2 diabetes: a positron emission 
tomography study
A. Latva-Rasku1, J.  Tuisku1, A.  Bhowmik1, H.  Keskinen1, E. 
 Rebelos1, S.  Laurila1, J.  Koffert1, L.  Nummenmaa1, K.  Heurling2, 
J.  Oscarsson3, P.  Nuutila1;
1Turku PET Centre, University of Turku, Turku, Finland, Turku, 
Finland, 2Antaros Medical, Mölndal, Sweden, 3AstraZeneca AB, 
Mölndal, Sweden.

Background and aims: Sodium-glucose cotransporter 2 inhibitors 
(SGLT2i) have been shown to alter tissue metabolism in humans and 
animal models, with fatty acid and ketone bodies thought to become 
preferred fuels over glucose. The aim of this study was to investigate 
the effects of dapagliflozin on tissue fatty acid metabolism in subjects 
with type 2 diabetes (T2D) by using positron emission tomography 
(PET).
Materials and methods: In this randomized, double-blinded pla-
cebo-controlled trial, 53 subjects with inadequately controlled T2D 
received either dapagliflozin 10 mg or placebo daily for 6 weeks. 
Tissue fatty acid uptake was assessed at baseline and at the end of 
treatment in skeletal muscle, the brain and small intestine with PET 
by using  [18F]-6-thia-heptadecanoic acid  ([18F]-FTHA) tracer. The 
scans were performed in the afternoon after a minimum of 6 hours 
of fasting and 6 hours after taking the study drug. Changes in treat-
ment effects were analysed using ANCOVA, with treatment group as 
the independent variable and baseline values as covariates, and the 
results are reported as least square means (95 % confidence interval 
for the difference between groups). For the brain, a similar statistic 
was used with statistical parametric mapping.
Results: A total of 40 subjects (dapagliflozin N=21, placebo N=19) 
completed the  [18F]-FTHA studies. 55 % were males, and they had 
a mean (SD) age of 64.8 (6.9) years, BMI of 29.9 (3.6) kg/m2 and 
HbA1c of 6.6 (0.6) % with no significant differences between groups. 
At 6 weeks, HbA1c and BMI were decreased in the dapagliflozin 
group (-0.2 [-0.4, -0.04] %, p=0.016, and -0.5 [-0.7, -0.2] kg/m2, 
p <0.001).
Both skeletal muscle and brain fatty acid uptake increased (+1.0 
[0.07, 2.0] micromol/100 g/min, p=0.036 in skeletal muscle, see 
Figure 1 for the brain, global mean increase 32 %). In the small 
intestine the minor increase in uptake was not statistically significant 
(+0.5 [-0.08, 1.2], p=0.08). Level of serum free fatty acids during 
the scans was not significantly affected by the treatment (p=0.27), 
whereas serum hydroxybutyrate level increased (+0.04 [0.01, 0.08] 
micromol/L, p=0.023] and fasting plasma glucose decreased (-0.62 
[-1.1, -0.1] mmol/L, p=0.016) in the dapagliflozin group compared 
to placebo.
Conclusion: In this study, we showed by using direct assessment 
of tissue metabolism by PET that 6 weeks of treatment with dapa-
gliflozin increases muscle and brain fatty acid uptake. This is in 
line with previous hypotheses and indirect measurements showing 
enhanced fatty acid metabolism in response to SGLT2i treatment, 
and demonstrate how widespread the shift from glucose to fatty acid 
utilization is.

Clinical Trial Registration Number: NCT03387683
Supported by: The study was funded by AstraZeneca
Disclosure: A. Latva-Rasku: None.
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Anti-inflammatory and antioxidant effects of SGLT-2 inhibitors 
in epicardial adipose tissue of subjects with severe heart failure
M. Mraz1, B.J.  Kasperova2, S. Stemberkova-Hubackova2, 
P.  Svoboda2, D.  Hlavacek3, J.  Mahrik4, O.  Kuda5, T.  Cajka5, 
I.  Pleyerova2, K.  Reznickova2, P.  Novodvorsky1, P.  Ivak3, V. 
 Melenovsky6, I.  Netuka3, M.  Haluzik1;
1Department of Diabetes, Institute for Clinical and Experimen-
tal Medicine, Prague, Czech Republic, 2Experimental Medicine 
Centre, Institute for Clinical and Experimental Medicine, Prague, 
Czech Republic, 3Department of Cardiovascular Surgery, Institute 
for Clinical and Experimental Medicine, Prague, Czech Republic, 
4Department of Anesthesia and Resuscitation, Institute for Clinical 
and Experimental Medicine, Prague, Czech Republic, 5Institute of 
Physiology, Czech Academy of Sciences, Prague, Czech Republic, 
6Department of Cardiology, Institute for Clinical and Experimental 
Medicine, Prague, Czech Republic.

Background and aims: The exact mechanisms behind cardiopro-
tective effects of SGLT-2 inhibitors (SGLT-2i) are still not fully 
understood. Using complex transcriptomic, metabolomic and immu-
nochemical methods we analysed epicardial (EAT) and subcutaneous 
(SAT) adipose tissue of patients with severe heart failure treated with 
SGLT-2i in order to identify possible cardioprotective pathways.
Materials and methods: Twenty six subjects with severe heart failure 
with reduced ejection fraction (NYHA III-IV) treated with SGLT-2i 
(18 with type 2 diabetes mellitus - T2DM) and 26 age-, BMI- and left 
ventricular ejection fraction-matched control subjects (8 with T2DM) 
scheduled for heart transplantation or mechanical support implantation 
were included into the study. The complex analysis of EAT and SAT 
included liquid chromatography in combination with mass spectrome-
try for metabolomics, RT-qPCR for transcriptomics and flow cytometry 
and immunochemistry for detection of immune cells and mitochondria.
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Results: Compared with controls, EAT of SGLT-2i subjects showed 
marked reduction in macrophage infiltration along with a decrease 
in Th1 and Th2 cells and mRNA levels of macrophage marker 
ADGRE1. This was not the case for SAT, where only reduced mRNA 
levels of inflammatory markers including IL6 and MCP1 were 
detected. Moreover, mitochondrial staining revealed improvement 
of mitochondria morphology in EAT of SGLT-2i group accompa-
nied by decreased oxidative stress. Finally, enhanced enrichment of 
ether lipids with oleic acid noted on metabolomic analysis suggests 
reduced disposition to ferroptosis (iron-dependent lipid peroxida-
tion-regulated cell death) further contributing to decreased oxidative 
stress in EAT of SGLT-2i subjects.
Conclusion: SGLT-2i treatment is associated with reduced inflam-
mation and oxidative stress in epicardial adipose tissue, which could 
at least partially explain their cardioprotective effects.
Supported by: CarDia (Programme EXCELES, Project No. 
LX22NPO5104) - Funded by the European Union - Next Generation 
EU; NV19-02-00118; IKEM, IN 00023001
Disclosure: M. Mraz: None.
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Mapping the metabolic reprogramming induced by sodium-glu-
cose cotransporter 2 inhibition
G. Leibowitz1, Y.  Riahi1, O.  Mosenzon1, I.  Abramovich2, B. 
 Agranovich2, L.  Hinden3, L.  Kadosh1, R. Ben-Haroush  Schyr4, 
D.  Kleiman4, E.  Cerasi1, D. Ben-Zvi4, E.  Gottlieb2, J.  Tam3, A. 
Kogot-Levin1;
1Diabetes Unit and Endocrine Service, Hadassah-Hebrew University 
Medical Center, Jerusalem, Israel, 2The Laboratory for Metabolism in 
Health and Disease, Technion-Israel Institute of Technology, Haifa, 
Israel, 3The Institute for Drug Research, School of Pharmacy, Faculty 
of Medicine, The Hebrew University of Jerusalem, Jerusalem, Israel, 
4Developmental Biology and Cancer Research, Hadassah-Hebrew Uni-
versity Medical School, Jerusalem, Israel.

Background and aims: SGLT2 inhibitors (SGLT2i) reduce the 
risk for kidney disease, congestive heart failure and mortality in 
patients with and without diabetes. We have previously shown that 
the beneficial effects of SGLT2i are mediated via inhibition of the 
nutrient sensor mTORC1 in renal proximal tubular cells (RPTCs). 
We hypothesize that RPTCs function as a metabolic hub, regulating 
nutrient(s) metabolism in various organs. Here, we aimed to decipher 
the metabolic alterations that occur in the kidney, liver, and heart in 
diabetes and in response to SGLT2 inhibition, which prevent glucose 
reabsorption in RPTCs.
Materials and methods: We performed in vivo metabolic labeling with 
13C-glucose in normoglycemic wild-type and diabetic Akita mice treated 
with or without the SGLT2 inhibitor dapagliflozin (10 mg/kg/day) or 
degludec insulin (1-4 units/day) for one week, followed by simultaneous 
metabolomics and metabolic flux analyses in the kidney cortex, liver, 
heart, and the plasma. mTORC1 and AMPK activities were analyzed by 
Western blotting.
Results: We found that in diabetes, glycolysis and glucose oxidation 
are impaired in the kidney, liver, and heart, evident by decreased levels 
of 13C-labeled pyruvate, lactate and TCA cycle metabolites. Treat-
ment with dapagliflozin failed to rescue glycolysis and further inhibited 
pyruvate kinase activity in the liver. On the contrary, SGLT2 inhibition 
increased glucose oxidation in all organs. In addition, dapagliflozin 
increased plasma and liver ketone body β-hydroxybutyrate levels. Dia-
betes was associated with altered methionine cycle metabolism, evident 
by decreased betaine and methionine levels, whereas treatment with 
SGLT2i increased hepatic betaine along with decreased homocysteine 
levels. The activity of mTORC1 was inhibited by SGLT2i along with 
stimulation of AMPK in both normoglycemic and diabetic animals. 

In contrast to SGLT2i, treatment with insulin enhanced glycolysis, 
glucose-derived amino acid synthesis and inhibited ketogenesis.
Conclusion: SGLT2i induce metabolic reprogramming orchestrated 
by the key nutrient-sensing pathways AMPK and mTORC1, leading 
to enhanced energy production through increased glucose and fatty-
acid oxidation, whereas insulin promote energy-consuming anabolic 
pathways. In addition, SGLT2i prevent dysregulated methionine 
cycling in diabetes. These effects may explain the beneficial effects 
of SGLT2i with important implications for diabetes and aging.
Supported by: EFSD/Novo Nordisk Programme for Diabetes Research 
in Europe, ISF
Disclosure: G. Leibowitz: None.

136
Tolerability and effectiveness of gliclazide MR-SGLT2i combina-
tion in type 2 diabetes people fasting during Ramadan: a subgroup 
analysis of the real-world DIA-RAMADAN study
M. Hassanein1, A.  Durocher2, V.  Cortese2;
1Dubai Hospital, Dubai, United Arab Emirates, 2Global Medical and 
Patient Affairs, Servier, Suresnes, France.

Background and aims: DIA-RAMADAN study was a prospective, 
observational, international study that explored in real-world settings 
safety and effectiveness of gliclazide MR in people with Type 2 Diabe-
tes (T2D) fasting during Ramadan. The present sub-analysis was con-
ducted in the subgroup of patients treated with gliclazide MR combined 
with a SGLT2i, with or without other oral antidiabetic drugs (OADs).
Materials and methods: The DIA-RAMADAN study enrolled patients 
across 9 countries in culturally diverse regions: India/Pakistan/Bangla-
desh, Egypt/Kuwait/UAE/Saudi Arabia, Indonesia/Malaysia. Data were 
collected during Ramadan 2019. Main eligibility criteria were adult T2D 
patients treated at stable doses with gliclazide MR for >90 days prior to 
enrolment. Patients requiring insulin and with HbA1c ≥9% were excluded. 
Patients were examined at inclusion (V0) 6-8 weeks before Ramadan. 
Patients remained on Gliclazide MR once daily for 14-18 weeks. A second 
visit (V1) was conducted 4-6 weeks after Ramadan. Main study outcomes 
were the proportion of patients reporting ≥1 confirmed hypoglycemia 
event (HE), changes in HbA1c and body weight. Changes pre- to post-
Ramadan were analyzed using paired t-tests or Wilcoxon tests. Adherence 
(%) was calculated as (sum of number of intakes taken during Ramadan/
sum of number of intakes to be taken during Ramadan) x 100.
Results: Of 1214 patients included, 102 received a gliclazide MR-
SLGT2i based therapy. These patients were in average younger (mean 
± SD: 51.4 ± 10.4 years vs 54.3 ± 10.4 years, respectively), with longer 
disease duration (5.8 ± 4.5 years vs 5.4 ± 5.7 years), higher HbA1c (7.7 
± 1.0% vs 7.5 ± 0.9%) and had more comorbidities (hypertension 58.8% 
vs 33.7%, dyslipidemia 51.0% vs 26.8%) compared to those not receiv-
ing the combination. Adherence to the combination therapy was ≥80% 
in 95.1% of patients. Most patients were treated with ≥3 OADs (92.2%). 
4/102(3.9%) patients reported ≥1 confirmed HE and no severe HEs were 
reported. No patient broke his fast due to hypoglycemia. A significant 
reduction in HbA1c (-0.6 ± 1.0 %; p<0.001) and body weight (-0.6 ± 
5.9 kg; p<0.001) was observed between V0 and V1.
Conclusion: This sub-analysis of the DIA-RAMADAN study suggests 
that the combination of gliclazide MR with a SGLT2i is a well toler-
ated and effective treatment option for patients with Type 2 Diabetes 
who are fasting during Ramadan. The study found a low incidence of 
hypoglycemic events and significant reductions in HbA1c and body 
weight. These findings in real-life settings provide important insights 
into the management of T2D during Ramadan and could inform clinical 
practice in this population.
Clinical Trial Registration Number: NCT04132934
Disclosure: M. Hassanein: Employment/Consultancy; Servier 
consultant.
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Risk of diabetic microvascular complications, heart failure, hos-
pitalisation and all-cause mortality with SGLT2i and GLP1-ra in 
type 2 diabetes: a real-world data study
A. Eleftheriadou1, D.  Riley1, P.  Austin2, G.  Hernandez2, U.  Alam1;
1Department of Cardiovascular & Metabolic Medicine, University 
of Liverpool, Liverpool, UK, 2TriNetX LLC, Cambridge, MA, USA.

Background and aims: To assess the relationship of sodium-glucose 
cotransporter-2 inhibitors (SGLT2i) and glucagon-like peptide-1 
receptor analogues (GLP1-ra) on 5-year risk of diabetic neuropathy, 
autonomic neuropathy, diabetic retinopathy and macular oedema, hos-
pitalisation and all-cause mortality in type 2 diabetes.
Materials and methods: This is a retrospective cohort analysis of six 
million people with type 2 diabetes across 85 healthcare organisations 
using a global federated health research network (TriNetX, Boston, 
USA). Two intervention cohorts (SGLT2i, n=126,171 ; GLP1-ra, 
n=164,024 ) were compared against a control cohort (no SGLT2i/ 
GLP1-ra, n=1,665,412 ). Propensity score matching for age, sex, 
ischaemic heart disease, microvascular complications, HbA1c <7% and 
37%, and use of pioglitazone was used to balance cohorts 1:1. A sub-
analysis comparing the two intervention cohorts was also performed.
Results: Intervention cohorts (both SGLT2i and GLP1-ra) demonstrated 
a reduced relative risk (RR, 95% confidence interval [95%CI]) com-
pared to the control cohort at 5 years for macular oedema (SGLT2i: 
0.55, 0.51-0.59. GLP1-ra: 0.80, 0.76-0.84), heart failure (SGLT2i: 0.55, 
0.54-0.57. GLP1-ra: 0.63, 0.61-0.65), hospitalisation (SGLT2i: 0.64, 
0.64-0.65. GLP1-ra: 0.65, 0.65-0.66) and all-cause mortality (SGLT1i: 
0.38, 0.37-0.40. GLP1-ra: 0.39, 0.38- 0.40). Contrary to the GLP1-ra 
cohort, the SGLT2i cohort demonstrated a reduced risk compared to the 
control cohort at 5 years for diabetic neuropathy (SGLT2i: 0.86, 0.84-
0.89. GLP1-ra: 1.19, 1.16-1.22), autonomic neuropathy (SGLT2i: 0.83, 
0.76-0.92. GLP1-ra: 1.08, 1.00-1.17) and diabetic retinopathy (SGLT2i: 
0.71, 0.67-0.74. GLP1-ra: 1.06, 1.02-1.10). When directly comparing to 
SGLT2i, the GLP1-ra cohort demonstrated an increased RR at 5 years in 
neuropathy (1.42, 1.39-1.47), autonomic neuropathy (1.28, 1.17-1.40), 
diabetic retinopathy (1.48, 1.41-1.55), macular oedema (1.49, 1.38-
1.60), heart failure (1.16, 1.12-1.20), hospitalisation (1.04, 1.03-1.06) 
and all-cause mortality (1.09, 1.06-1.13).
Conclusion: SGLT2i and GLP1-ra both reduce the risk for macular 
oedema, heart failure, hospitalisation and all-cause mortality in people 
with type 2 diabetes over 5 years. Additionally, SGLT2i therapy reduces 
the risk for further microvascular complications including neuropathy, 
autonomic neuropathy and retinopathy. SGLT2i therapy was associated 
with the greatest risk reduction in diabetic microvascular complications 
as well as heart failure, hospitalisation and all-cause mortality. Future 
randomised controlled trials of SGLT2i and GLP1-ra should incorpo-
rate sensitive surrogate biomarkers of diabetic microvascular disease 
to validate these findings and if validated, in particular SGLT2i should 
be considered higher in the treatment algorithm for the general patient 
with type 2 diabetes.
Supported by: TriNetX LLC
Disclosure: A. Eleftheriadou: None.
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Socioeconomic dispartities in the use of SGLT-2 inhibitors and 
GLP-1 receptor antagonists in adults with type 2 diabetes in 
Germany
M. Auzanneau1,2, J.  Seufert3, S.  Zimny4, T.  Haak5, A.  Zeyfang6, I. 
 Hugenberg7, M.  Pavel8, J.  Rosenbauer9, R.W.  Holl1,2;
1Ulm University, Ulm, Germany, 2German Center for Diabe-
tes Research (DZD), Munich-Neuherberg, Germany, 3Division 
of Endocrinology and Diabetology, Department of Medicine II, 
Medical Center – University of Freiburg, Faculty of Medicine, 

University of Freiburg, Freiburg, Germany, 4Department of Gen-
eral Internal Medicine, Endocrinology and Diabetes, Helios Klinik 
Schwerin, Schwerin, Germany, 5Diabetes Center Mergentheim, 
Bad Mergentheim, Germany, 6Department of Internal Medicine, 
Geriatric Medicine, Palliative Medicine and Diabetology, medius 
Klinik Ostfildern-Ruit and Nürtingen, Ostfildern, Germany, 
7RoMed Klinik Prien am Chiemsee, Prien am Chiemsee, Germany, 
8Department of Medicine 1, Friedrich-Alexander University Erlan-
gen-Nürnberg, Erlangen, Germany, 9Institute for Biometrics and 
Epidemiology, German Diabetes Center (DDZ), Leibniz Center 
for Diabetes Research at Heinrich Heine University Düsseldorf, 
Düsseldorf, Germany.

Background and aims: SGLT-2 inhibitors (SGLT2i) and GLP-1 
receptor agonists (GLP1-RA) are broadly recommended for type 2 
diabetes (T2D) treatment, but real-world usage is variable. We aimed 
to examine if demographic and regional socioeconomic factors are 
associated with their usage in a large population of adults with T2D 
in Germany.
Materials and methods: All visits of adults with T2D documented in 
2021 in the nationwide Diabetes Prospective Follow-up (DPV) registry 
were included. Regional deprivation was assessed using the German 
Index of Socioeconomic Deprivation categorized into quintiles, from 
Q1 (least deprived districts) to Q5 (most deprived districts). We applied 
logistic regression models adjusted for gender, age, and diabetes dura-
tion to investigate the association between regional deprivation and 
SGLT2i and GLP-1RA usage in diabetes treatment.
Results: The study population comprised 30,016 adults with T2D 
(56% males; median age: 69.5 years [59.5-78.9]; median diabetes 
duration: 10.7 years [4.6-18.9]). Men used SGLT2i more frequently 
than women (24.5% vs. 16.2%, p<0.001), whereas GLP1-RA use did 
not differ between men and women (14.7% vs. 14.5%, p= 0.05). The 
use of both SGLT2i and GLP1-RA was highest in the 40-<60 years 
age group and lowest in the ≥ 80 years age group (SGLT2i: 27.7% vs. 
9.6%, p<0.001; GLP1-RA: 22.1% vs. 4.3%, p<0.001). With increasing 
deprivation from Q1 to Q5, the use of SGLT2i significantly decreased 
from 26.0% [24.7-27.2] to 16.3% [15.4-17.2] (p<0.001) and the use 
of GLP1-RA from 17.1% [16.0-18.2] to 12.6% [11.8-13.4] (p<0.001). 
In contrast, the proportion of persons with T2D treated with insulin 
monotherapy increased between Q1 and Q5 from 8.3% [7.5-9.1] to 
14.7% [13.8-15.6] (p<0.001).
Conclusion: Data from real-world care are essential to examine evi-
dence-based access to new treatment options. Our data indicate that 
the use of SGLT2i and GLP1-RA in adults with T2D is associated with 
socioeconomic deprivation in Germany. Impaired access to these new 
cardiorenal protective glucose-lowering medications may increase the 
risk for renal and cardiovascular morbidity and mortality in socially 
deprived persons with T2D. Further research is necessary to investigate 
more precisely which socioeconomic barriers may limit this access to 
novel treatment options in Germany, a country with believed universal 
and comprehensive health care coverage.
Supported by: DZD
Disclosure: M. Auzanneau: None.
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Prediabetes and diabetes 11 years after pregnancy in ethnic 
minority groups with and without gestational diabetes
C. Waage1, I.  Mdala1, A. Brænd1, A.K.  Jenum1, K.I.  Birkeland2,3;
1Department of General Practice, University of Oslo, Oslo, Norway, 
2Department of Transplantation, University of Oslo, Oslo, Norway, 
3Department of Endocrinology, Obesity and Preventive Medicine, Oslo 
University Hospital, Oslo, Norway.

Background and aims: Women of South Asian origin living in Western 
countries have higher risk of developing diabetes compared to Europeans. 
We conducted a community-based study with unselected OGTT-screening 
for gestational diabetes (GDM) in three multi-ethnic districts of Oslo dur-
ing 2008-2011 and included 823 women. We invited women still living in 
Oslo and nearby counties for re-examination in 2019-2022 to determine the 
prevalence of prediabetes (HbA1c 39-47 mmol/mol) and diabetes.
Materials and methods: Data were collected at four visits at (mean) 
gestational week 15 and 28, 14 weeks after birth (V1-V3) and at 11 
years after birth (V4). At V4, we collected data from interviews, clinical 
examinations including anthropometrics, blood pressure measurements, 
objectively measured physical activity and blood samples. We assessed 
ethnic differences in dysglycemia using the Pearson Chi-square, and 
one-way analysis of variance (ANOVA) with Bonferroni correction for 
mean differences in HbA1c, weight gain and caliper-measured subcu-
taneous fat. We performed supervised machine learning using the least 
absolute shrinkage and selection operator (LASSO) logistic regression 
model to select predictors and create a parsimonious model.
Results: At V4 we examined 206 Europeans (mean±SD age 41.3±4.8 
years, BMI 26.2±5.2), 86 South Asians (age 40.1±4.3 years, BMI 
27.5±4.3) and 68 women of other ethnic minority origin (East Asia, 
Middle East and Africa) (age 41.7±4.7 years, BMI 28.1±5.2). The 
overall prevalence of dysclycemia was significantly higher in South 
Asians (43%) and other ethnic groups (34%) compared with Europeans 
(17%), P<0.001. For women with previous GDM, the prevalence of 
dysglycemia was significantly higher in South Asians (43.2%) com-
pared to Europeans (22.2%), P=0.04. Mean weight gain from prepreg-
nancy to V4 was significantly higher in South Asians (8.7±6.5 kg) 
compared to Europeans (5.3±7.4 kg), P=0.002. Women from South 
Asia and other minorities had a higher increase in in sub-scapular fat 
from V1-V4 (7.9 ±8.9 mm) compared to Europeans (3.1±7.4 mm), 
P<0.001. Preliminary results from the LASSO logistic regression 
model, indicate that the strongest predictors of prediabetes/diabetes 
after 11 years (ordered by predictive power) were ethnicity, HBA1c 
at V1, prepregnancy BMI and age. Our preliminary prediction model 
had an area under the ROC-curve of 0.7741 (95% CI: 0.7196, 0.8286).
Conclusion: We found that 34-43% of 41-year old women with ethnic 
minority background had developed prediabetes or diabetes 11 years 
after the index pregnancy. The most important predictor variables 
were South Asian ethnicity and HbA1c measured early in pregnancy.
Clinical Trial Registration Number: 2018/2517
Supported by: DAM
Disclosure: C. Waage: Grants; DAM foundation Norway.

140
Metabolites of diacylglyceride and unsaturated fatty acid synthesis 
improves prediction of gestational diabetes
E.C. Francis, R.K. Johnson, C.C. Cohen, D. Dabelea, W. Perng;
University of Colorado, Aurora, CO, USA.

Background and aims: Gestational Diabetes (GDM) is an increasingly 
prevalent condition that impacts maternal-child health across their lifecourse. 
Early prediction of GDM is an important research area with potentially 

substantial impact on intervention timing. Since GDM is a metabolically het-
erogeneous condition, untargeted metabolomics holds potential to improve 
this prediction. Prior studies have focused mainly on individual metabolites. 
However, the ratios of two metabolites may point to disruptions in pathways 
that are more characteristic of a phenotype than individual metabolites alone. 
Our objective was to compare fasting untargeted metabolomic ratios and 
individual levels to fasting glucose in the prediction of GDM.
Materials and methods: We used data from 989 pregnant women in 
the Healthy Start cohort. GDM was diagnosed at 24-26 weeks using 
the Carpenter Coustan criteria and abstracted from medical records. 
Untargeted metabolomics were measured with liquid chromatography 
mass spectrometry from fasting blood collected at approximately 17 
weeks. We used principal component analysis of 2,574 metabolomic 
features and the elbow method to determine the important compo-
nents (n=11). We selected the top 20 highest loading features from 
each component for further analysis (n=220 metabolomic features). 
We preformed enrichment analysis of the 220 metabolomic features 
using the original 2,574 as a reference to identify classes of metabolites 
that were over-represented. From the 220 metabolomic features, we 
calculated ratios of all possible metabolite pairs and chose the top 20 
ranked ratios (based on P-values) to be used with the non-ratio features 
in prediction of GDM. We used a random forest algorithm to classify 
and rank features and evaluated feature importance using Monte-Carlo 
cross validation with a false-discovery rate (FDR) P-value of 0.05. We 
compared the area under the curve (AUC) from a model predicting 
GDM based on fasting glucose alone to a model that included fasting 
glucose and metabolomic features using leave-one-out cross-validation.
Results: The 220 selected metabolomic features were enriched in path-
ways of diacylglyceride metabolism and unsaturated fatty acid synthesis. 
A prediction model of GDM that included only fasting glucose resulted 
in an AUC of 0.74 (95% CI: 0.66, 0.81). Eight ratios and two individual 
metabolomic features were selected as the variables with high impor-
tance for GDM prediction (FDR P-value<0.05). A model that included 
fasting glucose and the selected metabolomic variables resulted in an 
AUC of 0.83 (0.77, 0.89), which was a significant improvement over a 
model of fasting glucose alone (P-value=0.002). Most metabolite ratios 
included metabolites of phosphatidylcholines (14:0/14:1-22:0/22:1), 
phosphatidylethanolamine (16:0/16:1 - 22:0/22:1), very-long chain 
acylcarnitines, and a-tocopherol phosphoric acid. A metabolite without 
annotation with a retention time and mass of 15.73 545.3400m/z was 
selected in three of the ratios, and as an individually important feature.
Conclusion: A select set of metabolomic features that were mostly 
from diacylglyceride and unsaturated fatty acid synthesis measured in 
mid-pregnancy improved the prediction of GDM diagnosed clinically 
in late pregnancy, compared with fasting glucose alone. Further study 
of untargeted metabolomics, especially among women with GDM, 
may identify different processes by which the maternal metabolome 
in pregnancy impacts maternal-child health.
Supported by: NIH: K99HD108272, R25HL146166, R01DK076648, 
UH3OD023248
Disclosure: E.C. Francis: None.
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Continuous glucose monitoring-derived glycaemic metrics and 
adverse pregnancy outcomes among women with gestational 
diabetes
J. Zheng;
Westlake University, Hangzhou, China.

Background and aims: To investigate associations of continuous glucose 
monitoring (CGM)-derived metrics during pregnancy with pregnancy 
outcomes among participants with gestational diabetes mellitus (GDM).
Materials and methods: We included 1302 pregnant women (mean: 
26.0 gestational weeks) with GDM. These participants received a 
14-day CGM measurement at recruitment and were followed until 
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delivery. The primary outcome was any adverse pregnancy outcome, 
defined as having ≥1 of the outcomes: preterm birth, small- or large-
for-gestational-age (SGA or LGA) birth, fetal distress, premature rup-
ture of membranes and primary cesarean delivery. The secondary out-
comes were above individual outcomes. We performed multivariable 
logistic regression to evaluate associations of CGM-derived metrics 
with these outcomes.
Results: Per 1-SD difference in time above range (TAR), glucose area 
under the curve (AUC), nighttime and daytime mean blood glucose 
(MBG) was associated with higher risk of any adverse pregnancy 
outcome, with odds ratio: 1.24 (95%CI 1.09, 1.41), 1.21 (95%CI 1.08, 
1.36), 1.17 (95%CI 1.04, 1.31) and 1.19 (95%CI 1.06, 1.34), respec-
tively. The time in range TAR, AUC, nighttime and daytime MBG 
and mean amplitude of glucose excursions were positively associated, 
while time blow range were inversely associated with risk of LGA.
Conclusion: The CGM-derived metrics during pregnancy are asso-
ciated with adverse pregnancy outcomes. These CGM biomarkers 
could serve as potential new intervention targets to maintain a healthy 
pregnancy status among patients with GDM.

Clinical Trial Registration Number: NCT04060056
Supported by: This study was funded by the National Key R&D Pro-
gram of China (2022YFA1303900)
Disclosure: J. Zheng: None.

142
Methylation risk score for gestational diabetes on DNA methyla-
tion patterns associated with type 2 diabetes
T. Linares-Pineda1, N. Fragoso  Bargas2, M. Picón1, M. Molina-Vega1, 
A.K.  Jenum3, L.  Sletner4, S. Lee-Ødegård5, J.O.  Opsahl5, G.-H.  Moen6, 
E.  Qvigstad7, R.B.  Prasad8, K.I.  Birkeland2, S.  Morcillo1, C.  Sommer9;
1IBIMA, Málaga, Spain, 2Department of Endocrinology, Morbid 
Obesity & Preventive Medicine, Oslo University Hospital, Oslo, 
Norway, 3Department of General Medicine, Institute of Health and 
Society, University of Oslo, Oslo, Norway, 4Department of Pediatric 
and Adolescents Medicine, Akershus University Hospital, Lørenskog, 
Norway, 5Institute of Clinical Medicine, University of Oslo, Oslo, Nor-
way, 6Institute of Clinical Medicine, University of Oslo, Oslo, Norway, 
7Department of Endocrinology, Morbid Obesity and Preventive Medi-
cine, Oslo University Hospital, Oslo, Norway, 8Lund University Dia-
betes Centre, Malmö, Sweden, 9Department of Endocrinology, Morbid 
Obesity and Preventive Medicine, Oslo, Norway.

Background and aims: Gestational diabetes mellitus (GDM) and type 
2 diabetes mellitus (T2DM) share many pathophysiological factors, but 
the exact underlying mechanisms are largely unknown. Genetic predis-
position for T2DM only explains a small percentage of T2DM occur-
rence or heritability, suggesting a role for environmental factors where 
epigenetics may play an important role. Whether T2DM and GDM share 
DNA methylation marks has not yet been tested. The aim was to test 
whether a Methylation Risk Socre (MRS) for T2DM is associated with 
increased risk for GDM across ancestry and GDM criteria
Materials and methods: MRS was constructed from 42 CpGs associated 
with T2DM in a meta-analysis of 5 European cohorts. The B-value from 
those CpGs were extracted from two cohorts of pregnant women with 
GDM and non-GDM from different ethnic origins and diagnostic criteria.
Results: EPIPREG and EPIDG cohorts are two pregnancy cohorts 
that have been studied to investigate DNA methylation and gestational 
diabetes mellitus (GDM). EPIPREG includes 480 healthy women of 
different ethnic origins (European and South Asians) who attended 
Child Health Clinics in Oslo, Norway during 2008-2010. EPIDG, 
includes 230 Mediterranean pregnant women attending the unit of 
diabetes and pregnancy at the University Hospital Virgen de la Victo-
ria, Málaga, Spain. DNA methylation in both cohorts were quantified 
with Infinium MethylationEPIC BeadChip. R studio v.4.0.4 were used 
to perform all the statistical analysis. The study analysed the DNA 
methylation of the cohorts at gestational week 28+-2. With a logistic 
mixed model regression we elucidate that MRS were associated with 
GDM in our three groups, ancestry was treated as random intercept. 
The unadjusted and adjusted model by age, pre-pregnant BMI, family 
history of diabetes and smoking status were associated with GDM 
risk: O.R:1.3; 95%C.I: 1.14-1.79, P.val= 0.002 and OR: 1.4, 95%C.I: 
1.10-1.74, P.val= 0.00014 respectively. Also, linear mixed model was 
performed in continuous clinical variables. The unadjusted linear mix 
model MRS was associated with C-peptide, fasting glucose and pre-
pregnant BMI. In the adjusted linear mix model, only glucose was 
associated with MRS (P.val=0.0086).
Conclusion: For the first time, we have tested a novel MRS for T2DM 
that is significantly associated with GDM, suggesting shared epige-
netic mechanisms between GDM and T2DM. This may help explain 
the increased risk of T2DM after GDM. Furthermore, understanding 
which factors that modify methylation of these genes, and the role 
of the genetic variants in disease development may help to improve 
prevention and management of GDM and T2DM in the future
Clinical Trial Registration Number: 2015/1035
Supported by: SOR-OST, NDA, ISCIII
Disclosure: T. Linares-Pineda: None.
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Kidney disease in women with previous gestational diabetes: a 
nationwide, register-based cohort study
M.H. Christensen1,2, C.  Bistrup3,4, K.H.  Rubin5,6, E.A.  Nohr2,4, C.A. 
 Vinter2,4, M.S.  Andersen4,7, S. Möller5,6, D.M.  Jensen1,4;
1Steno Diabetes Center Odense, Odense University Hospital, Odense, 
Denmark, 2Department of Gynecology and Obstetrics, Odense University 
Hospital, Odense, Denmark, 3Department of Nephrology, Odense Uni-
versity Hospital, Odense, Denmark, 4Department of Clinical Research, 
University of Southern Denmark, Odense, Denmark, 5Research unit 
OPEN, Department of Clinical Research, University of Southern Den-
mark, Odense, Denmark, 6OPEN - Open Patient data Explorative Net-
work, Odense University Hospital, Odense, Denmark, 7Department of 
Endocrinology, Odense University Hospital, Odense, Denmark.

Background and aims: Women with gestational diabetes mellitus 
(GDM) have an increased risk of developing diabetes and hypertension 
later in life and may be at higher risk of incident kidney disease com-
pared to women without GDM. We explored the association between 
GDM and long-term incident chronic and acute kidney disease. Fur-
ther, we quantified the potential mediating effect of diabetes and hyper-
tension on the association and investigated the potential impact of level 
of insulin resistance on the future risk of kidney disease.
Materials and methods: This nationwide register-based cohort study 
included all women delivering in Denmark during 1997-2018. The expo-
sure was GDM and outcomes were incident chronic and acute kidney 
diseases based on diagnosis codes. We used presence of GDM and need 
of insulin treatment during pregnancy as proxies for the level of insulin 
resistance and stratified according to subsequent development of diabetes 
or hypertension. Cox regression and mediation analyses were performed.
Results: In the study population of 697,622 women, 3.4% were diag-
nosed with GDM. Median follow-up was 11.9 years (range 0-21.9). 
Women with GDM had a 92% increased risk of developing chronic 
kidney disease (adjusted hazard ratio (aHR) 1.92 [95% CI 1.67-2.21]) 
compared to women without GDM. No significant association was 
found between GDM and incidence of acute kidney disease (aHR 1.08 
[95% CI 0.90-1.29]). The association between GDM and chronic kid-
ney disease was mediated by subsequent diabetes and hypertension by 
75.7% (95% CI 61.8-89.6) and 30.3% (95% CI 25.2-35.4), respectively. 
Increased levels of insulin resistance were paralleled by increased risk 
of chronic kidney disease. This pattern was evident both in women 
with and without subsequent development of diabetes or hypertension.
Conclusion: Women with GDM had higher risk of developing chronic 
but not acute kidney disease. Subsequent diabetes and hypertension 
partly mediated the increased risk. Level of insulin resistance appeared 
to be associated with the future risk of chronic kidney disease.
Supported by: Research grant from the Danish Diabetes Academy 
which is funded by the Novo Nordisk Foundation

Disclosure: M.H. Christensen: Grants; Danish Diabetes Academy, 
Region of Southern Denmark, University of Southern Denmark.

144
Replication of interaction between PTPN22 susceptibility vari-
ants and caesarean section in type 1 diabetes risk: the Norwegian 
mother, father and child cohort study
L. Stene1, K. Størdal1,2, T.  Skrivarhaug3, G.  Tapia1;
1Department of Chronic Diseases, Norwegian Institute of Public 
Health, Oslo, Norway, 2Institute of Clinical Medicine, University of 
Oslo, Oslo, Norway, 3Division of Paediatric and Adolescent Medicine, 
Oslo University Hospital, Oslo, Norway.

Background and aims: Type 1 diabetes (T1D) results from a combina-
tion of genetic susceptibility variants and largely unknown environmen-
tal exposures. Most suggested environmental risk factors have shown 
weak association with T1D, including birth by caesarean section. We 
previously discovered an interaction between the established PTPN22 
coding variant rs2476601 (R620W/1858C>T) and caesarean section in a 
case-control study. We set out to replicate this in an independent cohort.
Materials and methods: The Norwegian Mother, Father and Child 
Cohort Study (MoBa) include over 100,000 mother and child pairs 
and T1D was ascertained in the Norwegian Childhood Diabetes 
Registry. Mode of delivery was obtained from the Medical Birth 
Registry of Norway and DNA extracted from umbilical cord vein 
blood was genotyped using an Illumina custom chip with valid data 
from 120 children who developed T1D and 373 randomly selected 
controls in MoBa.
Results: Caesarean section occurred among 21.7% of cases and 9.9% 
of controls. Like our previous finding, we found that carrying at least 
one PTPN22 risk allele was strongly associated with T1D in those 
born vaginally (OR=2.24, 95%CI 1.37-3.65), p=0.001, but not in those 
born by caesarean section (OR=0.63, 95%CI: 0.20-1.96, p=0.42), 
p(interaction)=0.045. Results were consistent after excluding those 
with maternal T1D. We further explored and confirmed similar pat-
terns for both a non-HLA genetic risk score based on >40 established 
T1D susceptibility SNPs, and for celiac disease as the outcome in the 
same cohort.
Conclusion: There seem to be a consistent pattern of negative inter-
action where birth by caesarean section reduce or nullify the effect of 
genetic susceptibility variants in PTPN22 and other loci. Further work 
must clarify potential mechanisms, but we speculate that caesarean sec-
tion somehow influences pathways involved in genetic susceptibility, 
perhaps by early life microbiota.
Supported by: Norwegian Research Council
Disclosure: L. Stene: None.
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Deletion of the type 2 diabetes candidate gene SLC16A11 wors-
ens whole body insulin sensitivity via impaired skeletal muscle 
metabolism in mice
N.N. El-Agroudy1,2, T.  Schumann3, A.  Kurzbach4, C.  Hermann3, L. 
 Sandforth1, B.  Hamilton5, G.I.  Shulman6, A.L.  Birkenfeld1;
1Institute for Diabetes Research and Metabolic Diseases (IDM), Helm-
holtz Zentrum München at the Univ, Tübingen, Germany, 2Pharmacol-
ogy & Toxicology, Faculty of Pharmacy, Ain Shams University, Cairo, 
Egypt, 3Technische Universität Dresden, Dresden, Germany, 4University 
of Konstanz, Konstanz, Germany, 5Department of Metabolic Diseases, 
Boehringer Ingelheim Pharma GmbH & Co KG, Biberach an der Riss, 
Germany, 6Departments of Internal Medicine and Cellular & Molecular 
Physiology, Yale School of Medicine, New Haven, CT, USA.

Background and aims: Genome-wide association studies identified the 
monocarboxylate transporter SLC16A11 as a susceptibility gene for Type 
2 Diabetes (T2D). Previous studies suggested that SLC16A11 plays a role 
in hepatic lipid metabolism. However, these studies were controversial, 
raising a debate of whether SLC16A11 variants reflect loss- or gain-of-
function mutations. Here, we aimed at elucidating the role of SLC16A11 
in the development of insulin resistance and metabolic dysfunction.
Materials and methods: Murine and human SLC16A11 were 
expressed in HEK293 cell lines to study their transport function and 
kinetics. SLC16A11 knockout mouse model was generated using 
CRISPR/Cas9 and metabolically characterized upon NCD and HFD 
feeding. Moreover, SLC16A11 mRNA expression was measured in 
different insulin responsive tissues of ob/ob and db/db mice.
Results: Our experiments in HEK293 cells reveal pyruvate and lactate 
as substrates for murine and human SLC16A11. Moreover, SLC16A11 
mRNA expression was reduced in skeletal muscles of ob/ob and db/
db mice (-69.8% and -22.8%; p<0.05) compared to littermate controls. 
Body weight and composition, energy expenditure, food intake, basal 
insulin and glucose levels were similar in SLC16A11 KO and WT lit-
termate mice fed NCD or HFD. Interestingly, HFD-fed SLC16A11 KO 
mice required lower glucose infusion rate during hyperinsulinemic eug-
lycemic clamp (SLC16A11 WT= 36.4±3 mg/kg/min; SLC16A11 KO= 
24.7±2 mg/kg/min; P<0.01), indicating reduced whole-body insulin 
sensitivity. No changes were detected in hepatic glucose production. 
Besides, liver fat content as well as mitochondrial citrate synthase flux 
 (VCS) and pyruvate carboxylase flux  (VPC) were unaltered in livers of 
HFD-fed SLC16A11 KO mice compared to WT littermates. Instead, 
clamped 2-deoxy-glucose uptake was significantly lower in skeletal 
muscle (-41%; p<0.05) of SLC16A11 KO, together with increased 
membrane/cytosolic DAGs levels and membrane PKCθ activation, con-
firming skeletal muscle insulin resistance. The later was accompanied 
by significant reduction in CI- and CII-linked mitochondrial OXPHOS 
capacity, mitochondrial maximal respiration capacity (ETS) as well 
as complex-I levels; indicating impaired mitochondrial respiration in 
skeletal muscle of SLC16A11 KO mice.
Conclusion: Our data confirm for the first time that deletion of 
SLC16A11 deteriorates skeletal muscle insulin sensitivity without 
affecting hepatic metabolism. Accordingly, we propose that increas-
ing SLC16A11 expression or activity could hold beneficial therapeutic 
effects for T2D.
Disclosure: N.N. El-Agroudy: None.

146
A long non-coding RNA regulating skeletal muscle protein 
metabolism
I. Sen, E. Caria, M. Savikj, J. Smith, J. Zierath, A. Krook;
Karolinska Institute, Stockholm, Sweden.

Background and aims: Long non-coding RNAs (lncRNAs) are 
important regulators of skeletal muscle physiology, and their expres-
sion is modulated in type 2 diabetes (T2D). In this study, we identify 
differentially expressed skeletal muscle-derived lncRNAs in individu-
als with T2D in comparison to the ones with normal glucose toler-
ance (NGT) and investigate the role of this/these lncRNA(s) in the 
regulation of skeletal muscle metabolism.
Materials and methods: 19 individuals with T2D and 17 matched con-
trols with NGT were recruited to this study. Vastus lateralis skeletal muscle 
biopsies were collected from these individuals and total RNA samples 
were isolated. RNA-SEQ was performed for the discovery of differentially 
expressed skeletal muscle-derived lncRNAs. Several metabolic and molec-
ular biology related assays were used for the functional characterization.
Results: RNA-SEQ data revealed one differentially expressed lncRNA 
in T2D subjects compared to the NGT control group. This was a human 
specific, novel, antisense lncRNA, which was significantly downregu-
lated in T2D group (p=0,013). When we silenced the lncRNA in human 
skeletal muscle cells we observed a significant decrease in protein content 
(p<0,05) and protein synthesis (p<0,05) as tested by SunSET assays. Fur-
thermore, we show that this lncRNA regulates protein synthesis through 
the modulation of ribosomal biogenesis confirmed with qPCR assays for 
ribosomal RNAs and protein coding genes. With RNA pulldown experi-
ments followed by Mass Spectroscopy, we identified putative protein 
binding partners of this lncRNA. Using CLIP-SEQ data from ENCORI 
database, a list of unique interactors was created, which were enriched 
for IGF2BP1 and its interactors. These proteins were shown to bind and 
regulate the mRNA stability and/or translation of the master regulator of 
ribosomal biogenesis, MYC. We tested whether our candidate lncRNA 
was involved in any of these processes and observed that upon its knock-
down MYC translation was decreased significantly (p<0,05).
Conclusion: We identify and functionally characterize a novel lncRNA, 
significantly downregulated in T2D, which regulates ribosomal biogenesis 
by modulating MYC translation possibly via physical interaction with RNA-
binding IGF2BP proteins. This process may be important for the mainte-
nance of skeletal muscle mass and by extension muscle function in people 
with T2D.
Clinical Trial Registration Number: 2013/647-31/3
Supported by: EFSD Rising Star Fellowship, EFSD/Lilly Young 
Investigator Research Award Programme
Disclosure: I. Sen: None.
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The insulin-sensitising effect of high-intensity interval training 
(HIIT) is associated with increased hydroxyphenyllactic acid levels 
in plasma and skeletal muscle
P.M. Møller1, M.H.  Petersen1, M.E. de  Almeida2, N. Ørtenblad2, J. 
 Havelund3, N.J. Færgeman3, K. Højlund4;
1University of Southern Denmark, Odense University Hospital, Odense 
C, Denmark, 2Sports Science and Clinical Biomechanics, University of 
Southern Denmark, Odense, Denmark, 3Biochemistry and Molecular 
Biology, University of Southern Denmark, Odense, Denmark, 4Steno Dia-
betes Center Odense, Odense University Hospital, Odense C, Denmark.

Background and aims: Insulin resistance is associated with altered 
levels of blood and tissue metabolites. High-intensity interval train-
ing (HIIT) improves metabolic health, including insulin sensitivity, in 
obesity and type 2 diabetes (T2D). Here, we examined if the beneficial 
effects of HIIT are linked to changes in metabolite levels and metabolic 
pathways in blood, skeletal muscle, and adipose tissue and if these 
changes are preserved in obesity and T2D.
Materials and methods: Glucose-tolerant lean (n=16) and obese 
(n=15) men and obese men with T2D (n=13) completed an 8-week HIIT 
protocol combining cycling and rowing. HIIT improved insulin sensitiv-
ity, increased  VO2max, and improved body composition, as observed by 
a decrease in fat mass and an increase in lean body mass in all groups. 



S79Diabetologia (2023) 66 (Suppl 1):S1–S536 

1 3

Resting plasma, skeletal muscle, and subcutaneous adipose tissue sam-
ples collected after an overnight fast before and 48-h after the HIIT pro-
tocol were used for large-scale untargeted metabolomics analyses.
Results: HIIT altered >300 muscle metabolites across all groups, includ-
ing metabolites within the lysine, tryptophan, and tricarboxylic acid cycle 
(TCA) metabolic pathways, but did not significantly impact the metabo-
lome of the adipose tissue. Muscle levels of citric acid and cis-aconitic 
acid, the first two substrates of the TCA, increased with HIIT in all groups 
(adj. p<0.05), while baseline levels tended to be decreased in obese and 
T2D compared to lean men. Interestingly, we did not observe any changes 
in the other detected substrates of the TCA. In plasma, we found a few 
metabolites regulated by HIIT. Among these was hydroxyphenyllactic 
acid, a metabolite related to the tyrosine- and phenylalanine metabolism. 
HIIT increased hydroxyphenyllactic acid in all groups (obese & T2D adj. 
p<0.05, lean unadj. p=0.003), and this change was conserved in mus-
cle as well (lean & obese adj. p<0.05, T2D adj. p=0.065). Both plasma 
and muscle metabolite levels correlated with insulin sensitivity (r>0.59, 
p<0.001),  VO2max (r>0.44, p<0.003), and BMI (r<-0.41, p<0.002). To 
test whether hydroxphenyllactic acid plays an active role in the insulin-
sensitizing effect of HIIT, we treated cultured myotubes with hydroxy-
phenyllactic acid and measured levels of proteins involved in exercise and 
insulin signaling. Preliminary data suggest that hydroxyphenyllactic acid 
increases the abundance of AMPK, AKT, and TBC1D4, proteins involved 
in exercise and insulin signaling to glucose transport.
Conclusion: HIIT mainly changed the muscle metabolome with intact 
responses in obese and T2D men. These included, among others, 
altered levels of metabolites involved in oxidative energy production. 
In addition, hydroxyphenyllactic acid, a metabolite regulated by HIIT 
in both plasma and muscle, was associated with improved insulin sen-
sitivity and may contribute to this process by increasing the abundance 
of exercise- and insulin-signaling enzymes.
Clinical Trial Registration Number: NCT03500016
Supported by: Novo Nordisk Foundation, SDCO PhD grant, Region 
Syddanmark PhD grant
Disclosure: P.M. Møller: Stock/Shareholding; Novo Nordisk A/S.
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The effect of 12 weeks of high intensity interval training (HIIT) 
on 24h rhythmicity in substrate metabolism of individuals at risk 
for developing type 2 diabetes
M. Kotte, J.-F. Harmsen, I. Habets, S.S. de Kam, J. Jorgensen, F. 
Bosschee, K. Frenken, J.F. Cissen, T. van de Weijer, M. Buitinga, J. 
Hoeks, P. Schrauwen;
Universiteit Maastricht, Maastricht, Netherlands.

Background and aims: We previously reported that young healthy 
lean males display 24h rhythmicity in substrate metabolism and skeletal 
muscle mitochondrial function. This rhythmicity was blunted in older 
males at risk for developing type 2 diabetes. Here, we investigated 
whether 12 weeks of HIIT could restore 24h rhythmicity in substrate 
metabolism, plasma substrate levels and skeletal muscle mitochondrial 
function in males at risk for developing type 2 diabetes.
Materials and methods: We here report the preliminary analysis of 8 
males at risk for developing type 2 diabetes (40-75 years, BMI >25 kg/m2). 
Indirect calorimetry was performed at 8AM, 1PM, 6PM, 11PM and 4AM, 
blood draws were taken two-hourly and muscle biopsies were obtained at 
8:30AM, 1:30PM and 11:30PM prior to and following 12 weeks of HIIT. 
Body composition was measured using air displacement plethysmography 
and exercise capacity was measured by an incremental cycling test.
Results: 12 weeks of HIIT significantly decreased fat mass (p<0,05), 
improved exercise capacity(p<0,05), and displayed a trend for 
enhanced mitochondrial respiration (p=0,07). However, no changes 
in day-night rhythmicity of whole-body substrate metabolism, plasma 
substrate levels or skeletal muscle mitochondrial function were 

observed. Additional data, including data on clock gene expression in 
muscle, will be presented at the conference.
Conclusion: We show that 12 weeks of HIIT improved body composition 
and exercise capacity but did not influence day-night rhythmicity in sub-
strate metabolism, plasma substrate levels and skeletal muscle mitochon-
drial function. Future studies could investigate whether different exercise 
models or time-restricted eating interventions can restore 24h metabolic 
rhythmicity in individuals at risk for developing type 2 diabetes.
Clinical Trial Registration Number: NCT04565418
Supported by: EFSD
Disclosure: M. Kotte: None.
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High-fat diet impairs temporal dynamics of acute exercise in mice
L.A. Pendergrast1, L.  Dollet2,3, S.P.  Ashcroft3, A.M.  Ehrlich3, J.T. 
 Treebak3, A.  Krook2, J.R.  Zierath1,3;
1Department of Molecular Medicine and Surgery, Karolinska Insti-
tutet, Stockholm, Sweden, 2Department of Physiology and Pharma-
cology, Karolinska Institutet, Stockholm, Sweden, 3University of 
Copenhagen, Copenhagen, Denmark.

Background and aims: Exercise is empirically supported as a risk-
reducing therapeutic for type 2 diabetes. Time of day regulates post-
exercise metabolism in multiple organs, including liver, skeletal 
muscle, and adipose tissue. However, metabolic disease disrupts home-
ostatic function of the circadian clock. We aimed to characterize the 
timing-specific effects of acute exercise in a rodent model of obesity.
Materials and methods: C57BL6/NTac male mice (6wks of age) were 
fed a standard chow or high-fat diet for 5 weeks. At week 5, mice were 
subjected to a 60-minute (16m/min, 5% incline) running bout (or sham) 
during the early rest (day) or early active (night) phase. Tissue and serum 
samples were collected immediately post-exercise (n=6 /group). Basal 
and isoproterenol-stimulated adipose tissue lipolysis was assessed ex vivo 
for 1 hour following exercise (or sham). Immediately post exercise, in vivo 
glucose oxidation was measured after oral administration of 13C-glucose 
via 13CO2 exhalation analysis in metabolic cages. Circulating exercise-
responsive molecules were assessed in serum. Gene expression was ana-
lyzed in liver, inguinal white adipose tissue (iWAT), and gastrocnemius. 
Data was analyzed by 3-way ANOVA (main effects of diet, exercise, and 
phase) or a 2-way ANOVA (main effects of exercise and phase) using R.
Results: Expression of core clock genes Nr1d1 and Per2 in the iWAT; 
Clock and Arntl in the gastrocnemius; and Clock in the liver were altered 
in high-fat fed mice (3-way ANOVA; phase x diet interaction effect; 
p<0.05)—indicating a less distinct core clock between activity phases. 
Glucose oxidation was reduced at the early active phase (3-way ANOVA; 
phase effect; p<0.0001) and after exercise (3-way ANOVA; exercise 
effect; p=0.002). Chow mice did not display a post exercise decrease 
in glucose oxidation at the early active phase (2-way ANOVA; phase x 
exercise interaction; p=0.06), suggesting that timing influences postexer-
cise substrate metabolism, but only in healthy mice. To assess if somatic 
substrate provision varies according to time of day, ex vivo lipolysis was 
determined in subcutaneous adipose tissue. In chow mice only, adipose 
tissue lipolysis was greater at the early active phase (2-way ANOVA; 
phase effect; p=0.051) and after exercise (2-way ANOVA; exercise 
effect; p=0.037). Isoproterenol-induced lipolysis was greater at the early 
active phase (2-way ANOVA; phase effect; p=0.015) in chow mice only. 
These data suggest a phase-specific reliance on fatty acids following 
exercise unique to healthy mice, which may rely upon a timing-specific 
sensitivity to adrenergic signaling in adipose tissue. Expression of fatty 
acid transporter 1 (Slc27a1) in gastrocnemius was greater during the 
early active phase only in chow mice (2-way; phase effect, p=0.017)—
suggesting obesity impairs time-of-day-specific fatty acid transport.
Conclusion: Obese mice show a disturbance of core clock gene expres-
sion within tissues that are central to substrate turnover. In the context of 
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timing, high-fat diet mice lack a distinct responsiveness to exercise at the 
whole-body level (glucose oxidation), as well as the tissue-specific level 
(via adipose tissue lipolytic function). In conclusion, obesity dampens 
diurnal metabolism, which may also influence the response to exercise.
Supported by: KID Karolinska Institutet Doctoral grant; Novo 
Nordisk Foundation; Swedish Diabetes Foundation
Disclosure: L.A. Pendergrast: None.
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Acute exercise simultaneously increases GDF15 and unfolded 
protein response/integrated stress response signalling in skeletal 
muscle in obesity and type 2 diabetes
R. Sabaratnam1, J.M.  Kristensen1, A.J.T.  Pedersen1, R.  Kruse1, 
A.  Handberg2, J.F.P.  Wojtaszewski3, K. Højlund1;
1University of Southern Denmark, Odense C, Denmark, 2Depart-
ment of Clinical Biochemistry & Department of Clinical Medicine, 
Aalborg University, Aalborg, Denmark, 3The August Krogh Section 
for Molecular Physiology, Department of Nutrition, Exercise and 
Sports, University of Copenhagen, Copenhagen, Denmark.

Background and aims: Regular exercise is important in the 
prevention and management of cardiometabolic diseases includ-
ing obesity and type 2 diabetes (T2D). Exercise-induced factors 
(exerkines) may be involved in the beneficial metabolic effects 
of exercise. Conversely, an impaired response to exercise and 
recovery due to attenuated expression/secretion of exerkines 
may contribute to cardiometabolic diseases. We aimed to inves-
tigate the effect of acute exercise on growth/differentiation fac-
tor 15 (GDF15) expression and circulating levels and its putative 
upstream regulators, the unfolded protein response (UPR)/inte-
grated stress response (ISR) in muscle in patients with T2D and 
weight-matched individuals.
Materials and methods: Skeletal muscle biopsies and serum sam-
ples were obtained from 14 obese glucose-tolerant men and 13 
obese men with T2D immediately before, after exercise and 3-h into 
recovery. Circulating and muscle transcript levels of GDF15 and key 
markers of UPR/ISR were determined. Furthermore, protein/phos-
phorylation levels of major regulators in UPR/ISR were investigated.
Results: In weight-matched controls and patients with T2D, acute exer-
cise increased muscle GDF15 mRNA expression (P<0.001) and serum 
GDF15 levels (P<0.001), which remained elevated 3-h into recovery 
(P<0.001) compared with basal levels. Immediately after exercise, 
transcript levels of the markers of UPR/ISR, ATF4, CHOP, EIF2K3 
(encoding PERK) and PPP1R15A (encoding GADD34) were increased 
in both groups (all P<0.05) of which only CHOP expression remained 
elevated 3-h into recovery (P=0.003). The UPR-specific markers includ-
ing XBP1-U, XBP1-S and EDEM1 were increased after exercise in both 
groups compared with basal levels (all P<0.05). In weight-matched 
controls, the phosphorylation levels of eIF2α-Ser51, a core molecule 
in the UPR and ISR, increased after exercise in controls (P<0.001) but 
decreased 3-h into recovery in both groups (P<0.05). Exercise did not 
affect the expression of HSPA5/GRP78, the phosphorylation levels of 
PERK or the gene expression or protein abundance of ATF6.
Conclusion: Our findings reveal that acute exercise elicits pronounced 
and overall similar changes in the muscle expression and circulating 
levels of GDF15 in patients with T2D and weight-matched controls. In 
both groups, an exercise-induced activation in muscle of specific com-
ponents from the UPR/ISR signalling cascade was observed. Collec-
tively, our data suggest that exercise-mediated regulation of GDF15 and 
its putative upstream regulators is not impaired in patients with T2D.
Supported by: Danish Diabetes Academy supported by the Novo 
Nordisk Foundation
Disclosure: R. Sabaratnam: None.
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Correlation of glycaemic variability in the ICU, with mortality 
in critically ill patients, based on data visual analytics of real 
world evidence
G.E. Dafoulas1, I.  Kalamaras2, K.  Votis2, A.  Bargiota1;
1Faculty of Medicine, University of Thessaly, Larisa, Greece, 2Cen-
tre for Research & Technology - Hellas, Thessaloniki, Greece.

Background and aims: Evidence suggests a role of glycemic vari-
ability (GV) in intensive care unit (ICU) mortality. Various metrics 
of GV for implementing glycemic control in critical patients, have 
been suggested and evidence is required to determine the most suit-
able metric. Coefficient of Variation (CoV) of glucose has been sug-
gested as a measure for glucose variability in ICU. CoV is derived 
as ratio of blood glucose Standard Deviation (SD) over mean blood 
glucose (MBG): CoV=SD /MBG. Another indicator of glycemic 
variability, the J-Index, is defined as J= 0.001(MBG+SD)2 .This 
study investigated the CV in mixed type of ICUs, as a prognostic 
marker for mortality in critically ill patients.
Materials and methods: We performed a retrospective cohort 
study using the Medical Information Mart for Intensive Care IV 
credentialed, anonymized database (MIMIC-IV), based on the data 
of 18071 ICU admissions between 2008 and 2019 at Beth Israel 
Deaconess Medical Center, USA. The selected admissions were 
those with at least 10 glucose measurements. The study protocol 
was approved by the respective Institutional Review Boards. From 
the total of 18071 admissions, 15354 (85%) were survivors and 2717 
(15%) were non-survivors. Male subjects were 10961 (60.7%) in 
total, while the overall subject age was 65.2 +/- 15.3 years (mean 
+/- SD). From each admission, we extract two indicators of glycemic 
variability: CoV and the J-Index. We use the two indicators as the x 
and y coordinates, respectively, to visualize ICU admissions. We use 
logarithmic scales to demonstrate the shape of the distributions more 
clearly. Values at the bottom-left correspond to small variability, 
as measured by each indicator, while values at the top-right corre-
spond to large variability. Rather than visualizing each admission as 
a point, we visualize the density of the points, using kernel-density 
estimation. We highlight the differences in density between survivors 
and non-survivors, by visualizing the difference in density between 
ICU admissions where the persons did not survive (yellow areas), 
versus those where the persons survived (blue areas).
Results: The results are shown in Panel 1 and 2 of the Figure 
below, for female and male subjects, respectively. The results 
are stratified per tertile (33% quantile) of OASIS (Oxford Acute 
Severity of Illness Score) and SOFA (Sequential Organ Failure 
Assessment) scores.
Conclusion: For small and medium SOFA scores, the non-survivor 
distribution exhibits a shift to the right and, for higher OASIS, to 
the top, indicating that non-survivors exhibit higher glycemic vari-
ability, measured with J-Index and CoV. The situation is similar 
in both genders, although more pronounced in male subjects. As 
SOFA and OASIS increase (bottom-right charts), this tendency 
disappears, with no clear shift towards higher variability, indicat-
ing that glycemic variability is not a critical factor for survival 
any more.
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Supported by: Co-financed by Greece & the EU - ESF through the 
Operational Programme Human Resources Development, Educa-
tion and Lifelong Learning 2014-2020
Disclosure: G.E. Dafoulas: None.
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A machine learning model for basal insulin titration of people 
with type 2 diabetes: preliminary results
C.H.N. Thomsen1,2,  T.  Kronborg1,2,  S.   Hangaard1,2,  P. 
 Vestergaard2,3, O.  Hejlesen1, M.H.  Jensen1,2;
1Department of Health Science and Technology, Aalborg University, 
Aalborg, Denmark, 2Steno Diabetes Center North Denmark, Aalborg, 
Denmark, 3Department of Endocrinology, Aalborg University, Aal-
borg, Denmark.

Background and aims: Insufficient glycaemic control among insu-
lin-treated people with type 2 diabetes (T2D) is a known issue caused 
by clinical inertia-induced behaviour among patients and clinicians. 
The titration process is further complicated because the individual’s 
optimal basal insulin dose differs, primarily due to variations in 
pancreatic insulin secretion and insulin sensitivity. Therefore, basal 
insulin titration is a pursuit of an individual’s optimal dose. These 
circumstances may lead to prolonged and conservative titration, lead-
ing to treatment fatigue and non-adherence. A tool able to foresee 
the effect of a change in basal insulin dose on fasting blood glucose 
(FBG) during titration may ease some of these challenges by enabling 
more optimal and individualised titration. Thus, this study aims to 
develop a machine learning model to predict the effect of a change in 
basal insulin dose on FBG in people with T2D.
Materials and methods: Data from a clinical trial investigating the 
efficacy and safety of insulin treatment in 786 adults with T2D was 
used. The data included age, sex, diabetes duration, self-reported 
FBG, self-reported basal insulin dose, hypoglycaemia, trial site, 
 HbA1c, and various blood and urine samples at baseline. Using a 
ranking approach, 80% and 20% of data were stratified into a train-
ing and test dataset. The output variable was total change in FBG 
during six weeks of titration. Fivefold cross validation was used to 
select features using forward selection and to train a multiple linear 
regression model optimised on relative absolute error (RAE). The 
model was tested on the independent test dataset to determine the 
model’s performance. Pearson correlation coefficient (R) and RAE 
were reported.
Results: Subjects had a mean age of 57±9.3 years, mean duration 
of diabetes of 12±6.7 years, mean  HbA1c of 8.1±0.7%, and 50% 
were men. The total change in basal insulin dose over six weeks was 
10.6±10.2 U [range: -31-40 U]. The selected features were FBG at 
baseline, total change in basal insulin dose over six weeks, trial site, 
haemoglobin level in blood at baseline, and alkaline phosphatase level 
in serum at baseline. During validation, the model obtained a mean 
RAE=0.64 [95% CI: 0.62-0.66] and R=0.75 (p<0.001) [95% CI: 

0.73-0.77] and a mean RAE= 0.67 and R=0.73 (p<0.001) during test. 
Figure 1 shows the observed vs predicted change in FBG.
Conclusion: It is possible to predict the change in FBG due to a 
change in basal insulin dose with respect to individual characteristics 
in people with T2D using machine learning. However, a better model 
fit is expected if insulin doses collected by digital insulin pens are 
used instead of self-reported doses due to the known issue of non-
adherence. Implementation of a similar model in clinical practice may 
reduce clinical inertia since glycaemic targets may be reached timelier.

Clinical Trial Registration Number: NCT01819129
Supported by: This work is supported by Steno Diabetes Center North 
Denmark, which is founded by the Novo Nordisk Foundation.
Disclosure: C.H.N. Thomsen: None.
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Improvement in time in range after smart pen initiation in rou-
tine clinical practice
P. Adolfsson1, N.V.  Hartvig2, A.  Kaas2, N.N.  Knudsen2, J.K.  Mader3;
1Department of Pediatrics, Institute of Clinical Sciences, Sahlgren-
ska Academy, University of Gothenburg, Gothenburg, Sweden, 2Novo 
Nordisk A/S, Bagsværd, Denmark, 3Division of Endocrinology and 
Diabetology, Department of Internal Medicine, Medical University of 
Graz, Graz, Austria.

Background and aims: In 2020, a pilot study conducted in Sweden 
reported improved glycaemic control following the introduction of a 
smart insulin pen. The aim of the current multi-country study was to 
investigate whether people living with type 1 diabetes or type 2 diabe-
tes (PLWD) on a multiple daily insulin regimen and using a continu-
ous glucose monitoring (CGM) device had an improvement in their 
glycaemic control after initiating a smart insulin pen for injecting their 
bolus insulin in routine clinical practice.
Materials and methods: Data were collected from adults (≥18 years) 
with insulin-treated diabetes who were already using a CGM and 
started administering bolus insulin using a smart insulin pen (NovoPen 
6) together with a CGM app to upload their injection data. PLWD were 
enrolled from 18 countries. To evaluate only time where the connectiv-
ity function of the pen was in active use, days with CGM data were 
included in the analysis, only if an individual had at least two injection 
data uploads to an app within the last 14 days. Key glycaemic outcomes 
included time in range (TIR; 3.9-10.0 mmol/L) and time below range 
(TBR; <3.9 mmol/L) in the overall dataset and for subgroups by level 
of baseline TIR for those who had 3 months of baseline CGM data.
Results: Data from 8931 adults were used for the analyses, compris-
ing 580,101 days with CGM data and 221,596 days with recorded 
injections. The mean age (SD) was 42.2 (15.5). Mean TIR increased 
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1% from baseline to month 3 (95% CI 0.5, 1.4; p < 0.001) and 0.9% 
at month 6 (95% CI -0.0, 1.7; p = 0.054). Mean TBR decreased -0.3% 
from baseline to month 3 (95% CI -0.4, -0.1; p < 0.001) and -0.1% at 
month 6 (95% CI -0.3, 0.1; p = 0.352). When evaluating outcomes 
in subgroups based on level of TIR in the 3-month baseline period 
(N=3720), PLWD with TIR of <40% in this baseline period (N=703) 
had a significant increase in TIR of 5.1% after 3 months (p < 0.001; 
Figure). The observed changes in TBR were not significant for any of 
the subgroups.
Conclusion: Among PLWD initiating a smart insulin pen for their 
bolus insulin, there was a significant increase in TIR after 3 months, 
with the greatest improvements seen in those who had the lowest TIR in 
the baseline period. In addition, there was a significant decrease in TBR 
after 3 months. Similar changes in TIR and TBR were seen at 6 months 
but were not statistically significant owing to fewer PLWD having data 
at this timepoint. Further analysis will be conducted to investigate out-
comes over a longer observation period. These real-world data showed 
that glycaemic outcomes improved after smart insulin pen initiation, 
especially in those with the highest unmet need. Combining a smart 
insulin pen with additional support such as app-based training or with 
education may further improve glycaemic control.

Supported by: This study was funded by Novo Nordisk A/S
Disclosure: P. Adolfsson: None.
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Effect of smartphone app-based intervention on physical activ-
ity and glycemic control in patients with type 2 diabetes: a ran-
domised controlled trial
R. Oh1, S.  Kim2, S.  Cho1, Y.-B.  Lee1, S.-M.  Jin1, G.  Kim1, J.  Kim1;
1Division of Endocrinology and Metabolism, Department of Medi-
cine, Samsung Medical Center, Sungkyunkwan University School 
of Medicine, Seoul, Republic of Korea, 2Department of Clinical 
Research Design and Evaluation, Samsung Advanced Institute for 
Health Sciences and Technology, Sungkyunkwan University, Seoul, 
Republic of Korea.

Background and aims: We investigated the effects of a physi-
cal activity encouragement intervention based on a smartphone 
personal health record (PHR) application on step count increase, 
glycemic control and body weight in patients with type 2 diabetes.
Materials and methods: In this 12-week, single center, rand-
omized controlled, and 12-week extension study, patients with 
type 2 diabetes who were overweight or obese were randomized to 
1:2 to group using smartphone personal health record app (control 
group) or group using the app and received individualized moti-
vational text messages (intervention group) for 12 weeks. Text 
message intervention were not applied to either group in the exten-
sion study conducted during the following 12 weeks. The primary 
outcome was change in daily step count after 12 weeks. Secondary 
outcomes included HbA1c, fasting glucose, and body weight.
Results: Of 200 participants, 62 (93.9%) in the control group and 
118 (88.1%) in the intervention group completed the 12-week main 
study. Change in daily step count at week 12 was -766 ± 3570 for 
the control and -200 ± 4160 for the intervention group, showing 
no significance between two groups (P = 0.365). Among subjects 
with baseline step counts less than 7500 steps per a day, the change 
in mean daily step count at week 12 in intervention group (1319 ± 
3020) was significantly larger than that in control group (-139 ± 
2309) (P=0.009). At week 12, HbA1c in intervention group (6.7 
± 0.5%) was significantly lower than that in control group (6.9 ± 
0.6%, P=0.041) and at week 24, changes in HbA1c from baseline 
were significant in both groups but, comparable between groups. 
Decrease in HbA1c from baseline to week 12 of intervention 
group was greater in subjects with baseline HbA1c ≥7.5% (-0.81 
± 0.84% to week 12) compared with those with baseline HbA1c 
<7.5% (-0.22 ± 0.39% to week 12) (P for interaction = 0.014). 
Significant body weight reduction from baseline to week 24 was 
seen in both groups without significant between-group differences.
Conclusion: App-based individualized motivational intervention on 
physical activity showed the improvement in step count increment 
and glycemic control in individuals who were physically inactive or 
who had baseline HbA1c>7.5% in patients with T2DM.

Disclosure: R. Oh: None.
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Effectiveness of a mobile platform on pregnancy outcomes in 
women with gestational diabetes
J. Wang1, Y.  Liu2, Y.  Gong3, T.  Wei4, X.  Li1, Q.  Wang1, S.  Luo1, X. 
 Zheng1, J.  Weng1;
1Department of Endocrinology and Metabolism, Division of Life 
Sciences and Medicine, The First Affiliated Hospital of USTC, Uni-
versity of Science and Technology of China, Hefei, China, 2Depart-
ment of Obstetrics and Gynecology, The First Affiliated Hospital 
of USTC, University of Science and Technology of China, Hefei, 
China, 3Department of Endocrinology and Metabolism, The First 
Affiliated Hospital of USTC, Hefei, China, 4Southeast University, 
Nanjing, China.

Background and aims: Mobile health (mHealth) has increasingly 
shown promise for the management of gestational diabetes mellitus 
(GDM). TangMama is an mHealth platform designed for GDM women. 
The aim of the study was to evaluate the impact of mHealth inter-
vention with TangMama platform on glycemic control and pregnancy 
outcomes in women with GDM.
Materials and methods: This is a retrospective, single-center, case-
control study. A total of 420 patients who were diagnosed with GDM 
during 24-28 weeks of gestation were recruited, with 206 women in 
the mHealth group and 214 in the control group. The two groups were 
matched on age, parity, pre-pregnancy body mass index, 75-g oral glu-
cose tolerance test values, and fasting blood glucose level in the first 
trimester. The mHealth group received multidiscipline management 
with TangMama application including glucose monitoring, education, 
dietary counseling, weight management, and medical counseling. The 
control group received standard care. Our outcomes included the rate 
of large-for-gestational-age (LGA) newborns, glycosylated hemoglobin 
 (HbA1c) level in the third trimester, gestational weight gain (GWG), 
cesarean delivery, and suboptimal pregnancy outcomes.
Results: Compared with the control group, the mHealth group demon-
strated lower  HbA1c level in the third trimester (5.3±0.2% vs 5.5±0.5%, 
p=0.020), lower GWG (10.4±5.5 kg vs 12.1±8.0 kg, p=0.017), and 
lower rate of cesarean delivery (45.1% vs 55.1%, p=0.041). The rates 
of LGA (11.2% vs 19.2%, p=0.023), 1 min Apgar score <7 (0 vs 4.2%, 
p=0.003) were lower in the mHealth group. The length of maternal 
hospital stay was shorter (4.2±2.2 days vs 4.7±3.0 days, p=0.037) in 
the mHealth group. The rates of preterm birth, 5 min Apgar score <7, 
neonatal hypoglycemia, neonatal hyperbilirubinemia, neonatal respira-
tory distress, macrosomia, shoulder dystocia showed no significant dif-
ference between the groups.
Conclusion: The application of an mHealth platform improved mater-
nal glycemic control, lowered the rate of LGA newborns, improved 
maternal and infant health in women with GDM.
Clinical Trial Registration Number: ChiCTR2200055766
Supported by: Program for Innovative Research Team of The First 
Affiliated Hospital of USTC, CXGG02
Disclosure: J. Wang: None.
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Efficacy of a digital diabetes logbook: findings from a randomised 
controlled trial
B. Kulzer1, D.  Ehrmann1, S.  Silbermann2, J.  Kober3, K. Finke-
Groene1, T.  Roos1, V. Schäfer4, I.  Vesper2, N.  Hermanns1;
1FIDAM - Research Institute Diabetes Academy Mergentheim, Bad 
Mergentheim, Germany, 2Roche Diabetes Care GmbH, Mannheim, 
Germany, 3mySugr GmbH, Vienna, Austria, 4Roche Diabetes Care 
Deutschland GmbH, Mannheim, Germany.
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Background and aims: The mySugr PRO app is a digital diabetes 
diary designed to help people with diabetes manage their glucose 
management and to reduce complexity and burden of diabetes man-
agement. The efficacy of the app was tested in a randomised con-
trolled trial (RCT).
Materials and methods: An open-label, parallel group, RCT 
with a 3-month follow-up was conducted in 41 study sites across 
Germany. Eligible participants had to have type 1, type 2 or ges-
tational diabetes and regularly perform self-monitoring of blood 
glucose. Randomisation was done in a 2:1 ratio, either to the inter-
vention group, using the digital diabetes logbook (mySugr PRO) 
for 3 months, or to the treatment-as-usual control group without 
using an app. Primary outcome was reduction in diabetes distress 
at the 3-month follow-up as assessed with the Problem Areas in 
Diabetes (PAID) scale. Based on the power analysis, 396 evaluable 
participants were needed. Analysis with robust regression analysis 
was based on the intention-to-treat population.
Results: A total of 424 people with diabetes were randomized, 
282 to the intervention and 142 to the control group (12.5% type 
1 diabetes, 68.2% type 2 diabetes, 18.9% gestational diabetes, 
age: 51.7 ± 15.2 years, 50% female, diabetes duration: 9.5 ± 
10.8 years, HbA1c: 7.1 ± 1.5%, PAID: 21.6±17.4). The drop-out 
rate was very low with 6.4% and 397 participants completed the 
3-month follow-up. Intention-to-treat analysis showed that diabe-
tes distress improved from a median score of 18·59 to 15·00 in the 
intervention group and slightly increased from 16·25 to 16·56 in 
the control group. Baseline-adjusted diabetes distress at follow-
up was significantly lower in the intervention group compared to 
the control group (model-based treatment effect: -2·20, 95% CI 
-4·02 to -0·38, p = 0·0182) indicating that the intervention app 
significantly reduced diabetes distress (figure).
Conclusion: The popularity of diabetes apps seems to be inversely 
related to their evidence base of methodologically sound studies. 
This multi-centre RCT showed a significant reduction of ca. 10% 
in diabetes distress in users of the mySugr PRO app; this reduc-
tion was more pronounced in people with initially elevated diabe-
tes distress. Thus, efficacy of the digital health intervention was 
demonstrated regarding improvement in psychosocial well-being.

Clinical Trial Registration Number: DRKS00022923
Supported by: The study was funded by Roche Diabetes Care
Disclosure: B. Kulzer: Employment/Consultancy; Beckton Dick-
inson, Novo Nordisk, Sanofi, Roche Diabetes Care, Dexcom, Ber-
lin-Chemie. Lecture/other fees; Beckton Dickinson, Novo Nordisk, 
Sanofi, Roche Diabetes Care, Dexcom, Berlin-Chemie.
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Metabolic crosstalk between beta cells and adipocytes in obese 
youths with primary insulin hypersecretion
D. Trico1, M.  Chiriaco1, J.  Nouws2, A. Vash-Margita2, R.  Kursawe3, 
E.  Tarabra2, A.  Galderisi2, A.  Natali1, C.  Giannini4, M.  Hellerstein5, 
E.  Ferrannini6, S.  Caprio2;
1University of Pisa, Pisa, Italy, 2Yale University, New Haven, CT, 
USA, 3The Jackson Laboratory, Farmington, CT, USA, 4University 
of Chieti, Chieti, Italy, 5University of California, Berkeley, Berkeley, 
CA, USA, 6National Council of Research, Pisa, Italy.

Background and aims: Excess insulin secretion more than com-
pensating for the degree of insulin resistance, defined as "primary" 
hypersecretion, is associated with obesity and an unfavorable metabolic 
phenotype. To unravel the complex metabolic crosstalk between β-cells 
and adipocytes, we examined the mutual influence and longitudinal 
trajectories of model-derived β-cell function and adipose tissue distri-
bution, cell morphology, and endocrine function in youths with obesity.
Materials and methods: In a multiethnic cohort of 100 non-diabetic 
adolescents with overweight/obesity (age 15.8 ± 2.7 years, 39% 
females, BMI z-score 2.1 ± 0.7), primary insulin hypersecretion was 
defined as the upper tertile of the residuals’ distribution of the OGTT-
derived insulin secretion rate (ISR) by insulin sensitivity (WBISI) 
best-fit curve. Hepatic fat fraction (HFF) and visceral (VAT) and 
subcutaneous adipose tissues (SAT) were measured by abdominal 
MRI. Adipocyte size distribution was assessed in periumbilical SAT 
biopsies. Triglyceride turnover and de novo lipogenesis (DNL) were 
measured in vivo by a long-term 2H2O labeling method. Metabolic 
assessments were repeated after a 2-year follow-up in 68 subjects.
Results: Compared with normosecretors, hypersecretors had increased 
ISR (fasting +36 ± 11 pmol ·  m-2 ·  min-1, p = 0.002; OGTT +47 ± 6 
nmol/m2, p < 0.0001) and β-cell function (glucose sensitivity +43 ± 17 
pmol ·  min-1 ·  m-2 · mmol/L-1, p = 0.004; rate sensitivity +1085 ± 291 
pmol ·  m-2 · mmol/L-1, p = 0.0003), but worse glucose tolerance (2-h 
glucose +0.6 ± 0.3 mmol/L, p = 0.006), despite similar demographics, 
BMI, fat mass, and WBISI. Hypersecretors had also higher HFF (+5.3 ± 
1.8%, p = 0.024) and relative VAT proportion (+2.0 ± 1.0%, p = 0.048), 
enlarged adipocytes (peak diameter +7.3 ± 4.2 μm, p = 0.036; nadir 
diameter +6.4 ± 3.3 μm, p = 0.025), increased lipid turnover (+5.3 ± 
2.5 %, p = 0.047) with similar DNL, and higher fat mass-adjusted FFA 
(+4.3 ± 2.2 μm/kgFM, p = 0.049) and leptin levels (0.3 ± 0.1 ng ·  mL-1 
·  kgFM

-1, p = 0.002). At follow up, hypersecretors had increased fat mass 
and a 3-fold higher risk for altered glucose tolerance (OR 2.92, 95%CI 
1.04 - 8.24; p = 0.047), while individuals with larger adipocytes or 
higher leptin levels showed increased β-cell glucose sensitivity.
Conclusion: In youths with obesity, primary insulin hypersecretion 
is associated with ectopic fat accumulation, hypertrophic adipocytes, 
higher leptin and FFA levels per fat mass, and greater lipid turnover, 
independent of whole-body adiposity and insulin resistance. The 
adipo-insular axis may influence the trajectories of glucose toler-
ance, adiposity, and β-cell function over time.
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Clinical Trial Registration Number: NCT03195400
Supported by: NIH/NIDDK, EFSD Rising Star Fellowship/EFSD 
Mentorship Programme
Disclosure: D. Trico: None.
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IGF2 promotes healthy white adipose tissue expansion by increas-
ing preadipocyte proliferation early in life
I. Altun1, X.  Yan1, V.  Miok1, R.  Karlina1, S.  Ussar1,2;
1Helmholtz Zentrum Muenchen, Neuherberg, Germany, 2German 
Center for Diabetes Research (DZD), Neuherberg, Germany.

Background and aims: The development of obesity is closely linked 
to an imbalance between energy intake and expenditure. White adipose 
tissue (WAT) plays a crucial role in the onset of metabolic syndrome asso-
ciated with obesity. When the lipid storage capacity of WAT is impaired, 
lipids accumulate in skeletal muscle and liver, leading to insulin resistance 
and lipotoxicity. To improve the metabolic health of obese individuals, 
researchers have traditionally studied transgenic mouse models, compar-
ing diseased mice (fed with high fat diet) to predisposed control mice fed 
with chow diet. Conversely, our approach is to investigate the different 
mechanisms underlying the apparently healthy expansion of WAT in early 
life compared to adult tissue expansion. The underlying hypothesis being 
that rapid expansion of adipose tissue is crucial for healthy infant develop-
ment, whereas sustained growth in adulthood leads to impaired systemic 
metabolism, including insulin resistance and metabolic syndrome.
Materials and methods: We conducted single-cell RNA sequencing 
(scRNAseq) analysis of the stromal vascular fraction from subcutane-
ous, perigonadal, and brown adipose tissues in pre-weaned and adult 
wild type C57Bl6/j mice. Our goal was to understand the composi-
tional differences between adipose tissue depots and age groups. Cell 
biological studies were conducted using primary in vitro differentiated 
adipocytes supplemented with IGF2 or IGF2 neutralizing antibodies. 
We established a novel IGF2-EGFP knock-in mouse model for our 
in vivo studies and combined this with various immunofluorescence 
antibody and in situ hybridizations.
Results: Our scRNAseq analysis showed that insulin-like growth fac-
tor 2 (Igf2) was the most differentially expressed gene in subcutaneous 
preadipocytes of pre-weaned mice, which we confirmed by qPCRs. 
A variety of gain or loss of function experiments using primary cell 
cultures of adult and pre-weaned subcutaneous preadipocytes in vitro 
showed that unlike insulin and IGF1, IGF2 had very little effects on 
adipogenesis per se. Conversely, we show that IGF2 enhances prolifera-
tion of adult preadipocytes. This suggests a potential role of IGF2 in 
regulating the preadipocyte pool size rather adipocyte differentiation. 
A more detailed analysis in vivo revealed that IGF2 expressing stromal 
cells are located in the connective tissue surrounding subcutaneous 
adipose tissue, an area that has previously been reported to be rich in 
stem-like  DPP4+ adipocyte progenitor cells.

Conclusion: Our data support a model where IGF2 in pre-weaning 
preadipcoytes regulates the expansion of the adipose precursor pool. 
An increased preadipocyte pool during development could promote 
“healthy” adipose tissue expansion later in life by promoting hyper-
plastic versus hypertrophic adipose tissue growth.
Disclosure: I. Altun: None.
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Loss of glucose control is precipitated in formerly obese mice re-
exposed to obesogenic diet
C. Rebière, C. Rouault, F. Merabtene, K. Clément, G. Marcelin;
INSERM, Sorbonne University, Nutriomics, UMR_1269, Paris, France.

Background and aims: Obesity is a disease known to be the main 
risk factor for a number of comorbidities, particularly type 2 diabetes 
(T2D). It is defined as excessive fat accumulation and is accompanied 
by histopathological remodeling, including inflammation and fibrosis. 
White adipose tissue (WAT) plays a major role in regulating the systemic 
metabolism. However, obesity leads to the loss of its integrity and func-
tions, favoring insulin resistance and the onset of T2D. Consequently, the 
management of patients with obesity and T2D relies on glucose-lowering 
therapy but also on weight intervention. Due to the critical role of WAT 
in metabolic health, we first aimed to characterize WAT remodeling after 
weight loss and assess whether weight loss improves adipocyte functions. 
Then, we investigated glucose handling and adipose tissue phenotype in 
formerly obese mice re-exposed to a new obesogenic episode.
Materials and methods: We set up a mouse model of weight loss in which 
high-fat diet (HFD) fed obese mice lost weight by changing to a low-caloric 
diet (chow). Thus, we compared the features of WAT (inguinal and visceral 
perigonadal) among three groups of mice: lean mice (only chow diet), obese 
mice (only HFD) and formerly obese (Fob) mice. Then, Fob mice were 
re-exposed to HFD to examine the consequences of obesity recurrence.
Results: In Fob animals, with body composition normalized to the 
level of lean mice, only the visceral perigonadal WAT exhibited 
higher fibrosis deposition on histological sections, a loss of perilipin-1 
expression and a decrease in adiponectin mRNA levels in obese and 
Fob mice compared to lean mice. We also investigated lipolysis and 
found an increase in basal lipolysis and a loss of sensitivity to the 
β3-receptors agonist CL316-243 in obese and Fob mice compared to 
lean mice. We then examined the mechanisms underlying the increase 
in fibrosis deposition and analyzed the mRNA expression of different 
fibrosis markers. Surprisingly, while fibrosis increased in Fob WAT 
sections, the expression of mRNA encoding for fibrosis markers 
decreased to the level measured in lean mice, indicating an uncoupling 
between fibrosis production and deposition. We then re-exposed Fob 
mice to HFD for 4 weeks and observed that, despite similar fat mass 
regain, glucose handling was more severely impaired in Fob mice re-
exposed to HFD compared to age-matched controls exposed to HFD 
for the first time. We believe that the unresolved WAT dysfunctions 
may be important in this process as insulin sensitivity was markedly 
lowered in the visceral WAT in Fob mice re-exposed to HFD.
Conclusion: In summary, although weight loss is metabolically favora-
ble, functional and histological alterations established during obesity 
persist in the visceral WAT. Because the defects are not resolved by 
weight loss, they may limit the metabolic improvement triggered by 
weight loss and accelerate the reappearance and the severity of insu-
lin resistance upon weight regain. We believe that unresolved fibrosis 
could be instrumental in the maintenance of adipocyte dysfunction 
following weight loss. The uncoupling between fibrosis marker mRNA 
expression and fibrosis deposition remains to be elucidated, but our 
first results suggest an alteration in collagen degradation processes 
that involve the macrophages and the progenitors in the visceral WAT.
Supported by: AFERO, FRM, ESFD, SFN, ANR, CAPES COFECUB
Disclosure: C. Rebière: None.
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Relatively low plasma leptin concentrations are associated with 
a more favourable metabolic phenotype
M. Chiriacò1, L.  Nesti1, A.  Flyvbjerg2, A.  Golay3, J.A.  Nazare4, 
C.H.  Anderwald5, A.  Mitrakou6, R.  Bizzotto7, A.  Mari7, D. Tricò1, 
A.  Natali1, EGIR-RISC Study Group;
1University of Pisa, Pisa, Italy, 2Steno Diabetes Center, Copenhagen, 
Denmark, 3University Hospitals of Geneva, Geneva, Switzerland, 4Uni-
versité Claude Bernard Lyon 1, Lyon, France, 5Medical University 
of Vienna, Vienna, Austria, 6National and Kapodistrian University of 
Athens, Athens, Greece, 7National Research Council, Padova, Italy.

Background and aims: Leptin is an adipokine that regulates energy 
balance and metabolism. Its plasma levels are proportional to fat mass 
but with a wide inter-individual variability. We tested whether indi-
viduals with different leptin levels, independently of adiposity, have 
different metabolic characteristics.
Materials and methods: We analyzed 1372 healthy adults from the 
RISC study cohort (30-60 years, M/F 595/777, BMI 26±4 kg/m2), 
followed-up after 3.5-years and characterized for body composition, 
metabolic variables with a 75-g OGTT, euglycemic-hyperinsulinemic 
clamp, intravenous glucose bolus, β-cell function, insulin clearance, 
hepatic and adipose insulin sensitivity and lipidome composition by 
quantification of non-esterified fatty acids (NEFA).
Results: Individuals were divided into Hypoleptinemic (HypoL), 
Normoleptinemic (NormoL) and Hyperleptinemic (HyperL), based 
on the residuals’ distribution of the sex-specific leptin-fat mass corre-
lation, thus identifying individuals with comparable fat mass but with 
different plasma leptin concentrations. Compared to HyperL, HypoL 
had markedly lower leptin levels (6.5 vs 21.9 ng/ml, p<0.001) and, 
despite similar glucose tolerance, showed substantially lower fasting 
and OGTT insulin levels (-36% and -40% respectively, p<0.0001), 
along with higher insulin sensitivity (+34%, p<0.001). Both fast-
ing and OGTT insulin clearance were higher in HypoL compared to 
HyperL (+14% and +27% respectively, p<0.0001), independently of 
insulin secretion and insulin sensitivity. Compared to HyperL, HypoL 
also showed lower β-cell function (glucose sensitivity: -11%; acute 
insulin response to iv glucose: -24%, p<0.05) and higher hepatic 
insulin sensitivity both in the fasting state (+41%, p<0.001) and 
during the hyperinsulinemic clamp (+24%, p<0.05). Also, HypoL 
showed lower NEFA levels during the clamp steady state compared 
to HyperL (0.03 vs 0.08 μmol/l, p<0.0001), indicating an increased 
adipose insulin sensitivity. There was no significant difference in 
lipidome composition except for a higher palmitoleate proportion 
(2.46 vs 2.21 %, p<0.0001) in HypoL vs HyperL. Overall, NormoL 
and HyperL showed similar characteristics and the observed differ-
ences were stronger in men and in lean individuals. After 3.5 years, 
changes in weight and metabolic characteristics were similar across 
the 3 groups.
Conclusion: For a given degree of adiposity, individuals with lower 
plasma leptin concentrations, show a more favorable metabolic phe-
notype characterized by increased insulin sensitivity and insulin 
clearance, along with reduced plasma insulin concentrations.

Supported by: The EGIR-RISC study was supported by EU grant 
(QLG1-CT-2001-01252)
Disclosure: M. Chiriacò: None.
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Homozygous nonsense mutation in LAMA4 in two siblings with 
partial lipodystrophy and severe metabolic syndrome
Y. Karusheva1,2, M.  Muso1,2, J.  Tadross1,2, B.  Lam1,2, S.  Lockhart1,3, 
S.  Gancheva4,5, M.  Bombrich4,5, D.  Savage1,2, M.  Roden4,5, S. 
O’Rahilly1,2;
1MRC Metabolic Diseases Unit, Wellcome-MRC Institute of Metabolic 
Science, University of Cambridge, Cambridge, UK, 2NIHR Cambridge 
Biomedical Research Centre, Cambridge, UK, 3NIHR Cambridge Bio-
medical Research Centre, Cambridge, Germany, 4Institute for Clinical 
Diabetology, German Diabetes Center, Leibniz Center for Diabetes 
Research at Heinrich Heine University, Duesseldorf, Germany, 5German 
Center for Diabetes Research (DZD), München-Neuherberg, Germany.

Background and aims: Mutations in over 15 genes have been reported 
to cause recessive or dominant forms of human lipodystrophy. Whether 
there are further monogenic undetected forms of lipodystrophy is 
unclear.
Materials and methods: Two female siblings from a consanguineous 
family of Turkish origin were diagnosed in their teenage years with 
partial lipodystrophy characterized by loss of adipose tissue on arms, 
legs and hips, and excessive adipose tissue on the neck and trunk. 
The siblings, now aged 33, BMI 21.3 kg/m2 and 26, BMI 25.3 kg/m2 
both have insulin resistant Type 2 diabetes, hepatic steatosis, hyper-
triglyceridemia and (in one sibling) recurrent acute pancreatitis. The 
siblings underwent whole exome sequencing to look for mutations 
potentially causative of partial lipodystrophy.
Results: No pathogenic or possibly pathogenic variants could be 
detected among the known lipodystrophy genes AGPAT2, AKT2, 
BANF1, BSCL2, CAV1, CAVIN1, CIDEC, LIPE, LMNA, LMNB2, 
PIK3R1, PLIN1, POLD1, PPARG, PSMB8, SPRTN, ZMPTSE24. 
Whole exome sequencing data from both siblings was interrogated 
for the presence of rare (gnomAD minor allele frequency < 0.1%) 
homozygous or compound heterozygous mutations. The siblings were 
both homozygous for an early nonsense mutation (Q45*) in the coding 
sequence of LAMA4, a gene encoding one of the components of the tri-
meric structural basement membrane protein Laminin. Laminin alpha-4 
is highly expressed in adipose tissue, is involved in the attachment, 
migration and organization of cells and interacts with components 
of the extra cellular matrix. Two independent strains of mice lacking 
LAMA4 have been reported and both have an adipose tissue phenotype 
comparable to when other human lipodystrophy genes are deleted.
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Conclusion: LAMA4 is a reasonable candidate to be the causative 
genetic defect in these siblings and mutations in this gene should be 
sought in cases with no molecular diagnosis. The findings highlight 
the potential importance of the adipose tissue extra cellular matrix 
to its healthy development and function.
Disclosure: Y. Karusheva: None.

162
Metabolic effects of sodium-glucose-co-transporter-4 (SGLT4) 
inhibition: from mouse studies to clinical translation
M. Moreno-López, C. Saponaro, A. Acosta-Montalvo, I. Louvet, 
G. Pasquetti, J. Thevenet, V. Gmyr, V. Raverdy, J. Kerr-Conte, F. 
Pattou, C. Bonner;
INSERM U1190 Translational Research for Diabetes, Lille, France.

Background and aims: Would inhibiting sodium-glucose-co-transporter 
4 (SGLT4) reverse obesity and prevent the progression to type 2 diabetes 
(T2D)? Unlike some of its better-known SGLT family members, SGLT4 
also exhibits a  Na+-dependent alpha-methyl-D- glucopyranoside transport 
system with a Km of 2.6 mM, suggesting that it is a low affinity- type 
transporter, similar to that of SGLT2. Studies using radiolabeled mannose 
suggested that an ’SGLT4-like transport system’ might be physiologically 
relevant for intestinal absorption. But unlike SGLT1 and SGLT2, which 
transport only glucose, SGLT4 transports naturally occurring sugars with 
a rank order of mannose, glucose, fructose, 1.5AG (artificial sweeten-
ers), and galactose, all enriched in the Western diet (WD), and danger-
ously elevated in the blood of obese individuals with and without T2D. 
Therefore, we hypothesized that SGLT4 inhibition would lower the serum 
concentrations of these sugars, which would be a "game-changer" for the 
treatment of such pathological conditions.
Materials and methods: SLC5A9 gene (encoding SGLT4 protein) 
regulation was analyzed in the intestine of patients before and after 
weight-loss surgery. RNAscope analysis was used to determine the 
precise location of SLC5A9 in the human intestine and pancreas. Sglt4 
knock-out (KO) mice were created using CRISPR/Cas techniques, 
allowing us to study changes in their metabolic phenotype for months 
while they were fed the WD. Sibling wild-type mice served as controls. 
Islets were isolated from both groups of mice, and a glucose-stimulated 
insulin secretion (GSIS) assay was performed by perifusion techniques.
Results: From obese patients with and without T2D (n =50), we 
observed a significant reduction in BMI (p<0.0001) post-surgery. This 
was accompanied by a marked reduction in glycemia after a glucose 
challenge (OGTT). We also found that SLC5A1 (SGLT1) mRNA was 
significantly reduced in both cohorts. However, we found a more pro-
found decrease of SLC5A9 (SGLT4) mRNA expression (70%) levels 
post-surgery, compared to SLC5A1 (40%), while SLC5A2 (SGLT2), 
SLC2A2 (GLUT2), and SLC2A5 (GLUT5) mRNA expression levels 
remained unchanged. Intriguingly, we also discovered that Sglt4 KO 
mice were protected against obesity and T2D after only three months of 
feeding the WD when compared to WT mice fed the same diet. Using 
RNAScope, we revealed that both SLC5A1 and SLC5A9 mRNA levels 
were highly expressed in the apical membrane of the intestine of a per-
son with obesity. Moreover, we also observed that SLC5A9 is mainly 
expressed in the exocrine pancreas and induced by obesity and T2D. 
We observed that islets isolated from WT mice fed the WD showed 
impaired GSIS, compared to those of Sglt4 KO mice.
Conclusion: Collectively, these data demonstrate that SLC5A9 
mRNA levels are induced in the apical membrane of the intestine 
and exocrine pancreas in persons with obesity and T2D. Furthermore, 
Sglt4 deficiency slows the onset of obesity and hyperglycemia in mice 
fed the WD, improving insulin sensitivity, lending credence to the 
idea that SGLT4 inhibition improves beta cell function.
Supported by: PreciDIAB
Disclosure: M. Moreno-López: None.

OP 28 Novel signalling pathways regulating 
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Driving the pancreatic beta cell function through nanoscale fea-
tures: the influence of nuclear mechanotransduction
A. Galli1, N.  Dule1, P.  Marciani1, M.  Castagna1, P.  Milani2, C. 
 Lenardi3, G.  Tedeschi4, C.  Perego1;
1Department of Excellence of Pharmacological and Biomolecular Sci-
ences, University of Milan, Milan, Italy, 2Department of Physics, Univer-
sity of Milan, Milan, Italy, 3Cimaina, University of Milan, Milan, Italy, 
4Department of Veterinary Medicine, University of Milan, Milan, Italy.

Background and aims: Nowadays, to accelerate the development 
of cell-replacement strategies in diabetes, there is a desperate need 
to understand mechanisms and stimuli regulating the β-cell develop-
ment and function. We have recently demonstrated that the extracel-
lular nanotopography promotes β-cell survival, differentiation, and 
function through the activation of a mechanotransductive pathway, 
however, the underlying molecular mechanisms need to be further 
investigated. In the last years, we focused on how mechanical forces 
might impact the nuclear organization, and thus the transcriptional 
and translational activities in pancreatic β-cells.
Materials and methods: Human isolated islets were cultured for 20 
days on nanostructured zirconia substrates with a controllable ECM-
like roughness (ns-ZrOx), while flat zirconia substrates were used as 
controls (flat-ZrO2). The activation of nuclear mechanotransduction 
was assessed by super-resolution fluorescence microscopy, western 
blot technique and confirmed by shot-gun proteomic.
Results: We found that the nanotopography, by reducing the cytoskel-
etal tension, modulates the nuclear shape and architecture (nuclear 
area and circularity; p<0.001 ns-ZrOx vs flat-ZrO2). These modifica-
tions are paralleled by the spatial reorganization of the nuclear lamina, 
and a shift of lamin isoforms in the islets grown on the nanosubstrates 
(p<0.05 ns-ZrOx vs flat-ZrO2). Changes in nuclear lamina might affect 
the access of transcription factors to the nucleus leading to changes 
in the transcriptional and translational activities. In accordance, the 
proteomic analysis revealed the upregulation of chromatin-associated 
proteins (GO:0031497), RNA binding proteins (GO:0003723), spli-
ceosome (GO:0005681) and heterogeneous nuclear ribonucleoprotein 
(GO:0030529) complexes in the islets grown on the nanostructure 
(p<0.05 ns-ZrOx vs flat-ZrO2). Furthermore, we observed that the nano-
structure modulates the expression of YAP/TAZ, a soluble transcription 
factor strictly controlled by mechanical forces and critically involved in 
the regulation of the β-cell fate (p<0.05 ns-ZrOx vs flat-ZrO2).
Conclusion: Our data indicate for the first time that the extracel-
lular nanotopography controls the transcriptional and translational 
activities of pancreatic β-cells, further supporting the hypothesis of 
a mechanical-induced β-cell reprogramming. These findings pro-
vide a better understanding of the mechanotransductive-regulatory 
mechanisms in β-cells, revealing novel pathways and molecular 
effectors that may be helpful for designing engineered substrates 
that can improve the efficacy of replacing therapies in diabetes.
Disclosure: A. Galli: None.
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Leader beta cells within the pancreatic islets are a functionally 
stable subpopulation in vitro and in vivo
L. Delgadillo Silva1, P.  Chabosseau1, F.  Yong2,3, L. Lopez-Noriega1, 
S.  Larouche1, A. Provencher-Girard1, A.  Prat1, G.  Rutter1,4;
1CR-CHUM, Montreal, QC, Canada, 2Nanyang Technological Col-
lege, Singapore, Singapore, 3Imperial College London, London, 
UK, 4Faculty of Medicine, Imperial College London, London, UK.



S88 Diabetologia (2023) 66 (Suppl 1):S1–S536

1 3

Background and aims: β-cell coordination within the islet is critical 
for normal glucose-stimulated insulin secretion. Recently, we and oth-
ers have identified subpopulations of β-cells termed “leaders”, as well 
as highly-connected “hubs”. Whereas the former are the first cells to 
show an increase in intracellular  Ca2+ during glucose-induced  Ca2+ 
waves, the latter are essential for the coordination of  Ca2+ oscillations. 
Dysfunction of either population may thus contribute to defective insu-
lin secretion in some forms of diabetes. Whether these groups simply 
reflect transient functional states or are stable subpopulations with a 
defined lifetime, has been unclear up to now.
Materials and methods: To address these questions, we used islets 
from 10-15-week old C57BL6 Ins1Cre.GCaMP6fLoxP mice which 
express the  Ca2+ sensor GCaMP6f selectively in β-cells. Fast (3-6 
Hz) confocal imaging and cell-tracking were used to record calcium 
dynamics with during stimulation in vitro at 11 mM glucose on a 
Zeiss LSM900 Airyscan microscope. Adenoviral delivery of the 
cryptic PA-mCherry allowed the specific labelling of leader cells 
using targeted UV irradiation (“photopainting”).
Engraftment of islets into the anterior chamber of the mouse eye 
(ACE) was used to assess stability by longitudinal imaging in vivo. 
During the three-week engraftment period, allowing islet revascu-
larization and innervation, spontaneous photoactivation of pA-
mCherry led to the labelling of a small number of cells which pro-
vided “way points” to orient islets during  Ca2+ imaging sessions. 
Image acquisition was performed in anaesthetized mice (glycemia 
12-17 mM) using a Zeiss LMS780. Leader cells were identified by 
inspection of movies and hub cells after data binarization and co-
activity assessment running scripts under MATLAB.
Results: Examined in vitro, the identity of leader cells remained the 
same at day 0 and when imaged 24 h later (day 1) in 80% (8/10) islets 
(n=4 mice). Connectivity analysis identified a separate population 
of highly-coactivated hub cells, representing 11.2% of cells at day 0 
(n=3 islets imaged in 3 separate mice). 30.6% of these remained as 
hub cells at day 1, with an overall increase in the proportion of cells 
identified as hubs in vitro to 34.4%. The average connectivity of each 
hub cell remained unchanged from day 0 to day 1, however (p=.25).
After engraftment into the ACE,  Ca2+ waves in vivo initiated from 
the same leader cells (usually two per islet) at days 0, 1, 7 and 14 
(n=6 islets imaged in 3 separate mice). In contrast, whereas 9.5% 
of cells were defined as hubs when examined in vivo at day 0, this 
fraction increased to 18.3% at day 1, as did the average connectivity 
of each hub cell (p<.001 day 1 versus day 0). However, only about 
1/3 (32.7%) of the original hubs at day 0 remained in this role on 
day 1. The proportion of hubs / islet then decreased progressively 
(at day 7 and day 14: 8.8% and 1.1% of the total, respectively).
Conclusion: These findings demonstrate that leader β-cells are a highly 
stable subpopulation in vitro and in vivo, consistent with the distinct 
transcriptomes and localization of these cells within the islet. The 
behavior of hubs is more complex, with the proportion and identity of 
these cells varying substantially in vivo over a two-week time frame.
Supported by: CR-CHUM start-up funding, Welcome Trust Inves-
tigator Award
Disclosure: L. Delgadillo Silva: None.

165
Acute and long term somatostatin signalling via the beta cell 
primary cilium
T. Incedal Nilsson, Ö. Dumral, G. Sanchez, O. Idevall-Hagren;
BMC box 571, Uppsala University, Uppsala, Sweden.

Background and aims: Primary cilia are microtubule-based orga-
nelles that protrude from the surface of β-cell. They are enriched for 
G protein-coupled receptors (GPCRs) that enable the transduction of 

extracellular signals in parallel with canonical receptor signalling from 
plasma membrane receptors. The cilium thereby offers alternative 
pathways for signal processing, but the functional relevance of these 
pathways is largely unknown. The hedgehog (Hh) pathway requires 
functional cilia and is important for both pancreas development and 
maintenance of islet cell function in adulthood. Hh-binding to its 
receptor Smoothened (Smo) initiates  Gi-dependent lowering of cilia 
cAMP and activation of GLI transcription factors. Other cilia-local-
ized  Gi-coupled receptors, such as somatostatin receptor 3 (SSTR3), 
possibly contribute to this regulation. The aim of this study was to 
identify putative signalling pathways downstream of ciliary SSTRs.
Materials and methods: Immunostaining and confocal microscopy 
were used to determine the distribution of islet cell cilia and cilia-
localized proteins in mouse and human islets of Langerhans. Cultured 
mouse islets and MIN6 pseudo-islets expressing a novel cilia-targeted 
cAMP sensor and TIRF microscopy were used to record ciliary cAMP 
dynamics. Functional evaluation of ciliary somatostatin signalling was 
performed in MIN6 pseudo-islets following siRNA-mediated knock-
down of SSTR3.
Results: Real-time recordings of cytosolic and ciliary cAMP in 
mouse islet β-cells revealed similar resting cAMP levels and the addi-
tion of forskolin resulted in cAMP increases in both compartments 
that exhibited similar amplitudes (forskolin: cilia 0.16±0.01, cyto 
0.18±0.01, n=19) and kinetics (difference in rise time, 4±4 s; n=19, 
NS). Exposure to 10 nM GLP-1 stimulated cAMP production in the 
cytosol, which propagated into the cilium with a lag-time of 10±1s 
(n=17, P=0.013) and stabilized at a level similar to that of the cyto-
sol (0.21±0.02 vs 0.18±0.01, n=17), indicating free cAMP diffusion. 
Immunostaining of mouse and human islets revealed strong enrichment 
of SSTR3 and SSTR5 in primary cilia. Addition of 100 nM sst sup-
pressed forskolin-induced cAMP elevations in both cilia and cytosol; 
an effect was selectively diminished in cilia following siRNA-mediated 
knockdown of SSTR3 (control: 99±8% inhibition, siSSTR3: 54±7% 
inhibition, n=20, P=0.004), demonstrating that activation of ciliary 
SSTRs induces local changes in cAMP. Stimulation with sst also 
evoked cilia-specific  Ca2+ increases that were sensitive to pertussis-
toxin treatment and suppressed following SSTR3 knockdown, showing 
that ciliary sst signaling also involves  Ca2+. Prolonged exposure to sst 
(100 nM, 18h) or the Smo agonist SAG caused nuclear accumulation of 
GLI2 (control: 25%, sst: 56%, SAG: 52%, sst+SAG: 53%, 200-250 cells 
for each group), indicating crosstalk between the sst and Hh pathways. 
Importantly, prolonged exposure did not result in loss of ciliary SSTR3 
nor sst-induced ciliary  Ca2+ increases, demonstrating a lack of receptor 
desensitization in the cilium.
Conclusion: Our results show that the primary cilium is a target of 
both acute and long-term sst action in islets and indicates roles of sst 
beyond acute inhibition of hormone secretion. Understanding these 
mechanisms will be important for understanding sst-regulation of 
islet function in health and diabetes.
Supported by: Novo Nordisk
Disclosure: T. Incedal Nilsson: None.
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Identification of transcriptional regulators controlling beta cell 
differentiation
D. Balboa1,2, S.  Moratinos1, J. García-Hurtado1,2, M.A.  Maestro1,2, 
J.  Ferrer3,4;
1Center for Genomic Regulation, Barcelona, Spain, 2CIBER de Diabe-
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III, Barcelona, Spain, 3Center for Genomic Regulation, Regulatory 
genomics and diabetes. CIBER de Diabetes y Enfermedades Metabóli-
cas Asociadas, Instituto de Salud Carlos III, Barcelona, Spain, 4Genet-
ics and Genomics Section, Department of Metabolism, Digestion and 
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Reproduction, National Institute for Health Research (NIHR) Imperial 
Biomedical Research Centre, London, UK.

Background and aims: Our knowledge on the regulatory programs 
that govern human islet endocrine cell fate determination, development 
and maturation remains incomplete. To better interpret the genetic vari-
ants associated with diabetes and improve pancreatic islet generation 
from stem cells, it is necessary to identify the genes and regulatory 
elements involved in these processes. Indeed, an unresolved challenge 
in the differentiation stem cells to islets is the inability to precisely 
control the proportion of cells allocated to each major endocrine cell 
lineage. In this study, we aim to identify and characterize the function 
of transcriptional regulators involved in islet beta cell differentiation.
Materials and methods: To pinpoint putative candidate genes par-
ticipating in beta cell differentiation, we interrogated single-cell tran-
scriptome and accessibility profiles of human fetal and adult pancreas 
and islets, together with stem cell-derived pancreas progenitors and 
islets. We investigated their function by genome engineering knock-
out human pluripotent stem cell lines with CRISPR-Cas9 and differ-
entiating them towards functional islet cells. We characterized these 
differentiated cells using flow cytometry, qRT-PCR, bulk and single 
cell RNAseq, single cell ATACseq and CHIP-seq.
Results: We identified the Achaete-Scute Family BHLH Transcription Fac-
tor 2 gene, ASCL2, as a putative transcriptional regulator of beta cell dif-
ferentiation. ASCL2 expression peaks in fetal pancreas trunk epithelial cells 
and in stem cell-derived endocrine progenitor cells. Stem cell-islets (SC-
islets) differentiated from ASCL2-KO lines displayed a 48,67% reduction 
in INS expression compared to controls (p=4.43 E-04), while GCG, PDX1 
and MNX1 expression levels were not altered. We observed a 62% reduction 
in the number of C-PEP+NKX6-1+ cells in SC-islets (10.60±1.38%SEM 
in KO vs 28.09±3.32%SEM in controls, p=5E-04). ASCL2 transcription 
is regulated by transcription factors that harbor monogenic diabetes muta-
tions, acting through a distal enhancer that directly interacts with the ASCL2 
promoter. Disruption of this enhancer resulted in abrogation of ASCL2 
expression and a 45% reduction in the number of C-PEP+NKX6-1+ cells 
in SC-islets (17,68±2.17% SEM enhancer deleted vs 32.20±3.55% SEM 
in controls; p= 9.20E-03). Finally, the ASCL2 locus harbors independent 
genetic signals associated with type 1 and type 2 diabetes.
Conclusion: Our results indicate a previously unrecognized crucial 
role of transcription factor ASCL2 in beta cell differentiation.
Supported by: EFSD Rising Star Fellowship; Ramon y Cajal Fellow-
ship RYC2021-033131-I
Disclosure: D. Balboa: None.
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Nutrient sensor OGT & mTORC1 crosstalk to coordinate beta 
cell mass and function
S. Jo, E. Alejandro;
University of Minnesota, Minneapolis, MN, USA.

Background and aims: A crucial aspect of type 2 diabetes (T2D) 
is the failure of β-cells to secrete sufficient insulin to tightly regu-
late blood glucose. Nutrient sensor, mechanistic target of rapamycin 
complex 1 (mTORC1), balances cell growth and degradative pro-
cesses (autophagy) to maintain β-cell health and function. Changes 
to mTORC1 activity and autophagy are linked to T2D and β-cell fail-
ure; however, the underlying mechanisms driving these relationships 
remain unclear. Our recent work highlights nutrient sensor O-GlcNAc 
Transferase (OGT) as a critical regulator of β-cell health; β-cell OGT 
deletion (βOGTKO) causes diabetes due to severe β-cell mass loss and 
insulin secretion deficits. In response to changes in nutrient levels, OGT 
glycosylates key target proteins to impact various cellular processes. 
We hypothesize that under nutrient stress, OGT directly modulates the 
mTORC1 pathway, and thereby, autophagy-dependent β-cell function.

Materials and methods: First, we tested whether mTORC1-driven 
autophagy affects OGT-dependent β-cell function. To test this, we deleted 
ULK1 (autophagy initiator downstream of mTORC1) in βOGTKO 
mice (βULK1/OGTKO) (n=7-9 for in vivo, n=5-6 ex vivo analysis). 
Subsequently, to fully delineate the signaling crosstalk between OGT 
and mTORC1 pathways, we generated a mouse model with increased 
mTORC1 activity by deleting TSC2 (mTORC1 inhibitor) in βOGTKO 
mice (βTSC2/OGTKO) (n=9 for in vivo, n=4-5 ex vivo analysis).
Results: βOGTKO islets exhibited decreased mTORC1 activity 
and increased autophagy. Supporting our hypothesis, by attenuat-
ing autophagy via deletion of autophagy activating ULK1, βULK1/
OGTKO mice showed improved glucose tolerance (AUC; 1-way 
ANOVA p<0.01) with attenuated hyperglycemia (2-way ANOVA 
p<0.01) compared to the βOGTKO mice by increasing β-cell function 
(2-way ANOVA p<0.05) but not mass. By fully restoring mTORC1 
activity, βTSC2/OGTKO mice exhibited delayed onset of the diabetic 
phenotype of the βOGTKO mice. Normalization of blood glucose 
was associated with a full rescue of the β-cell mass deficit (1-way 
ANOVA p<0.05) but not improvements in secretory function, which 
suggests non-overlapping biological processes between OGT and 
mTORC1. To further study signaling transduction regulated by 
OGT and mTORC1, we performed phospho-protein antibody array 
(Full Moon BioSystems) on islets from control, βOGTKO, βTSC2/
OGTKO, and βTSC2KO mice, revealing diverging, differential regu-
lation of MAPK and calmodulin signaling by OGT and mTORC1 to 
modulate β-cell health and function.
Conclusion: Altogether, our data show a previously unknown and 
important role of OGT as a master nutrient-sensor affecting down-
stream mTORC1 and autophagy to drive β-cell mass and function.
Supported by: F31 (F31DK131860) to SJ. R01 (R01DK115720) to 
EUA.
Disclosure: S. Jo: None.
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Ex vivo mapping of beta cell glutamate pathways by in situ enzy-
matic activities and metabolic profiling using ToF-SIMS in mouse 
islet cryosections
Y. Zhou1, N.  Baez1, T.  Fu2, T.  Brun1, P.  Maechler1;
1Dpt of Cell Physiology and Metabolism, University of Geneva, 
Geneva, Switzerland, 2Laboratory of Advanced Technology and Dpt of 
Quantum Matter Physics, University of Geneva, Geneva, Switzerland.

Background and aims: In the beta-cell, glucose-stimulated insulin 
secretion is governed by various signals, among which elevation of 
intracellular calcium is mandatory. Glutamate pathways have been 
shown to modulate metabolism-secretion coupling, although it is 
debated whether this amino acid is consumed or produced by the glu-
tamate dehydrogenase (GDH). In vitro experiments have provided 
contradictory results and in vivo assessment of beta-cell glutamate 
levels remains unrealistic. Here, we developed in situ enzyme-targeted 
nitroblue tetrazolium (NBT) assays coupled with metabolic profiling 
using ToF-SIMS to allow ex vivo assessment of GDH activity and 
metabolite levels, respectively, in cryopreserved tissues.
Materials and methods: We used wild type mice and beta-cell specific 
GDH KO mice (Beta-Glud1-/-) of 12 weeks of age. Mice were sacri-
ficed under different feeding conditions: 6h fasted, starved overnight, 
and fed. Non-fixed pancreata were collected and stored at -80°C before 
cryosectioning and analysis. Dithizone insulin staining was performed 
on pancreatic sections to detect beta-cells and assess islet versus acinar 
zones. The NBT assay was applied on cryopreserved sections to study 
the following dehydrogenase (DH) activities: glyceraldehyde-3-P-DH 
(GAPDH) as a readout of glycolysis, lactate-DH (LDH) for potential 
beta-cell dedifferentiation, succinate-DH (SDH) for mitochondrial 
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activity, and GDH for glutamate pathway. The NBT signal was meas-
ured through calibrated optical density in islets with the neighboring 
acinar cells as reference. On the adjacent cryosections, we performed 
time-of-flight secondary ion mass spectrometry (ToF-SIMS) to exam-
ine metabolites related to glutamate pathways. Plasma glucose, insulin 
and glucagon levels were determined for each mouse.
Results: Blood parameters of mice upon the various feeding condi-
tions showed the expected elevation of plasma insulin levels once fed 
(2.5-fold, p<0.01). Applied ex vivo to non-fixed pancreatic cryosec-
tions, DTZ insulin staining revealed islets for the in situ assessment 
of enzyme activities. As anticipated, LDH activity was very low in 
beta-cells compared with non-islet acinar zones. Islet GAPDH exhib-
ited robust glycolytic activity in the fed mice. Surprisingly, mito-
chondrial enzymes SDH and GDH were not significantly modified 
by the feeding state. In situ metabolic profiling by ToF-SIMS showed 
that, compared to the 6h fasted mice, the specific glutamate fragment 
intensities were significantly increased in islets of control mice upon 
feeding  (C4H6NO2

-, m/z=100.040, p=0.009;  C5H7O4
-, m/z=131.035, 

p=0.003). This in situ elevation of glutamate levels was absent in 
Beta-Glud1-/- mice. Interestingly, pyruvate levels (m/z=87.011) were 
not influenced by the feeding state, indicating that the flux rather than 
the absolute levels of this key metabolic intermediate plays a role in 
metabolism-secretion coupling.
Conclusion: Upon feeding, when there is a rise in glycemia and 
plasma insulin levels, glutamate increases in beta-cells. This increase 
is not observed in the absence of GDH in the beta-cells. These ex vivo 
results argue for an anabolic activity in the glutamate pathway upon 
glucose-stimulated insulin secretion with GDH-dependent elevation 
of glutamate.
Supported by: SNF
Disclosure: Y. Zhou: None.

OP 29 Cardiac complications in type 1 
and type 2 diabetes
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Trends in survival after first myocardial infarction in people with 
diabetes
L. Wedén1, T.  Andersson2,3, M.  Lind4,5, B.  Eliasson6, R.  Hofmann1, 
T. Nyström1;
1Department of Clinical Science and Education, Karolinska Insti-
tutet Södersjukhuset, Stockholm, Sweden, 2Institute of Environmen-
tal Medicine, Karolinska Institutet, Stockholm, Sweden, 3Center for 
Occupational and Environmental Medicine, Stockholm, Sweden, 
4Department of Molecular and Clinical Medicine, Institute of Medi-
cine University of Gothenburg, Gothenburg, Sweden, 5Department 
of Medicine, NU Hospital Group, Uddevalla, Sweden, 6Institute of 
Medicine University of Gothenburg, Gothenburg, Sweden.

Background and aims: Earlier studies have demonstrated that people 
with diabetes have a worse outcome after myocardial infarction (MI), 
compared to people without diabetes. In contrast, recent studies have 
shown a substantially decline in mortality and cardiovascular (CV) 
outcome among people with diabetes. Trends in survival after a first 
MI in people with diabetes and without diabetes is still not extensively 
studied.
Materials and methods: Between 2006 to 2020 we identified 2,527 
individuals with type 1 diabetes (T1D), 48,321 individuals with type 
2 diabetes (T2D) and 243,170 individuals without diabetes with a first 
MI in national healthcare registries. Outcomes were trends in survival, 
i.e. death and CV death, and major cardiovascular events (MACE), i.e. 
non-fatal stroke, non-fatal MI, CV death and hospitalised heart failure. 
Multivariable-adjusted proportional hazards ratio (HR) models with 
95% confidence intervals (CIs) were separately applied within people 
without diabetes (control group) and people with T1D, and T2D, with a 
maximum follow-up period of 1095 days. HRs were estimated in three-
year blocks, as well as continuously by the date of entering the cohort.
Results: Individuals with T1D were younger (62 years, SD ±12.2) 
and more often women (43.6%) compared to individuals with T2D (75 
years, SD ±10.8) women (38.1%), and to control group without dia-
betes (73years, SD ±13.2) women (38.1%). Proportion of ST-elevated 
MI (STEMI vs. Non-STEMI) between groups were T1D (29% vs 71%), 
T2D (30% vs 70%) and control group (39 vs 61%), respectively. Three-
year trends in death, CV death and MACE between groups are shown 
in the Table. During follow-up and after multiple adjustments (sex, age, 
comorbidities, socioeconomic factors and medication) there was a sig-
nificant decreased annual incidence trend (HR-1 * 100 %) for all cause 
death in control group -1.9% (-2.1 to -1.7%) and individuals with T2D 
-1.3% (-1.7 to -0.9%), with no such trend in individuals with T1D 0.0 
(-1.9 to 1.9%). Corresponding numbers for CV death were for control 
group -2.0% (-2.1 to -1.8%), T2D -1.6% (-2.0 to -1.1%), and T1D -0.5% 
(-2.6 to 1.2%), and for MACE control group -2.3% (-2.5 to -2.2%), 
T2D -1.9% (-2.3 to -1.6%) and T1D -0.6% (-2.3 to 1.1%), respectively.
Conclusion: During the last 15 years, the trend in death and MACE 
in people without diabetes and with T2D having a first time MI has 
decreased significantly. In contrast, such a decreased trend was absent 
in people with T1D. This finding highlights the urgent need for under-
standing the cardiovascular risk in people with T1D.
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Acute myocardial infarction and heart failure in young patients 
with type 1 and type 2 diabetes
P. Dikaiou1, M.  Lind1, J.  Ludvigsson2, G.  Lappas1, L. Björck1, A. 
 Rosengren1;
1Molecular and Clinical Medicine, Institution of Medicine, Sahlgren-
ska Academy, Gothenburg University, Gothenburg, Sweden, 2Bio-
medical and Clinical Sciences, Division of Pediatrics, Linköping 
University, Linköping, Sweden.

Background and aims: Type 1 and 2 diabetes are different in several 
ways but both types are strongly associated with high risk of cardio-
vascular complications. With rising incidence of type 2 diabetes in 
adolescents and young adults an increasing proportion of young people 
with diabetes will be type 2 diabetes. Young-onset type 2 compared to 
type 1 diabetes has been considered the more lethal phenotype of the 
two but few formal comparisons between the two types exist. The aim 
of the present study was to compare risk factors between young patients 
with type 1 diabetes and type 2 diabetes and outcomes with respect to 
acute myocardial infarction (AMI) and heart failure (HF).
Materials and methods: We used data from the Swedish National 
Diabetes Register and National Patient Register to identify all patients 
with type 1 and 2 diabetes aged 18 to 34 years 1996-2019. Data on 
primary outcomes (acute myocardial infarction (AMI) and heart fail-
ure (HF)) was collected between 1998 and 2019.
Results: In total, we included 43,897 patients with diabetes, 32,208 
patients (73.4% with type 1 diabetes and 11,689 (26.6%) with type 2 
diabetes. Mean age in patients with type 1 and 2 diabetes was 23.1 
(standard deviation (SD) 5.5) and 29.1 (4.4) years, respectively, with 
mean duration of diabetes in type 1 diabetes 8.6 (SD 7.2) and in type 2 
1.7 (3.0 years). Patients with type 2, compared to type 1 diabetes had 
a substantially higher mean body mass index (BMI) of 34.6 (SD 9.1) 
and 24.3 (SD 6.2) kg/m2, respectively, and a more adverse risk factor 
profile with respect to lipids, blood pressure, and microalbuminuria, but 

lower mean HbA1c; 59.3 (SD 21.6) mmol/mol compared to 65.6 (SD 
18.9) mmol/mol. During a mean follow-up of 12.2 (7.0) and 7.9 (5.6) 
years, for type 1 and type 2, respectively, 332 (1.0%) and 243 (2.1%) 
patients with type 1 and type 2, respectively, developed AMI and 142 
(0.44%) and 87 (0.74%) heart failure. Cumulative incidence adjusted 
for age and BMI is shown in the Figure.
Conclusion: Of the two types of diabetes, type 2, as expected, had 
the worst cardiovascular risk factor profile and more micro/macroal-
buminuria despite shorter duration. In absolute terms type 2 also had 
higher risk of AMI and HF even after adjustment for age and BMI.

Disclosure: P. Dikaiou: None.
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Effects of dapagliflozin in type 2 diabetes and heart failure with 
mildly reduced or preserved ejection fraction across the back-
ground of glucose-lowering therapy in DELIVER
M. Vaduganathan1, S.E.  Inzucchi2, B.L.  Claggett1, I.  Kulac1, R.A. 
de  Boer3, A.S.  Desai1, K.F.  Docherty4, A.F.  Hernandez5, M.N. 
 Kosiborod6, P.S.  Jhund4, C.S.P.  Lam7, F.A.  Martinez8, S.J.  Shah9, J.J.V. 
 McMurray4, S.D.  Solomon1;
1Brigham & Women’s Hospital, Boston, MA, USA, 2Yale Univer-
sity, New Haven, CT, USA, 3University Medical Center, Groningen, 
Netherlands, 4University of Glasgow, Glasgow, UK, 5Duke University 
Medical Center, Durham, NC, USA, 6Brigham & Women’s Hospital, 
Kansas City, MO, USA, 7National Heart Centre, Singapore, Singapore, 
8University of Cordoba, Cordoba, Argentina, 9Northwestern University 
Feinberg School of Medicine, Chicago, IL, USA.

Background and aims: Patients (pts) with T2D often require >1 medi-
cation to control their HbA1c. In DELIVER, the SGLT2i dapagliflo-
zin (dapa) improved heart failure (HF) outcomes in 6263 pts with HF 
with mildly reduced or preserved ejection fraction (HFmrEF/HFpEF). 
Whether the effects of dapa on clinical outcomes in DELIVER were 
influenced by the background type or number of anti-hyperglycemic 
therapies (AHT) is unknown.
Materials and methods: 6263 pts with HFmrEF/HFpEF were rand-
omized to dapa or placebo. Of these, 3150 (50.2%) had T2D. We evalu-
ated the effects of dapa on the 1° outcome (worsening HF/CV death), 
HF hospitalisation, CV death, and all-cause death, using Kaplan-Meier 
estimates and Cox proportional hazards models. Treatment effects were 
assessed across the spectrum of baseline AHT number as a continuous 
variable.
Results: Within the T2D subgroup, 42% were female, mean age (±SD) 
71±9, BMI 30.9±6.2, HbA1c 7.4±0.6%, eGFR 59.5±19.5, and left 
ventricular EF 54.0±8.7%. The mean AHT number at baseline was 
1.3±1.0, with 22.9% on diet alone, 58.5% metformin, 30.0% insulin, 
21.5% sulphonylurea (SU), 16.8% DPP4i and 2.2% GLP1RA (combi-
nation therapy being used in 40.6%.) The relative effects of dapa vs. 
placebo on most outcomes were consistent irrespective of background 
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use of most AHT. 1° & key 2° outcomes in those taking vs. not taking 
the two most common AHT, metformin and insulin, are shown in the 
Figure. We observed nominal heterogeneity for the 1° outcome by SU 
use, with those on an SU experiencing larger benefits. However, this 
was not consistent across all outcomes. Furthermore, after accounting 
for other pre-specified subgroups and other AHT, there appeared to be 
no significant overall heterogeneity in the response to dapa. There was 
also no interaction with the background use of DPP4i or GLP-1 RA. 
Finally, in our analysis of pts taking different numbers of AHT (0-4), 
there were consistent effects of dapa across all HF outcomes.
Conclusion: In pts with T2D with HFmrEF/HFpEF, the treatment 
benefit of dapa was consistent across most types and numbers of 
AHT. These data support newer T2D treatment guidelines that no 
longer mandate foundational therapy with metformin. Furthermore, 
the benefits of dapa are not mitigated by concurrent insulin therapy, 
which may have sodium-retentive properties. The observed nominal 
statistical interaction with SU may reflect the play of chance but 
warrants further investigation.

Clinical Trial Registration Number: NCT03619213
Supported by: AstraZeneca
Disclosure: M. Vaduganathan: Employment/Consultancy; Ameri-
can Regent, AstraZeneca, Bayer, Baxter Healthcare, Boehringer 
Ingelheim, Cytokinetics, Lexicon, Novartis, Pharmacosmos, Relypsa, 
Roche Diagnostics, Sanofi, Galmed, Bayer, Occlutech, Impulse 
Dynamics. Lecture/other fees; AstraZeneca, Novartis, Roche.
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Association of clinical characteristics with sudden cardiac 
arrest in people with type 2 diabetes with and without CVD: a 
longitudinal case-control study on primary care data
P.P. Harms1,2, L.H. van  Dongen3,4, F.C.  Bennis5, K.M.A.  Swart6, 
M.  Hoogendoorn5, J.W.J.  Beulens7,2, H.L.  Tan3,8, P.  Elders1,2, M.T. 
 Blom1,2, RESCUED;
1General Practice Medicine, Amsterdam UMC, Amsterdam, Neth-
erlands, 2Amsterdam Public Health research institute, Amsterdam, 
Netherlands, 3Clinical and Experimental Cardiology, Amsterdam 
UMC, Amsterdam, Netherlands, 4Amsterdam Cardiovascular Sci-
ences, Amsterdam, Netherlands, 5Computer Science, Vrije Univer-
siteit Amsterdam, Amsterdam, Netherlands, 6PHARMO institute for 
Drug Outcomes Research, Utrecht, Netherlands, 7Epidemiology and 
Data Science, Amsterdam UMC, Amsterdam, Netherlands, 8Nether-
lands Heart Institute, Utrecht, Netherlands.

Background and aims: Sudden cardiac arrest (SCA) is a substantial 
public health problem and the causative event of up to 50% of cardiac 
deaths, accounting for 20% of mortality in high-income countries. People 

with type 2 diabetes have a twofold increased risk of SCA. However, 
predictors of SCA risk are not fully understood, specifically for those 
without a CVD history. We aimed to assess the (differences in) longi-
tudinal associations of clinical characteristics recorded in primary care 
with SCA in people with type 2 diabetes with and without a CVD history.
Materials and methods: A case-control study with SCA cases with type 
2 diabetes from the AmsteRdam REsuscitation STtudies (ARREST) reg-
istry of out-of-hospital resuscitation attempts by emergency medical ser-
vices in the Dutch region of Noord-Holland (2005-2019). We included 
cases with presumed cardiac cause registered at General Practice (GP) 
practices from the PHARMO Data Network and the academic network 
of general practice at Amsterdam UMC (ANHA). Cases were matched 
(age, sex, T2D, GP practice) with up to five non-SCA controls. From the 
GP files, we collected relevant clinical measurements, medication use, and 
medical history from before the SCA date of the case-control pairs. These 
measurements were grouped by year until 5 years prior the case’s SCA 
date, and then categorized including a ’unknown’ category for measure-
ments that were not recorded that year. We analysed the associations of 
clinical characteristics with SCA in the total sample and in subgroups with 
and without CVD using univariable and multivariable time-dependent 
Cox-regression (Hazard Ratios, 95% confidence intervals).
Results: We included 815 cases and 3,696 controls. In multivariable mod-
els, only insulin use (2.01 (1.56-2.60)) was associated with SCA in both 
people with and without CVD. In people with CVD (409 cases/1,392 con-
trols), moderate (1.84 (1.19-2.84)), severe (1.96 (1.05-3.66)) and unknown 
(1.80 (1.21-2.68)) albuminuria, and heart failure (2.22 (1.78-2.76)) were 
associated with SCA. In people without CVD (406 cases/2,304 controls), 
current (1.68 (1.28-2.20)) and unknown (1.61 (1.30-2.00)) smoking behav-
iour, high LDL cholesterol (>2.6 mmol/l: 1.54 (1.00- 2.37)), and QTc pro-
longing anti-psychotic (2.52 (1.68- 3.77)), prokinetic (1.94 (1.23- 3.05), and 
anti-biotic medication use (1.41 (1.02- 1.97) were associated with SCA.
Conclusion: In people with type 2 diabetes with CVD, albuminuria and 
heart failure are signs of increased SCA risk, while in people without a 
CVD history current and unknown smoking behaviour, high LDL cho-
lesterol, and QTc prolonging medication use are indicators of SCA risk.
Supported by: Dutch Heart Foundation grant CVON2017-15 RES-
CUED, EU H2020 grant no 733381 ESCAPE-NET, COST Action 
PARQ grant No CA19137
Disclosure: P.P. Harms: None.
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Duration of type 2 diabetes increases risk of third-degree atrio-
ventricular block
S. Haxha1,2, K.K. Sørensen2, S.B.  Haugaard3,4, M.H.  Ruwald5, A. 
 Halili1,2, B.T.  Philbert6, L. Køber6, G.H.  Gislason5, C. Torp-Pedersen2, 
C.N.  Bang1;
1Department of Cardiology, Bispebjerg og Frederiksberg Hospital, 
Copenhagen, Denmark, 2Department of Cardiology, North Zealand 
Hospital, Hillerød, Denmark, 3Department of Endocrinology, Bispe-
bjerg og Frederiksberg Hospital, Copenhagen, Denmark, 4Institute of 
Clinical Medicine, Faculty of Health and Medical Sciences,, Copenha-
gen, Denmark, 5Department of Cardiology, Herlev-Gentofte University 
Hospital, Copenhagen, Denmark, 6Department of Cardiology, Rigshos-
pitalet, Copenhagen University Hospital, Copenhagen, Denmark.

Background and aims: Type 2 diabetes mellitus (T2DM) is a major 
contributor to morbidity and mortality, with an increased risk of sud-
den cardiac death. Duration of T2DM is associated with a higher rate 
of pacemaker implantation, which suggests that the duration of T2DM 
may be related to third-degree atrioventricular block (3AVB) as an 
indication of pacemaker. We aimed to investigate, whether duration of 
T2DM is associated to greater incidence of 3AVB.
Materials and methods: This is a nested case-control study, based on 
prospectively collected data in nationwide registries in Denmark. All 5 
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342 797 inhabitants of Denmark older than 18 years between 1995-2018, 
from which 24 177 nested cases with 3AVB were identified and matched 
randomly 1:5 at the risk set of each case on sex and birth year with 120 
915 controls without 3AVB. Conditional logistic regression with time-
dependent exposure and time-dependent covariates was used to calculate 
hazard ratios for 3AVB with duration of T2DM association split into four 
groups: 0-5 years, 6-10 years, 11-15 years, and >15 years. Multivariate 
analyses were adjusted for relevant comorbidities and medicine.
Results: T2DM duration 0-5 years, 6-10 years, 11-15 years and 
>15 years were associated with a stepwise increase in higher hazard 
ratio of third-degree atrioventricular block of 1.24 (95% confidence 
interval 1.16 to 1.33), 1.41 (95% confidence interval 1.31 to 1.52), 
1.79 (95% confidence interval 1.64 to 1.95), and 2.20 (95% confi-
dence interval 2.01 to 2.40), respectively, compared to patients free 
of diabetes, after adjusting for atrioventricular nodal blocking agents 
and comorbidities known to be associated with 3AVB. (Figure 1.)
Conclusion: This study shows a stepwise increase in the hazard 
ratio of 3AVB with T2DM duration, independent of atrioventricular 
nodal blocking agents and comorbidities known to be associated with 
3AVB. These findings add to the increasing body of knowledge on 
T2DM being independently associated with 3AVB, suggesting that 
physicians need to be more vigilant of the cardiac conductions sys-
tem in people with T2DM, especially when presenting with relevant 
symptoms in combination with an extensive history of T2DM.

Supported by: This work was funded by the independent research 
foundation Skibsreder Per Henriksen, R. og Hustrus Fond.
Disclosure: S. Haxha: Grants; Educational grant from Medtronic cov-
ering conference fee only to attend European Heart Rhythm association 
(EHRA) Congress 2022 in Copenhagen.
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Glycaemia and cardiac arrhythmias in people with type 1 diabe-
tes: a prospective observational study
P.G. Hagelqvist1, A.  Andersen1, K.  Maytham1, C.R.  Andreasen1, S. 
 Engberg2, T.  Lindhardt3, J.L.  Forman4, U. Pedersen-Bjergaard5, F.K. 
 Knop6, T. Vilsbøll1;
1Clinical Research, Steno Diabetes Center Copenhagen, Herlev, Den-
mark, 2Steno Diabetes Center Copenhagen, Herlev, Denmark, 3Depart-
ment of cardiology, Nordsjællands Hospital Hillerød, Hillerød, Den-
mark, 4Department of biomedical sciences, University of Copenhagen, 
Copenhagen, Denmark, 5Department of Endocrinology and Nephrol-
ogy, Nordsjællands Hospital Hillerød, Hillerød, Denmark, 6Center for 
Clinical Metabolic Research, Gentofte Hospital, Hellerup, Denmark.

Background and aims: The impact of hypoglycaemia, hyperglycaemia 
and glycaemic variability on cardiac arrhythmia susceptibility in people 
with type 1 diabetes is uncertain. We performed a one-year prospec-
tive observational study employing continuous glucose monitoring and 
implantable loop recorders to investigate potential associations between 
glycaemia and cardiac arrhythmias.
Materials and methods: Thirty adults with type 1 diabetes ([mean 
± SD] age 63 ± 8 years, BMI 26 ± 5 kg/m2, HbA1c 57 ± 12 mmol/
mol [7.3 ± 1.1%]) and with no history of cardiac arrhythmias were 
included. Daytime and night-time incidence rate ratios (IRR) for car-
diac arrhythmias were determined both for hypoglycaemia (interstitial 
glucose (IG) <3.9 mmol/l) and hyperglycaemia (IG >10.0 mmol/l) in 
comparison with euglycaemia (IG 3.9 - 10.0 mmol/l). Furthermore, 
we explored the risk of arrhythmias during an increase in IG above the 
subject-specific mean IG and during increased glycaemic variability 
as estimated by coefficient of variation (CV).
Results: Hypoglycaemia was not associated with cardiac arrhythmias 
when compared to a combination of euglycaemia and hyperglycaemia 
(Fig.1A+B). However, during daytime the subject-specific hourly inci-
dence of arrhythmias tended to increase with increasing time spent in 
hypoglycaemia compared to euglycaemia (Fig. 1A). Daytime hypergly-
caemia was associated with increased risk of arrhythmias compared to 
euglycaemia (Fig. 1A+B). No association was found between nighttime 
hypoglycaemia or nighttime hyperglycaemia and risk of arrhythmias. 
A daytime increase in IG above the subject-specific mean IG showed 
an increased risk of arrhythmias (IRR 1.10 [ 95% CI 1.03 - 1.17] per 1 
mmol/l increase). During daytime, no association was found between 
increased CV and the risk of arrhythmias (IRR 0.91 (95% CI [0.79 - 
1.05] per 5% increase), whereas during nighttime an inverse relation-
ship was observed (IRR 0.81 [95% CI 0.69 - 0.96] per 5% increase).
Conclusion: The present study suggests that acute hypoglycaemia and 
hyperglycaemia during daytime may contribute to an increased risk of 
arrhythmias in individuals with type 1 diabetes. Since no similar link was 
found during nighttime, this may indicate diurnal differences in arrhythmo-
genic susceptibility.

Clinical Trial Registration Number: NCT04011683
Supported by: Novo Nordisk Foundation
Disclosure: P.G. Hagelqvist: None.
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Effect of low dose aspirin on incident diabetes among older 
adults: post hoc analysis of the ASPREE randomised placebo-
controlled trial
S. Zoungas1, Z.  Zhou1, A.J.  Owen1, A.J.  Curtis1, S.E.  Espinoza2, 
M.E.  Ernst3, R.L.  Woods1, S.G.  Orchard1, J.J.  McNeil1, A.M. 
 Murray4, M.R.  Nelson5, C.M.  Reid6, J.  Ryan1, R.  Wolfe7;
1School of Public Health and Preventive Medicine, Monash University, 
Melbourne, Australia, 2Sam and Ann Barshop Institute, UT Health San 
Antonio, San Antonio, TX, USA, 3College of Pharmacy, The Univer-
sity of Iowa, Iowa, IA, USA, 4Berman Centre for Outcomes and Clini-
cal Research, Hennepin Healthcare Research Institute, Minneapolis, 
MN, USA, 5Menzies Institute for Medical Research, University of Tas-
mania, Hobart, Australia, 6School of Public Health, Curtin University, 
Perth, Australia, 7School of Public Health and Preventive Medicine, 
Monash University, Melbourne, VIC, Australia.

Background and aims: The effect of aspirin on incident type 2 dia-
betes among older adults remains uncertain. This study investigates 
the randomised treatment effect of low dose aspirin on incident dia-
betes and fasting plasma glucose (FPG) levels among older adults.
Materials and methods: ASPREE was a double-blind, placebo-controlled 
trial of aspirin. Community-dwelling individuals aged ≥65 years and free 
of cardiovascular disease, independence-limiting physical disability and 
dementia were enrolled. Participants were randomised 1:1 to 100 mg daily 
enteric-coated aspirin or placebo. Incident diabetes was defined as self-
report of diabetes, commencement of glucose lowering medication and/
or FPG ≥7.0 mmol/L at annual follow-up visits. Presence of diabetes at 
baseline was an additional exclusion criterion for this analysis. Cox pro-
portional-hazards and linear mixed-effects regression models assessed the 
effect of aspirin on incident diabetes and FPG levels respectively.
Results: 16,209 participants were included in the analysis (8,086 
randomised to aspirin and 8,123 to placebo). Over a median follow-up 
of 4.7 years, 995 incident diabetes cases were recorded (aspirin: 459, 
placebo: 536). Compared with placebo, the aspirin group had a 15% 
reduction in incident diabetes (hazard ratio 0.85, 95% CI 0.75-0.97; 
p=0.01) and a slower rate of increase in FPG (difference [95% CI] 
in annual FPG change: -0.006 mmol/L [-0.009 to -0.002], p=0.004).
Conclusion: Aspirin treatment reduced incident diabetes and slowed 
the increase in FPG over time among initially healthy older adults. 
Given the increasing prevalence of type 2 diabetes among older 
adults, the potential for anti-inflammatory agents like aspirin to pre-
vent type 2 diabetes or improve glucose levels needs further study.
Clinical Trial Registration Number: NCT01038583
Supported by: NIA & NIH (U.S.), NHMRC (Australia)
Disclosure: S. Zoungas: None.
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Incident type 2 diabetes among users of denosumab and alen-
dronate: a Danish cohort study
R. Viggers1,2, J. Starup-Linde3,4, I.  Leegaard1, P.  Vestergaard1,2;
1Steno Diabetes Center North Denmark, Aalborg University Hospital, 
Aalborg, Denmark, 2Department of Clinical Medicine, Aalborg Uni-
versity, Aalborg, Denmark, 3Steno Diabetes Center Aarhus, Aarhus 
University Hospital, Aarhus, Denmark, 4Department of Endocrinology 
and Internal Medicine, Aarhus University Hospital, Aarhus, Germany.

Background and aims: Alendronate and denosumab are two commonly 
used anti-resorptive therapies in the management of osteoporosis. Alen-
dronate is a bisphosphonate and is suggested as a protecting agent against 
the development of type 2 diabetes (T2D). Denosumab is an antibody 
against the receptor activator of nuclear factor-κB ligand (RANKL) and 

higher RANKL levels are reported associated with an increased risk of 
T2D. We aimed to compare initiators of denosumab and alendronate and 
hypothesized no difference in the risk of incident T2D.
Materials and methods: We conducted a population-based Danish 
cohort study by accessing all discharge diagnoses (ICD-10 system) from 
the National Danish Patient Registry and all redeemed drug prescrip-
tions (ATC classification system) from the Health Service Prescription 
Registry. The main cohort consisted of anti-osteoporotic treatment naïve 
users of alendronate or denosumab between 2011-2018 without any 
history of diabetes and age ≥ 50 years at index. We matched 5 alen-
dronate users to 1 denosumab user by propensity score (ps) matching 
with replacement. The outcome was incident T2D. Incidence rates and 
cox proportional hazard risk ratios (HRs) for T2D were estimated with 
alendronate as the comparator and with 95% CIs. We assessed exposure 
time, total defined daily doses (DDDs), and drug adherence based on 
the medication possession ratio (MPR). Evaluation of response relation-
ships was assessed by interaction terms and predicted HRs.
Results: After ps matching, the cohort consisted of 3,361 denosumab 
and 12,815 alendronate users. In total, 544 subjects developed T2D 
during the study period: 101 (3.01%) denosumab users and 443 (3.46%) 
alendronate users. The incidence rates per 1000 person-years were 
11.72 (10.67; 12.86) and 9.45 (7.78; 11.49) for alendronate and deno-
sumab, respectively. The drug adherence (MPR ≥ 0.8) was high both 
among denosumab (63.46%) and alendronate (83.53) users. The HR for 
developing T2D among denosumab users was 0.82 (0.66; 1.03). When 
restricting the analysis to those with MPR ≥ 0.8, the HR for developing 
T2D was 0.55 (0.41; 0.74) compared to alendronate users. Figure 1 illus-
trates the predicted HRs for T2D stratified by exposure time and DDDs.
Conclusion: These results suggest a lower incidence and risk of T2D 
among denosumab compared to alendronate users, though the estimates 
did not reach statistical significance. It is possible that denosumab and 
alendronate have short- and long-term protective effects on incident T2D, 
respectively. Lastly, high adherence to denosumab may decrease the 
development of T2D. With these findings, we hope to encourage further 
clinical research in the crosstalk between bone and glucose metabolism.

Supported by: This work was supported by Steno Collaborative grant, 
Novo Nordisk Foundation, Denmark (Grant no. NNF18OC0052064).
Disclosure: R. Viggers: None.
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Prescribing trends of anti-diabetes medications near end of life 
among older adults with type 2 diabetes: a nationwide cohort 
study
A. Kutz, D.H. Kim, E. Patorno;
Department of Medicine, Brigham and Women`s Hospital, Boston, 
MA, USA.

Background and aims: Although deprescribing anti-diabetes medi-
cations towards end of life has been suggested to be safe data on 
the extent, patterns and secular changes in discontinuation of these 
agents near end of life is still scarce. We therefore assessed prescrib-
ing trends of anti-diabetes medications in the last year of life among 
older adults with type 2 diabetes and explored whether frailty is asso-
ciated with differential prescribing patterns.
Materials and methods: Using nationwide claims data from Medicare 
fee-for-service beneficiaries, we conducted a cohort study including 
older adults (≥67 years) with type 2 diabetes who died between 2015 
and 2019. We plotted 6-monthly trends in prevalent and incident users 
of anti-diabetes medications overall and stratified by level of frailty. We 
also assessed differences in prescribing patterns within the last year of 
death (9 to 12 months vs 0 to 4 months before death).
Results: Among 975,407 Medicare beneficiaries with type 2 diabetes 
(mean [SD] age, 80.9 [8.2] years; 54.3% female; 34.9% frail), filled 
prescriptions for any anti-diabetes medication within 1 year of death 
increased from 71.4% in 2015 to 72.9% in 2019 (p<0.01). The most 
pronounced increase in use was observed for metformin (40.7% in 2015 
to 46.5% in 2019, p<0.01), whereas the use of sulfonylureas decreased 
over time (37.0% to 31.8%, p<0.01). The proportion of people on any 
anti-diabetes medication decreased throughout the last year of life from 
66.1% in the 9-12 months before death to 60.8% (p<0.01) in the 0-4 
months before death. This decline was mainly driven by a decrease 
in use of non-insulin medications, whereas short-acting insulins were 
more likely to be prescribed towards the end of life (from 18.5% to 
20.0%, p<0.01). Prescribing trends among incident users of anti-diabe-
tes medications were similar, with short-acting (4.1% to 7.4%, p<0.01) 
and long-acting insulin (6.0% to 8.2%, p<0.01) more frequently initi-
ated closer to end of life. Trends by level of frailty were similar, with a 
larger proportion of more frail individuals using short- and long-acting 
insulin near end of life. Newer medications with proven cardiovascular 
benefit were the least frequently prescribed agents at end of life, though 
their use became more frequent in recent years.
Conclusion: In this cohort study, the proportion of older adults with 
type 2 diabetes who used an anti-diabetes medication within 1 year 
of death increased over time. However, there was evidence of an 
increase in medication discontinuation towards the end of life, in 
accordance with practice guidelines.
Disclosure:  A. Kutz:  Grants; Postdoc. Mobility grant 
(P400PM_194479 / 1) from the Swiss National Science Foundation, 
Educational grant from Novo Nordisk.
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Age discrepencies in the use of glucose-lowering medications: a 
nationwide cohort study
K. Johansson1, T.  Petersen1, M.  Christensen1,2;
1Department of clinical pharmacology, Bispebjerg and Frederiksberg 
Hospital, Copenhagen, Denmark, 2Copenhagen Center for Transla-
tional Research, Bispebjerg and Frederiksberg Hospital, Copenhagen, 
Denmark.

Background and aims: Various glucose-lowering medications are 
used to lower glycated haemoglobin (HbA1c) in patients with type 2 
diabetes. Of the available medications, only glucagon-like peptide-1 
receptor agonists (GLP-1RAs) and sodium-glucose co-transporter-2 
inhibitors (SGLT-2is) have documented preventive effects on cardi-
ovascular disease events within a few years of treatment. For older 
patients, guidelines recommend a less strict HbA1c-target and discour-
age treatment with sulphonylureas due to their inherent risk of hypo-
glycaemia. We hypothesized that these guidelines are yet to be fully 
implemented and that older patients receive fewer and other glucose-
lowering medications than younger patients.
Materials and methods: We described the usage of glucose-lowering 
medication for all patients with type 2 diabetes in Denmark from 2018 
to 2020 and related this to age and Hba1c by using regression models 
adjusting for: sex, renal function, comorbidities, level of education, 
gross household income and country of birth. A patient was consid-
ered a medication user if they redeemed a prescription of that medica-
tion class (fourth level ATC code) within three months following their 
Hba1c measurement.
Results: We identified 290,890 patients with type 2 diabetes in the 
study period. The number of medications used peaked at the age of 70, 
whereafter it decreased (Figure 1A). For example, when comparing 80- 
and 90-year-old patients with 50-years-old patients at an Hba1c value 
of 48 mmol/mol (6.5%), 80-year-old patients used 5% (95% CI 3-6%) 
fewer glucose-lowering medications and 90-year-old patients 31% (95% 
CI 30-33%) fewer glucose-lowering medications. Older patients were 
generally less likely to be treated with GLP-1RAs and SGLT-2is (Fig-
ure 1B). In contrast, they were more likely to be treated with insulin, 
dipeptidyl peptidase-4 inhibitors, and sulphonylureas. These discrepan-
cies were attenuated with an increasing Hba1c. For example, compared 
with a 50-year-old patient, an 80-year-old patient with an Hba1c-value 
of 48 mmol/mol (6.5%) was 59% less likely to receive either a GLP-
1RA or a SGLT-2i (RR 0.41, 95% CI 0.38-0.44), but 137% more likely 
to receive sulphonylureas (RR 2.37, 95% CI 2.19-2.58).
Conclusion: In Denmark, older patients were treated with fewer glucose-
lowering medications than younger patients at the same Hba1c-level. 
Older patients were also more likely to receive medications with a higher 
risk of hypoglycaemia, such as sulphonylureas and insulin, and less likely 
to use GLP-1RA and SGLT-2i. Our findings suggest a potential for treat-
ment improvement and stress the importance of frequently re-evaluating 
glucose-lowering treatment in all patients, independent of age.
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UKPDS blood pressure study 34 year follow-up
R.L. Coleman1, A.I.  Adler1, P.  Clarke2, J.  Leal2, W.  Whiteley3,4, 
R.R.  Holman1;
1Radcliffe Department of Medicine, University of Oxford, Oxford, 
UK, 2Nuffield Department of Population Health, University of 
Oxford, Oxford, UK, 3University of Edinburgh, Edinburgh, UK, 
4University of Oxford, Oxford, UK.

Background and aims: The UK Prospective Diabetes Study 
(UKPDS) demonstrated that individuals with hypertension and dia-
betes randomly allocated to tight vs. less tight blood pressure con-
trol experienced a clinically important reduction in diabetes-related 
outcomes including microvascular disease, stroke and diabetes-
related death during a median 8.4 years follow-up. These differences 
attenuated during the 10-year post-trial monitoring phase, with risk 
reductions no longer achieving clinical or statistical significance, 
although the risk reduction for peripheral vascular disease (PVD) 
became statistically significant (Hazard Ratio 0.50, 95%CI 0.28-0.92, 
P=0.02). We used NHS administrative data to extend follow-up for 
the surviving cohort to a maximum of 34 years.
Materials and methods: Participants who completed post-trial moni-
toring in September 2007 were linked to routinely-collected NHS Eng-
land administrative data, extending potential follow-up to March 2021, 
and increasing person-years of follow-up by 16% to 18,084 years. Data 
for Scotland and Northern Ireland are awaited. We re-evaluated the 7 
pre-specified UKPDS aggregate outcomes in intention-to-treat analyses 
using Kaplan Meier time-to-event and log rank analyses.
Results: After a median 15.8 years follow-up from randomization, 783 
(86%) of the 911 participants whose vital status was known in 2021 
had died. The number of additional events collected during the 14-year 
administrative follow-up period were evenly distributed between rand-
omized groups. Overall, there were no clinical or statistically significant 
differences between the groups allocated previously to tight vs. less-tight 
blood pressure control for any of the aggregate outcomes: Any diabe-
tes-related endpoint (Risk Ratio [RR] 0.93, 95%CI 0.80-1.08 P=0.32); 
Diabetes-related death (RR 0.91, 95%CI 0.74-1.11, P=0.34); All-cause 
mortality (RR 0.94, 95%CI 0.81-1.09, P=0.39); Myocardial infarction 
(RR 0.96, 95%CI 0.78-1.18, P=0.68); Stroke (RR 0.79, 95%CI 0.58-
1.06, P=0.11); PVD (RR 0.59, 95%CI 0.34-1.03, P=0.062); and Micro-
vascular disease (RR 0.87, 95%CI 0.67-1.12, P=0.28).
Conclusion: Longer-term analysis of the UKPDS cohort shows no 
persisting or legacy effects of the within-trial benefits of tight blood 
pressure control, or evidence of harm. This study highlights the 
potential use of administrative data to provide extended follow-up of 
clinical outcome studies.
Disclosure: R.L. Coleman: None.

180
MODY in older onset diabetes is common and identification can 
improve treatment: analysis of >72,000 people
L. Sharp1, L.  Mirshahi2, K.  Colclough1, J.  Haley2, A.  Hattersley1, D. 
 Carey2, M.  Weedon1, K.  Patel1;
1University of Exeter, Exeter, UK, 2Geisinger, Danville, PA, USA.

Background and aims: MODY genetic testing currently excludes 
people with diabetes onset after 40y, despite studies showing MODY 
mutations can be found in older adults. We therefore performed large 
scale genetic studies of 72,557 people to identify the prevalence, 
clinical features, and clinical utility of monogenic diabetes genetic 
testing in people with older onset diabetes (diagnosed after >40y).
Materials and methods: We used whole exome sequence data from 
people with diabetes diagnosed >40y. This included 38,967 from the 
UK Biobank, a population cohort from the UK and 33,590 people from 
a health care system-based cohort from the USA with higher rate of 
obesity (50%). We analysed the 12 most common MODY genes includ-
ing m.3243A>G (only in UK Biobank) and identified pathogenic/likely 
pathogenic variants in these genes. We then compared the clinical fea-
tures of people with MODY versus those with non-MODY diabetes.
Results: Out of the 38,967 people diagnosed with diabetes after the age 
of 40 in the UK cohort, 188 people were found to have MODY, giving 
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a prevalence of 0.48% (1 in 207, CI 0.42-0.56%). The prevalence was 
similar in people with insulin treated and non-insulin treated diabe-
tes (0.50% vs 0.47%). The most common cause of MODY was GCK 
(44.7%) followed by HNF1A/4A (17%) and m.3243A>G (10.6%). Of 
188 people with MODY, 48 (25%) received inappropriate treatment 
for their genotype. MODY cases had a lower age of diagnosis (55 vs 
58, p<10-07), lower BMI (28.1 vs 31.6, p<10-17), higher frequency of 
gestational diabetes (females only, 11% vs 2%, p<10-5) and lower T2D-
GRS (0.04 vs 0.33, p<10-4). The prevalence of MODY doubled to 1.1% 
(1 in 91) for people with BMI <27 (<median of the cohort). Analysis of 
33,590 from a health care-based cohort with higher background rates of 
obesity (50%) showed lower prevalence of MODY (n=81, 0.25%,1 in 
394, CI 0.2-0.3%). Of 81 individuals with MODY, 40 (50%) received 
inappropriate treatment for their genotype.
Conclusion: At least one in 207 people with older onset diabetes 
(>40y) have MODY. 25%-50% of MODY individuals have received 
inappropriate treatment for their genotype, highlighting the clinical 
utility of genetic testing. Further studies are needed to develop an 
optimal strategy to select older adults for genetic testing.
Supported by: Wellcome Trust
Disclosure: L. Sharp: None.
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Exploring the role of transcription factors HNF1A, HNF1B, and 
HNF4A in human induced pluripotent stem cell-derived pancre-
atic islet cell differentiation
L. Unger, A. Friestad, T.A. Legøy, L.M. Ghila, S. Chera;
University of Bergen, Bergen, Norway.

Background and aims: Induced pluripotent stem cells (iPSCs) have 
become an important tool for diabetes research due to their ability to 
differentiate into various cell types, including pancreatic beta cells. 
These beta cells are responsible for producing insulin in the pancreas, 
and their dysfunction or loss is a hallmark of diabetes. iPSCs are a 
valuable tool for both diabetes research and potential treatment options, 
providing new avenues for understanding and addressing this disease. 
Monogenic diabetes is a form of diabetes caused by mutations in a sin-
gle gene. One of the most common genes associated with monogenic 
diabetes is HNF1A, which codes for a transcription factor that plays a 
crucial role in regulating glucose metabolism in the pancreas. Muta-
tions in HNF1A result in impaired insulin secretion and reduced beta 
cell function, leading to the development of diabetes. Previous studies 
suggest that HNF1A acts as critical genetic switch controlling pancre-
atic insulin-producing β-cell differentiation. Genetic cell tracing, timed 
conditional gene expression and diverse dynamic omics assays revealed 
a critical role of HNF1A in islet cell identity selection, maintenance, and 
crosstalk. Recent studies from our lab indicated the crucial role of the 
interplay between HNF1A and HNF4A and their ratio between expres-
sion level in restricting human islet cell identity. The aim of this study is 
to investigate the impact and time of occurrence of HNF1A, HNF1B and 
HNF4A along islet cell fate acquisition by using a seven-stage in vitro 
differentiation protocol, which successfully generated insulin-producing 
cells from human induced pluripotent stem cells (iPSC).
Materials and methods: In vitro differentiations were performed fol-
lowing previously established protocols. We introduced by CRISPR-
Cas9 the hotspot mutation P291fsinsC in a commercially available 
iPSC line (noncarrier). Cellular analyses were performed via immu-
nofluorescence staining, while the proteome was investigated via 
Tandem Mass Tag 11-plex labelling.
Results: The expression pattern for HNF1A, HNF4A and HNF1B 
during differentiation was established and an interplay between all 
the different HNFs revealed. To Investigate the effect of a MODY 
mutation on the expression pattern of the HNFs, an iPSC cell line 
carrying the MODY-3 hotspot mutation HNF1A P291fsinsC was 
differentiated towards pancreatic cell fate. The HNF1A P291fsinsC 
mutation shows an altered expression pattern and changes in mor-
phology during pancreatic differentiation. After maturation of stem 
cell islets, the MODY-3 mutant showed impaired insulin production 
and an altered molecular landscape.
Conclusion: Using proteomics, immunofluorescent assays, glucose 
stimulated insulin secretion tests and bulk RNA sequencing, we were 
able to reveal the differences in the molecular landscapes between 
mature stem cell islets differentiated from MODY-3 and non-carrier 
iPSC.
Supported by: Novo Nordisk
Disclosure: L. Unger: Grants; Novo Nordisk.

182
Both MAFA and MAFB are required for acquisition of glucose-
stimulated insulin secretion (GSIS) in human pluripotent stem 
cell-derived islets
A. Allouch, A. Diane, R. Abdulmuumin, H.H. Al-Siddiqi;
Qatar Biomedical Research Institute, Hamad Bin Khalifa University, 
Doha, Qatar.
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Background and aims: Diabetes mellitus is a chronic disease char-
acterized by impaired glucose metabolism resulting from an absolute 
or relative insulin deficiency. Current pharmacological treatments for 
type 1 diabetes involves exogenous insulin injection that cannot fully 
replicate rigorous glycemic control provided by endogenous β-cells. 
Cadaveric islet transplantation using Edmonton protocol has served 
as an effective intervention for restoring normoglycaemia. However, 
this approach is circumscribed by a serious scarcity of donor tissues. 
Emerging β-cell replacement with human pluripotent stem cell (hPSC)-
derived β-cells may provide alternative solution. Most in vitro differ-
entiation protocols have generated hPSC-derived β-cells with either 
impaired or weakened GSIS or immature phenotype lacking appro-
priate expression of key islet-enriched transcription factors such as 
MAFA and MAFB. However, their role in β-cell function is not fully 
characterized. This project aimed to study the expression pattern of 
MAFA/MAFB during in vitro differentiation and to investigate their 
role in the functionality of hPSC-derived β-cells.
Materials and methods: Differentiation of human embryonic 
(HUES8) and induced (iPSC824)-PSC into β-cells was carried out in 
a stepwise 2D differentiation protocol adapted from Hogrebe et al. 
(2021). The efficiency of relevant stage-specific marker expression 
as well as MAFA/MAFB expression pattern were tested using flow 
cytometry, immunostaining and RT-PCR. Finally, GSIS was performed 
following MAFA and MAFB silencing to determine their role on the 
functionality.
Results: Flow cytometry, immunostaining and RT-PCR data for rel-
evant stages confirmed a directed differentiation into insulin-expressing 
β-cells for both cell lines. From stage 0 to stage 6, MAFA and MAFB 
showed differential expression pattern. GSIS data showed an increased 
c-peptide release in response to high (20 mM) glucose as compared 
with low (2 mM) glucose challenge, indicating the generation of func-
tional β-cells. Interestingly, siRNA- mediated MAFA or MAFB sup-
pression impaired GSIS.
Conclusion: our data demonstrated that both MAFA and MAFB are 
crucial for the functionality of hPSC-derived islets.
Supported by: QNRF
Disclosure: A. Allouch: None.

183
Role of arginine methylation of Neurogenin 3 in hESCs during 
development into the pancreatic endocrine cell in vitro
Y.-M. Han;
Graduate School of Medical Science & Engineering, KAIST, Dae-
jeon, Republic of Korea.

Background and aims: Neurogenin3 (NGN3) is a key transcription 
factor in the cell fate determination of endocrine progenitors (EPs) 
in the developing pancreas. It is known that the stability and activity 
of NGN3 are regulated by serine phosphorylation. However, the role 
of NGN3 methylation remains elusive.
Materials and methods: We generated inducible PRMT1-knockout 
(P-iKO) human embryonic stem cells (hESCs) and differentiated 
them toward pancreatic endocrine cells (ECs) with doxycycline treat-
ment. Using in vitro methylation assay, we found PRMT1 specifically 
methylates NGN3 at arginine 65. We also investigated the importance 
of arginine methylation on NGN3 stability and activity.
Results: Here, we report that protein arginine methyltransferase-1 
(PRMT1)-mediated arginine 65 methylation of NGN3 is required for 
the pancreatic endocrine development of human embryonic stem cells 
(hESCs) in vitro. We found that inducible PRMT1-knockout (P-iKO) 
hESCs did not differentiate from pancreatic EPs to ECs in the pres-
ence of doxycycline. A paucity of PRMT1 led to NGN3 accumulation 
in the cytoplasm of EPs and decreased the transcriptional activity of 

NGN3. We also found that PRMT1 specifically methylates arginine 65 
of NGN3, which is a prerequisite for ubiquitin-mediated degradation.
Conclusion: Our results indicate that arginine 65 methylation of 
NGN3 is a key molecular switch in the transition of EPs to ECs dur-
ing human pancreatic development.
Supported by: Korean Fund for Regenerative Medicine (KFRM)
Disclosure: Y. Han: None.

184
Islet allotransplantation into pre-vascularised Sernova Cell 
Pouch™: results from the first patient cohort
M. Ogledzinski, W. Lin, S. Gondek, K. Milejczyk, B. Juengel, L. 
Basto, L. Perea, L.-J. Wang, M. Tibudan, R.N. Barth, J.J. Fung, P. 
Witkowski;
University of Chicago, Chicago, IL, USA.

Background and aims: The goal of the study was to assess safety, 
tolerability and effectiveness of the prevascularized Sernova Cell 
Pouch (SCP) for pancreatic islet transplantation.
Materials and methods: Each of 6 patients with T1DM and prob-
lematic hypoglycemia received 2 cadaveric islet transplants into SCPs 
pre-implanted onto the muscles of the abdominal wall. Each trans-
plant involved open surgical access and infusion of islets into two 
8-channel SCPs and one mini sentinel SCP. Patient received thymo-
globulin/basiliximab for induction, tacrolimus and mycophenolate 
for maintenance immunosuppression.
Results: SCP implants and the combination of SCP with human 
cadaveric islets were both well tolerated with current durations 
exceeding 3 years. Wound infection resulting in device removal 
occurred after only one of 31 (3.2%) surgical procedures. Detect-
able islet function (≥0.3ng/ml peak serum c-peptide in mixed meal 
tolerance test) was achieved in 4 patients following islet transplant to 
SCP. It was correlated with transplanted islet mass of ≥3,000 IEQ/
kg per procedure. Transplantation of islet mass <3,000 IEQ/kg did 
not lead to detectable c-peptide secretion. C-peptide was detectable 
for periods ranging from days up to 12 months after the procedure. 
Three patients with suboptimal levels of immunosuppression due to 
non-compliance experienced antibody mediated rejection based on de 
novo donor specific antibodies (DSAs). One patient with DSAs had 
detectable stimulated c-peptide at 90 days post-transplant. Histologi-
cal assessment of sentinel SCPs retrieved ≥90 days post-transplant 
revealed surviving functional islets within vascularized SCP channels 
via positive immunofluorescence staining of insulin, c-peptide, gluca-
gon and somatostatin in 5 of 6 patients. Five patients received sup-
plemental intraportal islet transplants (IPITx) and all of them remain 
insulin independent (>3Y, >1Y, 5M, 4M, 3M). The sixth patient is 
awaiting an IPITx in the coming months as per protocol. Safety and 
dose-response observations from the first cohort of 6 patients led 
to the implementation of 10-channel SCPs with 50% greater trans-
plant capacity than the 8-channel configuration in a second study 
cohort. Three patients were recently enrolled in the second cohort and 
implanted with 10-channel SCPs. Two of them are currently recover-
ing from their first islet transplantation. Belatacept was introduced to 
maintenance immunosuppression in order to lower dose and toxicity 
of tacrolimus and myfortic and for improved protection from immu-
nologic rejection.
Conclusion: Interim results confirm long-term safety and toler-
ability of Cell Pouch for pancreatic islet transplantation with his-
tologically confirmed islet graft survival in five out of six patients.
Clinical Trial Registration Number: NCT03513939
Supported by: Sernova/ JDRF
Disclosure: M. Ogledzinski: None.
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ADO12, a new allogenic islet encapsulation device for islet 
transplantation without immunosuppression
A.-L. Gaffuri1, A.  Geissler1, O.  Jouannot1, X.  Gaume1, C.  Gautier1, 
Y.  Courbebaisse1, R.  Eloy1, K.  Bouzakri2, O.  Soula1;
1Adocia, Lyon, France, 2CEED, Strasbourg, France.

Background and aims: Islet transplantation is an effective cure for 
T1D but the requirement for immunosuppression makes its appli-
cation limited. ADO12 is a new implantable and fully retrievable 
scaffold for islet transplantation without immunosuppression. Stud-
ies in vitro and in diabetic rat were performed to demonstrate the 
efficacy of the implant.
Materials and methods: Device - ADO12 is a permselective hydro-
gel film that allows the diffusion of insulin, prevents antibodies and 
immune cell invasion. It is a soft biomaterial with 95% water, synthe-
tized from non-degradable polymers cross-linked by bio-orthogonal 
chemistry. It is reinforced with a suturable scaffold. In vitro encapsula-
tion - Human islets were encapsulated in ADO12. Their functionality 
was evaluated using perifusion assay up to 4 months in vitro. In vivo 
- Diabetes was induced in outbred Wistar rats by injection of 75mg/
kg of streptozotocin. Wistar rat islets were isolated and encapsulated 
in ADO12 at a density of 10-21kIEQ/mL in 1.6cm-diameter. 3 to 6 
implants per rat were implanted in intraperitoneal and intramuscular 
sites for at least 41 days. Negative control diabetic rats received empty 
ADO12. C-peptide and glycemia were monitored. In one study, they 
were explanted after 2 months, and animals were monitored for at 
least 30 extra days. Explant viability and functionality were analyzed 
in vitro and by histology.
Results: Encapsulated human islets displayed a gluco-responsive 
insulin secretion comparable to naked islets in perifusion experi-
ments after 7 days and 1 month from 20-50kIEQ/ml. Functionality 
was maintained up to 4 months after encapsulation. After implan-
tation of ADO12 in diabetic rats, circulating insulin levels in vivo 
were on average 130pM/day over 41 days (n=25 rats), a significant 
increase versus negative control (43pM/day, n=13 rats) (N=7 stud-
ies, M.W. t-test, p<0.0001). Moreover, diabetic rats having received 
ADO12 (21kIEQ/mL) displayed sustained 627pM baseline-corrected 
C-peptide secretion for 70 days. The transplanted rats showed normal 
levels of fasting glycemia. After implant removal, C-peptide secre-
tion dropped to basal levels, and rats displayed fasting hyperglyce-
mia (FIG). Implants were well tolerated with no inflammation, nor 
fibrosis, nor immune cell infiltration, and were still able to secrete 
insulin in vitro.
Conclusion: ADO12 encapsulation system offers long-term viabil-
ity and functionality of encapsulated human islets in vitro, as well 
as efficacy and long-term survival of islets in vivo. It is well tol-
erated, easily retrievable and isolating from the immune system. 
Upscaling to clinical application is ongoing.

Disclosure: A. Gaffuri: Employment/Consultancy; Adocia. Stock/
Shareholding; Adocia.
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Multi-component pancreatic islet cells-encapsulated microfiber 
grafts for treatment of diabetes
Z. Huan, L. Li;
Department of Endocrinology, Zhongda Hospital, School of Medi-
cine, Southeast University, Nanjing, China.

Background and aims: Exogenous insulin supplementation is cur-
rently the most common treatment for type 1 diabetes, end-stage type 
2 diabetes and other insulin deficiencies. However, frequent insulin 
injections not only cause physical discomfort to patients, but also 
make it difficult to avoid adverse effects such as hypoglycaemia, pos-
ing new challenges for glycaemic control in diabetes. With advances in 
cell transplantation and tissue engineering research, cell replacement 
therapy for diabetes is expected to offer new strategies for restoring 
endogenous insulin secretion. In order to maintain longer survival of 
cells transplanted into the body, more and more researches are encap-
sulating islet cells in hydrogels to achieve immune isolation and longer 
lasting graft survival.
Materials and methods: In this research, we obtained cell-laden 
hydrogel microfibers by applying a microfluidic approach, encapsu-
lating a mixture of pancreatic islet alpha cells and beta cells into a 
sodium alginate-methacrylate-hyaluronic acid solution, collecting into 
a calcium chloride solution and using blue light irradiation for fur-
ther solidification. Scanning electron microscopy (SEM) was used to 
observe the microstructure of the microfibers. Calcein AM-PI staining, 
CCK8 and other assays are used to detect the cytotoxicity and bio-
compatibility of microfibers. The permeability of the microfibers was 
verified using FITC-BSA. The glucose responsiveness of the α and β 
cells within the microfibers was demonstrated by high- and low-glucose 
stimulation, respectively. Cell-laden microfibers were further trans-
planted into diabetic mice to observe the glycaemic status and intra-
peritoneal glucose tolerance test (IPGTT) and intraperitoneal insulin 
tolerance test (IPITT) assays were performed to assess the therapeutic 
effect. Finally, the transplanted site tissues were sectioned and stained 
for HE, insulin and glucagon immunohistochemistry to see how the 
grafts functioned in vivo.
Results: The results showed that we could prepare continuous and 
controlled microfibers and that the cells could maintain good viability 
and proliferation within the microfibers, indicating that our hydrogels 
are biocompatible. The intensity of FITC-BSA fluorescence within the 
microfibers diminished over time, indicating that the smaller molecu-
lar weight of insulin and glucagon secreted by the cells could also be 
released and the pancreatic islet cells within the microfibers maintain 
a normal glucose responsiveness. Multi-cell laden microfibers were 
transplanted into diabetic model mice and achieved glycemic control 
for 6 weeks. Immunohistochemical staining of the grafts showed a 
large number of insulin and glucagon positive areas, indicating that 
our grafts acted as a glycemic control agent in vivo.
Conclusion: In conclusion, we have prepared biocompatible microfib-
ers containing pancreatic α and β cells using microfluidic methods and 
verified its glycemic control in diabetic mice, providing new ideas and 
strategies for the study of islet transplantation and glycemic control.
Supported by: 82170845
Disclosure: Z. Huan: None.
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OP 32 Obesity, liver and beyond
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The effect of five days eucaloric changes in dietary carbohydrate 
and fat availability in the regulation of hepatic lipid content in 
obese men
A. London1,2, M.M.  Richter1, K.A. Sjøberg2, N.J.W.  Albrechtsen3,4, 
M.  Povazan5, L.  Madsen6,7, J. Øyen7, S.  Madsbad1, J.J.  Holst8, G. van 
 Hall9, H.R.  Siebner5,10, E.A.  Richter2, B.  Kiens2, A.  Lundsgaard2, 
K.N. Bojsen-Møller1;
1Dept. of Endocrinology, Copenhagen University Hospital, Hvidovre, 
Denmark, 2Sect. for Molecular Physiology, Dept. of Nutrition, Exer-
cise and Sports, Uni. Of Copenhagen, Copenhagen, Denmark, 3Dept. 
of Clinical Biochemistry, Bispebjerg Hospital, Copenhagen, Denmark, 
4NNF Center for Protein Research, Uni. of CPH, Copenhagen, Denmark, 
5Danish Research Centre for Magnetic Resonance (DRCMR), Centre for 
Functional and Diagnostic Imaging and Research, Hvidovre Hospital, 
Hvidovre, Denmark, 6Laboratory of Genomics and Molecular Biomedi-
cine, Dept. of Biology, Uni. of CPH, Copenhagen, Denmark, 7Institute of 
Marine Research, Bergen, Norway, 8Dept. of Biomedical Sciences, Uni. Of 
Copenhagen, Copenhagen, Denmark, 9Clinial Metabolomics Core Facil-
ity, Clinical Biochemistry, Rigshospitalet, Copenhagen, Denmark, 10Dept. 
of Clinical Medicine, University of Copenhagen, Copenhagen, Denmark.

Background and aims: Increased liver triacylglycerol (TG) con-
tent is associated with hepatic insulin resistance and dyslipidemia. 
Carbohydrate-restricted diets lower liver TG, but are often associated 
with weight loss which will also lower liver TG. The primary aim of 
this study was to investigate the effect of five days eucaloric changes 
in dietary carbohydrate intake on liver TG and secondarily, effects on 
hepatic insulin sensitivity and whole-body lipid metabolism.
Materials and methods: 11 obese normoglycemic men (BMI 31.6±3.7 (SD) 
kg/m2, age 39±8 years, HbA1c 35±3 mmol/mol) were randomized to five 
days low-carbohydrate/high-fat diet (LC:14E% carbohydrate/70E% fat/16E% 
protein) or high-carbohydrate/low-fat diet (HC: 70E% carbohydrate/14E% 
fat/16E% protein) in a cross-over-design with 2-weeks washout. Liver TG 
was measured by 1H-Magnetic Resonance Spectroscopy, and hepatic glucose 
production (HGP) was assessed by glucose tracer infusion during hyperin-
sulinemic euglycemic clamp (insulin infusion of 12 mU/m2 body surface 
area/min). Indirect calorimetry was performed at fasting and during clamp.
Results: Liver TG decreased by 35±6% (mean±SE) after LC and was 
unchanged during HC. Body weight decreased by 1.0±0.2% during LC 
and changes in weight and liver TG did not correlate. The hepatic insu-
lin sensitivity index (HISI; inverse of  HGPfasting x [C-peptide]fasting) was 
increased 24±8% after LC, but was unchanged after HC. HGP during the 
clamp was unchanged after LC and HC. LC lowered fasting plasma TG by 
35±9% and fasting respiratory exchange ratio (0.76±0.01 to 0.72±0.03), 
and lowered the plasma fatty acid marker of de novo lipogenesis (C16:1n-7) 
by 61±5%. LC increased fasting plasma ß-hydroxybutyrate by 73%±26. 
Fasting plasma growth differentiation factor 15 (GDF15) was 10±4% higher 
after LC compared with after HC. Peripheral glucose rate of disposal during 
clamp  (Rdclamp/[insulin]clamp) did not differ during LC and HC.
Conclusion: In obese men, five days eucaloric substitution of dietary 
carbohydrates with fat lowers liver TG, improves hepatic insulin sen-
sitivity and decreases circulating plasma TG through mechanisms 
involving increased fat oxidation and ketogenesis and decreased de 
novo lipogenesis. These results underscore that liver lipid and glucose 
metabolism respond rapidly to restrictions in carbohydrate intake by 
mechanisms which are likely independent of weight loss.
Clinical Trial Registration Number: NCT04581421
Supported by: DDA (ID PhD010-19), Independent research Fund 
Denmark (0134-00176B), Novo Nordisk Foundation excellence grant 
NNF19OC0032330
Disclosure: A. London: None.
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Epigenetic and gene regulatory effects on liver metabolism in sys-
temic dyslipidaemia and insulin resistance in a preclinical model
P. Fahlbusch1,2, A.  Nikolic1,2, N.-K.  Riffelmann1,2, S.  Jacob1,2, S. 
 Hartwig1,2, U.  Kettel1,2, H. Al-Hasani1,2, J.  Kotzka1,2, B.  Knebel1,2;
1German Diabetes Center (DDZ), Leibniz Center for Diabetes 
Research, Düsseldorf, Germany, 2German Center for Diabetes 
Research (DZD), München-Neuherberg, Germany.

Background and aims: The subtype classification of patients with 
type 2 diabetes also allows for prediction of the prevalence for comor-
bidities. In this study, we aim to identify hepatic epigenetic and gene 
expression signatures of the progressive severe insulin-resistant dia-
betes (SIRD)-cluster under minimized confounder variables using a 
preclinical model.
Materials and methods: The animal model used in this study is 
the lipodystrophic aP2-SREBP-1c mouse (aP2), which exhibits 
systemic insulin resistance and ectopic lipid accumulation without 
additional intervention. Female animals at the age of 24 vs 54 weeks 
(equivalent to 20-30 vs 40-50 years of human age) are investigated 
compared to C57Bl6 mice (C57). Hepatic energy metabolism was 
investigated using extracellular flux measurements in fractions of 
enriched liver mitochondria (n=7-8 per group). Liver biopsies were 
analyzed for methylated DNA content, proteome and transcriptome 
differential expression (n=3-5 per group). Statistical analyses of 
functional data were performed with Mann-Whitney test for pair-
wise comparisons. Omics analyses were conducted with Spectro-
naut® (Biognosis), Dragen™ Bio-IT platform (DESeq2-based, 
Illumina) and gene ontology enrichment analyses (geneo ntolo gy. 
org), respectively.
Results: In comparison to C57, aP2 animals showed increased body 
weight with aggravation of the fatty liver phenotype when they age 
(difference C57 vs aP2 of mean liver weight/ body weight: young 
1.57% vs aged 5.19%, p < 0.0001). In functional studies, a complex 
II-specific dysfunction of mitochondrial respiration was observed 
with increased oxidative phosphorylation (aP2 aged: 876 (CI 95%: 
641-1110) vs C57 aged: 596 (505-687) oxygen consumption rate 
(OCR, pmol/min/U), p < 0.05) and decreased uncoupled respira-
tion (aP2 aged: 399 (358-441) vs C57 aged: 772 (744-800) OCR, 
p < 0.001). The comparison of longitudinal development in the 
proteome data showed increased abundance of methionine cycle 
components (p<0.01) in young aP2 animals, while in aged animals 
components of methionine (p<0.01) and folate cycle (p<0.05) were 
downregulated. The analysis of the activity of regulatory enzymes 
of epigenetic DNA modifications showed a reduction in young 
aP2 livers compared to C57 (sirtuins: -17%; methyltransferase: 
-20%), with simultaneous hypomethylation of hepatic DNA (-30%). 
Consequently, hepatic gene expression changes between aP2 and 
C57 during aging from metabolism-related genes in the young to 
genes of cell division and remodeling processes in aged animals: 
In young animals differential expression (n=463 up/453 down) 
associated with regulation of fatty acid, triglyceride, cholesterol, 
glucose or fructose metabolic processes (all p <0.01), while in the 
aged animals the differentially expressed genes (n=1096 up/422 
down) indicate an accumulation of chromosome condensation, kine-
tochore protein assembly and mitotic spindle assembly processes 
(all p<0.001).
Conclusion: Our data show that the metabolic status in the longitu-
dinal perspective of the preclinical SIRD model can be attributed to 
an epigenetic hypomethylation of the DNA in the young with a result-
ing change in the expression pattern of genes of metabolism towards 
genes for cellular division and remodeling processes.
Supported by: DDG
Disclosure: P. Fahlbusch: None.
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Preadipocyte-secreted Cilp1 mediates the communication of adi-
pose with liver and promotes hepatic steatosis
Y. Bi1,2, S.  Huang1,2;
1Department of Endocrinology, Endocrine and Metabolic Disease 
Medical Center, Affiliated Drum Tower Hospital, Medical School, 
Nanjing University, Nanjing, China, 2Branch of National Clinical 
Research Centre for Metabolic Diseases, Nanjing, China.

Background and aims: Adipose tissue, an essential endocrine organ, 
secretes many factors that contribute to the regulation of hepatic lipid 
metabolism. Preadipocytes are one of the dominant cell fractions 
and were previously thought to only undergo adipogenic differentia-
tion. Recent studies have shown that preadipocytes can also secrete 
bioactive factors to coordinate immune and metabolic functions, and 
thus exert a local paracrine effect in adipose tissue. However, little is 
known about whether these factors can gain access to the circulation 
to cause an endocrine effect. Therefore, this study aimed to investi-
gate whether preadipocyte-secreted factors could mediate inter-organ 
communication between adipose tissue and liver in the development 
of non-alcoholic fatty liver disease (NAFLD).
Materials and methods: Adoptive transfer assay was utilized to 
study the secretory function of adipose progenitor cell (APC) in vivo. 
Co-culture assay was conducted to assess the effect of APC on hepa-
tocellular triglyceride accumulation. Single-cell RNA sequencing of 
human APC from visceral adipose tissue was performed to identify 
APC clusters and their roles in NAFLD. Serum, omental adipose 
tissue and liver biopsy were collected from 156 Chinese participants 
with or without NAFLD. Adeno-associated virus (AAV)-treated high 
fat-diet (HFD) mice were employed for functional study.
Results: Cell adoptive transfer and in vitro co-culture experiments 
demonstrated that APC from high-fat diet feeding mice or NAFLD 
patients could induce hepatic lipid accumulation, indicating the delete-
rious effects of APC on hepatic lipid metabolism in NAFLD. Further 
single-cell RNA sequencing data identified four APC subtypes in human 
visceral adipose tissues, in which  CD9+CD55lowAPC was found as a 
novel subset and increased dramatically in NAFLD. Based on fluores-
cence-activated cell sorting (FACS) analysis, gene expression profiling, 
and mass spectrometry analysis, we found cartilage intermediate layer 
protein 1 (Cilp1) was enriched in  CD9+CD55lowAPC and dramatically 
upregulated in the adipose tissue and plasma of NAFLD patients. After 
adjustment for confounders, serum Cilp1 level was the independent risk 
factor for NAFLD, and their levels was positively associated with the 
degree of liver steatosis. Furthermore, AAV-mediated Cilp1 downregu-
lation in adipose tissue could prevent the development of HFD-induced 
liver steatosis and dyslipidemia, whereas Cilp1 overexpression promoted 
hepatic lipid accumulation in mice. At the mechanistic level, we initially 
found that recombinant Cilp1 protein significantly upregulated lipogenic 
genes in mouse primary hepatocytes.
Conclusion: We reported previously unknown mechanisms of adi-
pose tissue-liver communication in which preadipocyte-secreted 
Cilp1 could promote hepatic steatosis in obesity. This study provided 
a new insight into the understanding of inter-organ mechanisms of 
hepatic lipid homeostasis, and targeting Cilp1 might provide a prom-
ising strategy for treating NAFLD.
Supported by: NSFC, China
Disclosure: Y. Bi: None.
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Normal-weight visceral obesity promotes a higher 10-year athero-
sclerotic cardiovascular disease risk in patients with type 2 diabetes
J. Zheng1, Y.  Hu1, H.  Xu1, Y.  Lei1, J.  Zhang2, Q.  Zheng3, L.  Li4, W. 
 Tu5, R.  Chen6, Q.  Guo7, X.  Zang8, Q.  You9, Z.  Xu10, Q.  Zhou11, X. 
 Wu1;

1Zhejiang Provincial People’s Hospital, Hangzhou, China, 2Fenghua 
District Traditional Chinese Medicine Hospital of Ningbo, Ningbo, 
China, 3Yuhuan Second People’s Hospital, Taizhou, China, 4Ningbo 
First Hospital, Ningbo, China, 5Shaoxing Shangyu People’s Hospi-
tal, Shaoxing, China, 6Lishui People’s Hospital, Lishui, China, 7The 
People’s Hospital of Putuo Zhoushan, Zhoushan, China, 8Yueqing 
People’s Hospital, Wenzhou, China, 9Shaoxing People’s Hospital, 
Shaoxing, China, 10Xianju people’s hospital, Taizhou, China, 11The 
First Hospital of Jiaxing, Jiaxing, China.

Background and aims: Visceral obesity is associated with high car-
diovascular events risk in type 2 diabetes. Whether normal-weight 
visceral obesity will pose a higher atherosclerotic cardiovascular 
disease (ASCVD) risk than BMI-defined overweight or obese coun-
terparts with or without visceral obesity remains unclear. We aimed 
to investigate the relationship between general obesity and visceral 
obesity and 10-year ASCVD risk in type 2 diabetes patients.
Materials and methods: A total of 6997 type 2 diabetes patients who 
satisfied the requirements for inclusion were enrolled in this study. 
The participants were divided into six groups based on BMI and vis-
ceral fat area (VFA). The odd ratios for high 10-year ASCVD risk for 
different combinations of BMI and VFA were analyzed by stepwise 
logistic regression. The receiver operating characteristic (ROC) curves 
for diagnosing the high 10-year ASCVD risk were built, and the areas 
under the ROC curves were calculated. Potential nonlinear relation-
ships between the levels of VFA and high 10-year ASCVD risk were 
examined with restricted cubic splines. Multilinear regression was used 
to identify factors affecting VFA in type 2 diabetes patients.
Results: In type 2 diabetes patients, subjects with visceral obesity had 
the higher 10-year ASCVD risk compared with those with normal vis-
ceral fat area, regardless of BMI category (all P<0.05). Of note, normal-
weight visceral obesity patients had the highest 10-year ASCVD risk in 
six groups, which had more than a 2-fold or 3-fold higher OR than those 
who were overweight or obese according to BMI but did not have vis-
ceral obesity (OR=2.429, 95% CI: 1.413-4.175, P=0.001; OR=3.792, 
95% CI: 1.897-7.579, P<0.001). The threshold of VFA for high 10-year 
ASCVD risk was 90  cm2. Multilinear regression revealed that there were 
statistical difference in the effect of age (B=0.202, t=3.837, P<0.001), 
hypertension (B=17.070, t=14.918, P<0.001), drinking (B=9.812, 
t=7.491, P<0.001), fasting serum insulin (B=0.057, t=2.456, P=0.014), 
fasting plasma glucose (B=5.838, t=14.278, P<0.001), 2-hour postpran-
dial C-peptide (B=0.284, t=2.424, P=0.015), triglyceride (B=3.716, 
t=9.144, P<0.001), total cholesterol (B=1.531, t=2.147, P=0.032), 
high-density lipoprotein cholesterol (B=-9.469, t=-6.141, P<0.001), 
and low-density lipoprotein cholesterol (B=2.513, t=2.955, P=0.003) 
on VFA in type 2 diabetes patients.
Conclusion: Type 2 diabetes patients with normal-weight visceral obe-
sity had a higher 10-year ASCVD risk than BMI-defined overweight 
or obese counterparts with or without visceral obesity, which should 
initiate standardized management for ASCVD primary prevention.
Clinical Trial Registration Number: NCT04866667
Supported by: NSFC (81970714), the Joint Funds of the Zhejiang 
Provincial Natural Science Foundation of China under Grant No. 
LHDMZ23H070001
Disclosure: J. Zheng: None.
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Glycaemic control determines the relationship of whole-body 
insulin resistance with liver mitochondrial capacity in obesity
S. Kahl1,2, K. Straßburger3,2, G.  Pacini4, N.  Saatmann1,2, K.  Pafili1,5, 
T.  Sarabhai1,5, S.  Trenkamp1,2, I.  Esposito6, M.  Schlensak7, F.A. 
 Granderath7, M.  Roden1,5;
1Institute for Clinical Diabetology, German Diabetes Center, Dues-
seldorf, Germany, 2German Center for Diabetes Research (DZD 
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ology, German Diabetes Center, Duesseldorf, Germany, 4Independ-
ent Researcher, Padova, Italy, 5Department of Endocrinology and 
Diabetology, Heinrich-Heine-University Duesseldorf, Duesseldorf, 
Germany, 6Institute of Pathology, Heinrich-Heine-University Dues-
seldorf, Duesseldorf, Germany, 7Adipositas- und Refluxzentrum, 
Krankenhaus Neuwerk, Moenchengladbach, Germany.

Background and aims: While lower mitochondrial respiration 
tightly relates to insulin resistance in skeletal muscle, hepatic mito-
chondrial capacity can be higher in people with non-alcoholic fatty 
liver diseases (NAFLD), but reduced in type 2 diabetes. We hypoth-
esized that worsening of glycemia may associate with lower hepatic 
mitochondrial capacity already in obese insulin resistant people 
without overt diabetes.
Materials and methods: We analyzed 42 humans with obesity grade 
3 (BMI 50±7 kg/m2, HbA1c 5.4±0.4% (35±4mmol/mol) undergoing 
bariatric surgery and intraoperative liver biopsy. Glucose tolerance 
and whole-body insulin sensitivity, given as PREDIcted M index 
(PREDIM), were assessed by oral glucose tolerance tests. Hepatic 
maximal ADP-stimulated mitochondrial respiration ([ETF/CI/CII]P) 
was measured by high-resolution respirometry. All regression analy-
ses were adjusted for age, sex and BMI.
Results: Applying simple regression analysis did not detect an asso-
ciation of PREDIM with [ETF/CI/CII]P (p=0.5339). Further, inter-
action analyses revealed that the regression coefficient of [ETF/CI/
CII]P was depending on fasting blood glucose (FBG, p for interaction 
0.0049; figure 1). Respective slopes were negative for FBG ≤88 mg/
dl, but positive for FBG >88 mg/dl. Also, liver fat content interacted 
with the association of PREDIM and [ETF/CI/CII]P (p=0.0440). 
However, when combining both interactions in one model, only the 
interaction with FBG remained significant. Performing regression 
analyses in eu- and dysglycemic subgroups revealed a negative asso-
ciation of PREDIM with [ETF/CI/CII]P in euglycemia (p=0.0396), 
but not in dysglycemia (p=0.8564).
Conclusion: Onset of dysglycemia disrupts the adaptation of hepatic 
mitochondrial capacity to prevailing insulin resistance in people with 
grade 3 obesity. These findings support a role for antihyperglycemic 
treatment to preserve hepatic mitochondrial integrity and thereby 
liver health in this collective.

Clinical Trial Registration Number: NCT01477957
Supported by: The research of the authors is supported in part by 
grants from the German Federal Ministry of Health (BMG), the 
Ministry of Culture and Science of th

Disclosure: S. Kahl: Grants; German Diabetes Association (DDG; 
Menarini Projektförderung; Hans-Christian-Hagedorn-Projektförderung).
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Hepatology referral of outpatients with type 2 diabetes and sus-
pected NAFLD: comparison between EASL and AGA algorithms
T. Vidal Trecan1, L.  Castera2, T. El  Khoury2, J.-B.  Julla1, J.-P. 
 Riveline1, V.  Paradis3, D.  Valla2, J.-F.  Gautier1;
1Centre Universitaire du Diabete et de ses Complications, Lariboi-
siere Hospital, Paris, France, 2Hepatology, Beaujon Hospital, Clichy, 
France, 3Anatomopathology, Beaujon Hospital, Clichy, France.

Background and aims: There is a high prevalence of NAFLD (non 
alcoholic fatty liver disease) among patients with type 2 diabetes 
(T2D). Advanced fibrosis is the main prognostic driver associated 
with overall mortality. Recently, two algorithms have been proposed by 
EASL and American gastroenterological association (AGA) to screen 
patients with T2D at risk for NAFLD and advanced fibrosis and need a 
referral to a hepatologist. Screening of patients with T2D, who are the 
most at risk of advanced fibrosis is an unmet need. We aimed to com-
pare the performance of these two algorithms in term of hepatology 
referral in a large cohort of T2D outpatients seen in a diabetes clinic.
Materials and methods: 1572 T2D patients seen in our diabetes 
clinic between October 2019 and February 2022, were systematically 
screened for NAFLD (steatosis and/or elevated ALT) and underwent 
FIB-4 and liver stiffness measurement (LSM) by vibration-controlled 
transient elastography (VCTE). Excessive alcohol consumption and 
viral hepatitis B and C were excluded. According to EASL algorithm, 
patients with FIB-4 ≥ 1.3 should undergo VCTE and those with LSM 
≥ 8 kPa should be referred to a hepatologist. According to AGA algo-
rithm, patients with FIB-4 > 2.67 or with FIB-4 between 1.3 and 2.67 
and LSM ≥ 8 kPa should be referred to a hepatologist.
Results: The characteristics of the 1572 patients were as follows : 
male 60%; median age 61 years; BMI 29 kg/m2; waist circumference 
103 cm; HbA1c 7.6%; AST 28 IU/L; ALT 28 IU/L. A liver biopsy 
(LB) was performed in 163 patients (advanced fibrosis 30%). Com-
parison of the two algorithms is shown in the Figure. According to 
EASL, 186 (12%) should be referred to a hepatologist (LSM ≥ 8 kPa). 
The 1386 remaining patients were considered at low risk. Accord-
ing to AGA, 227 patients (15%) should be referred (132 at high risk 
(FIB-4 >2.67 or LSM > 12 kPa) and 95 at intermediate risk). The 
1345 remaining patients were considered at low risk. Among the 163 
patients with LB, the rate of false positive was higher than that of false 
negative and similar between algorithms (38%, and 15%, respectively).
Conclusion: EASL and AGA algorithms performed similarly allow-
ing to identify 12 to 15% of intermediate - high risk T2D patients, 
who should be referred a hepatologist. These numbers are higher than 
reported in the general population, highlighting the urgent need for 
screening these patients.

Disclosure: T. Vidal Trecan: None.
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The effect of a dietary intervention on insulin requirements in 
type 1 diabetes: a 12-week randomised clinical trial
H. Kahleova1, T. Znayenko-Miller1, K.  Smith1, R.  Holubkov2, N. 
 Barnard1;
1Physicians Committee for Responsible Medicine, Washington, 
DC, USA, 2University of Utah, Salt Lake City, UT, USA.

Background and aims: A plant-based has been shown to improve 
insulin resistance and glycemic control and reduce medication 
requirements and in people with type 2 diabetes. The aim of this 
study was to compare the effect of this diet with a portion-controlled 
diet in people with type 1 diabetes.
Materials and methods: Fifty-eight people with type 1 diabetes were 
randomly assigned to follow a low-fat vegan diet (vegan group, n=29), or 
a portion-controlled diet (portion-controlled group, n=29) for 12 weeks. 
The content of all meals was recorded using the Cronometer mobile 
application. Insulin sensitivity was assessed, using the carbohydrate to 
insulin ratio, which was calculated as the number of grams of total die-
tary carbohydrate to total units of insulin administered. Total insulin dose 
was calculated as a sum of basal and bolus insulin units injected per day.
Results: The consumption of carbohydrates increased in the vegan 
group by an average of 118 g/day (p=0.002), compared with no sig-
nificant change in the portion-controlled group (-18 g/day; p=0.11; 
treatment effect +137 [95% CI, +65 to +208]; p<0.001). Insulin sensi-
tivity increased in the vegan group by 6.2 on average (p=0.002), com-
pared with no significant change in the portion-controlled group (-0.8; 
p=0.32; treatment effect +7.0 [95% CI, +3.1 to +10.9]; p=0.001). Total 
daily dose of insulin decreased by 28%, specifically by 12.1 units/day 
in the vegan group (p=0.007), compared with no significant change in 
the portion-controlled group (-1.4 units/day; p=0.66; treatment effect 
-10.7 [95% CI, -21.3 to -0.2]; p=0.046). HbA1c decreased by 0.8% in 
the vegan group (p<0.001) and by 0.6% in the portion-controlled group 
(p=0.002; treatment effect -0.2 [-0.7 to +0.2]; p=0.34). Total cholesterol 
decreased by 32.3 mg/dL in the vegan group (p<0.001) and by 10.9 mg/
dL in the portion-controlled group (p=0.03; treatment effect -21.4 mg/
dL (-35.6 to -7.2; p=0.004). LDL cholesterol decreased by 18.6 mg/dL 
in the vegan group (p<0.001) and did not change significantly in the 
portion-controlled group (treatment effect -9.1 mg/dL (-22.6 to +4.5; 
p=0.18). Triglycerides did not change significantly in either group. Blood 
urea nitrogen decreased by 6.0 in the vegan group (p<0.001) and did not 
change significantly in the portion-controlled group (treatment effect 
-5.2 mg/dL (-7.9 to -2.5; p<0.001). Blood urea nitrogen to creatinine 
ratio decreased by 5.1 mg/dL in the vegan group (p<0.001) and did not 
change significantly in the portion-controlled group (treatment effect -6.7 
(-10.7 to -2.6; p=0.002).
Conclusion: This study suggests that a low-fat vegan diet may have 
beneficial effects on insulin sensitivity, insulin requirements, glycemic 
control, and markers of cardiovascular and renal health in people with 
type 1 diabetes compared with a portion-controlled diet and may be 
used in the management of type 1 diabetes. Larger trials are needed to 
confirm these findings.
Clinical Trial Registration Number: NCT04944316
Supported by: PPCRM and Institute for Technology in Healthcare
Disclosure: H. Kahleova: None.
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The effect of carbohydrate intake on glycaemic control in type 1 
diabetes: a randomised cross-over study
S. Sterner Isaksson1,2, A.F. Ólafsdóttir1, S.  Ivarsson1, H.  Imberg3,4, 
E.  Toft5,6, S. Hallström1,7, U.  Rosenqvist8, M. Ekström2, M.  Lind1;

1Institution of Medicine, Department of Molecular and Clinical Medi-
cine, Sahlgrenska Academy, University of Gothenburg, Gothenburg, 
Sweden, 2Department of Medicine, NU Hospital Group, Uddevalla, 
Sweden, 3Statistiska konsultgruppen, Gothenburg, Sweden, 4Depart-
ment of Mathematical Sciences, Chalmers University of Technology 
and University of Gothenburg, Gothenburg, Sweden, 5Department of 
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Background and aims: Few studies have examined the effects of 
lower carbohydrate diets in persons with type 1 diabetes (T1D) and 
results are conflicting. The aim of this study was to evaluate the 
effects of carbohydrate intake on glucose control in adults with T1D.
Materials and methods: 54 adults with T1D and inadequate glycemic 
control (HbA1c ≥58mmol/mol) were randomized to start with either a 
moderate carbohydrate diet (30% of total energy from carbohydrates) 
or a traditional diabetes diet with higher carbohydrate content (50% of 
total energy from carbohydrates) for 4 weeks with a wash-out period of 
4 weeks in a cross-over design. Masked continuous glucose monitoring 
was used throughout the study to evaluate effects on glucose control. 
The primary endpoint (difference in mean blood glucose levels between 
the diet periods) and secondary endpoints (including time in range, TIR, 
and time above range, TAR) were defined before enrolment.
Results: 50 patients were included in the full analysis set with a mean 
(SD) baseline HbA1c 69 (11) mmol/mol, BMI 29 (5), age 48 (14)
years, and 50 % were females. The difference in mean blood glucose 
levels between moderate carbohydrate diet and traditional diabetes 
diet was -0.6 mmol/L (95% CI -0.9 to -0.3, p=0.001). There was also 
a significant difference in TIR; 4.7% (95% CI 1.3 to 8.0, p=0.008), 
TAR (>10 mmol/L) -5.9% (95% CI -9.6 to -2.2, p=0.003), and no sig-
nificant difference in time in hypoglycemia<3.0 mmol/L 0.6% (95% 
CI -0.4 to 1.6, p=0.26).
Conclusion: This study shows that a diet with moderate amount of 
carbohydrates is more effective than the traditional diabetes diet with 
higher amount of carbohydrates to decrease mean blood glucose lev-
els, time above range and increase time in range without increased 
risk of hypoglycemia.
Clinical Trial Registration Number: NCT03400618
Supported by: The Healthcare Board, VGR, The Dr. P Håkansson 
Foundation, The Swedish state (ALF agreement)
Disclosure: S. Sterner Isaksson: None.
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Effect of intestinal exposure to endogenous bile acids on the incre-
tin axis in type 2 diabetes
C. Xie, W. Huang, M. Bound, J. Grivell, K. Jones, M. Horowitz, C. 
Rayner, T. Wu;
Level 5, Adelaide Health and Medical Sciences Building, The Uni-
versity of Adelaide, Adelaide, Australia.

Background and aims: Bile acids, previously regarded simply as 
‘intestinal detergents’ for fat digestion, are now recognised as regu-
lators of glucose homeostasis. Exogenous bile acids stimulate secre-
tion of the incretin hormone, glucagon-like peptide-1 (GLP-1), but 
the impact of endogenous bile acids on the incretin axis remains to 
be determined. We evaluated the effects of both proximal and distal 
intestinal exposure to endogenous bile on blood glucose and plasma 
C-peptide, insulin, glucagon, GLP-1, glucose-dependent insulinotropic 
polypeptide (GIP) and fibroblast growth factor 19 (FGF-19, a hormone 
coupled with ileal bile acid absorption) in type 2 diabetes (T2D).
Materials and methods: Ten subjects with well-controlled T2D managed 
by diet and/or metformin (9 males, age 68.4 ± 2.5 years; BMI 28.5 ± 1.2 
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kg/m2, HbA1c 6.6 ± 0.2%, duration of known diabetes 10.5 ± 2.3 years) 
were studied on 3 separate days in a single-blind, randomised, crossover 
design. On each day, a multi-lumen naso-intestinal catheter was positioned 
with an occlusive balloon in the distal duodenum, followed by continu-
ous jejunal infusion of a glucose solution at 3 kcal/min over 90 min (i.e. 
t = 0 - 90 min). Between t = 0 - 180 min, endogenous bile was aspirated 
proximal to the balloon, and was either (i) withheld to exclude the intestine 
from exposure, or re-infused distal to the balloon into (ii) the jejunum (~50 
cm from pylorus) or (iii) proximal ileum (~190 cm from pylorus). Blood 
was sampled frequently for measurements of blood glucose and plasma 
total GLP-1 and GIP, insulin, glucagon, and FGF-19. Repeated measures 
ANOVA was used to compare the differences between exclusion of endog-
enous bile and jejunal exposure to endogenous bile, and between jejunal 
and ileal exposure to endogenous bile. Data are means ± SEM.
Results: Excluding the small intestine from exposure to endogenous 
bile reduced plasma FGF-19, GLP-1, insulin and C-peptide concen-
trations substantially when compared to jejunal exposure (each P < 
0.05), but did not affect blood glucose, plasma GIP or glucagon con-
centrations (all P > 0.1). There were no significant differences in blood 
glucose, plasma FGF-19, GLP-1, GIP, insulin, C-peptide or glucagon 
between jejunal and ileal exposure to endogenous bile (each P > 0.1).
Conclusion: Exposure of the small intestine to endogenous bile in 
T2D stimulates FGF-19 and GLP-1 substantially, to boost insulin 
secretion in response to luminal glucose; these effects appear inde-
pendent of the region of the small intestine exposed.

Clinical Trial Registration Number: ACTRN12619001086156
Supported by: Diabetes Australia/ Royal Adelaide Hospital
Disclosure: C. Xie: Employment/Consultancy; Royal Adelaide Hos-
pital. Grants; Diabetes Australia.
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The effect of dietary branched-chain amino acid restriction dur-
ing forearm immobilisation on whole-body and muscle insulin 
sensitivity
M.L. Dirks1,2, T.S.O.  Jameson1, L.  Domingos1, R.C.  Andrews3, F.B. 
 Stephens1;
1Public Health and Sports Sciences, University of Exeter, Exeter, 
UK, 2Human and Animal Physiology, Wageningen University, Wage-
ningen, Netherlands, 3Institute of Biomedical and Clinical Science, 
University of Exeter Medical School, Exeter, UK.

Background and aims: Periods of muscle disuse, e.g. during illness or 
following injury, lead to muscle atrophy and the development of muscle 
insulin resistance (IR). This disuse-induced insulin resistance occurs 
rapidly and is accompanied by accumulation of branched-chain amino 
acids (BCAAs) in skeletal muscle. Importantly, increased circulating 
BCAA concentrations are predictors of IR and the later development 

of type 2 diabetes. The aim of the present study was to investigate the 
effect of dietary BCAA restriction on whole-body and forearm IR dur-
ing 2 days of forearm immobilisation.
Materials and methods: Twenty-four healthy males and females were 
randomised into parallel control (CON; 4/8 f/m, 21±1 yrs, BMI 23.2±0.6 
kg/m2) or BCAA restricted (BCAA-; 5/7 f/m, 21±1 yrs, BMI 22.7±0.7 
kg/m2) groups. All participants underwent 48 h of unilateral forearm cast 
immobilisation, an experimental model of IR, with metabolic test days 
conducted prior to and immediately following immobilisation. For two 
days prior to the baseline test day all participants received an isocaloric 
low protein diet supplemented with 4 amino acid (AA) drinks per day 
(24±1 g per drink), such that the total diet provided 56±1 en% carbohy-
drate, 28±0 en% fat and 16±0 en% protein (1.5 g/kg body mass (BM)/day 
protein; 10.3±0.2 g leucine, 4.3±0.1 g isoleucine and 5.5±0.1 g valine 
per day). The same diet was consumed by CON during immobilisation, 
whereas the BCAA- group received drinks without BCAA on both days 
(total diet providing 1.5 g/kg BM/day protein; 0.4±0.0 g leucine, 0.2±0.0 
g isoleucine, 0.4±0.0 g valine per day). On each test day whole-body glu-
cose disposal rate (GDR) was assessed during a 2.5 h hyperinsulinaemic 
(50 mU/m2/min)-hyperaminoacidaemic (0.11 g/kg/h)-euglycaemic clamp. 
Whole-body substrate oxidation via indirect calorimetry and forearm glu-
cose uptake (FGU) via the arterialized venous-deep venous forearm bal-
ance method were assessed at basal and under clamp conditions.
Results: Whole-body GDR during the last 30 mins of clamp was 
unchanged by immobilisation in CON (from 45.2±4.4 to 47.2±4.1 
mg/kg; P>0.05) and decreased in BCAA- (from 42.3±4.1 to 36.0±3.2 
mg/kg; P=0.022). Immobilisation led to a respective 103±28% and 
59±12% decrease in basal and insulin stimulated FGU in CON 
(P<0.001) and was unaffected by diet. Immobilisation increased and 
clamps suppressed whole-body fat oxidation (both P<0.05) with no 
effect of diet. Whole-body energy expenditure and fasting blood glu-
cose were unaffected by immobilisation or diet.
Conclusion: A BCAA-restricted diet consumed during 2 days of 
forearm immobilisation induces whole-body IR during a hyperin-
sulinaemic-hyperaminoacidaemic-euglycaemic clamp. This was not 
associated with an exacerbated decline in FGU of the immobilised 
forearm, suggesting a BCAA-restricted diet in healthy individuals 
may impair insulin sensitivity of non-immobilised skeletal muscle 
in response to amino acid infusion.
Clinical Trial Registration Number: NCT04626401
Supported by: Wellcome Trust 209198/Z/17/Z to Dr Marlou Dirks
Disclosure: M.L. Dirks: None.

197
The effect of adding different volumes of exercise training to diet-
induced weight loss on body composition in persons with type 2 
diabetes
C. Durrer1, M.P.P. Lyngbæk1, G.E.  Legaard1, N.S.  Nielsen1, T.P. 
 Almdal2, M.A.V.  Lund3, B.  Liebetrau1, C.  Ewertsen4, C.  Lauridsen4, 
T.T.  Soloman5, K.  Karstoft1, B.K.  Pedersen1, M. Ried-Larsen1;
17641, Rigshospitalet, Copenhagen, Denmark, 2Department of Endo-
crinology, Rigshospitalet, Copenhagen, Denmark, 3Department of Bio-
medical Sciences, University of Copenhagen, Copenhagen, Denmark, 
4Department of Radiology, Rigshospitalet, Copenhagen, Denmark, 
5Blazon Scientific, London, UK.

Background and aims: Weight loss has been added to clinical prac-
tice guidelines as a treatment target for hyperglycemia and is also 
implicated in type 2 diabetes (T2D) reversal; however, it is likely the 
loss of fat-mass (FM) rather than weight loss per se, that is beneficial. 
Diet-induced weight loss leads to reduced fat-free mass (FFM), which 
could be detrimental for glycemic control in T2D. As such, combining 
exercise with diet-induced weight loss to retain FFM could lead to more 
favorable changes in body composition than diet alone. Nevertheless, 
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data regarding changes in FM and FFM in the context of a hypocaloric 
diet with exercise is sparse and it is unclear whether exercise can offset 
a hypocaloric diet concerning FFM loss. Accordingly, the aims of this 
secondary analysis were to assess the effects of different exercise vol-
umes in combination with diet-induced weight loss on FM percentage 
(FM%) and FFM in persons with diagnosed T2D.
Materials and methods: In this secondary analysis of a 16-week four-armed 
randomized trial, 82 persons (35% females) living with T2D were randomly 
allocated to standard care (n=21, CON), caloric restriction (25% energy 
deficit; n=20, DCON), DCON + exercise 3 times/week (n=20, MED), or 
DCON + exercise 6 times/week (n=21, HED). The primary outcome was 
the change in FM% points (FM%p). Secondary outcomes included changes 
in FFM (absolute) and visceral adipose tissue (VAT) volume. Data were 
analyzed via a constrained baseline mixed effects linear model. If data were 
log-transformed, mean differences are presented as percentages.
Results: Baseline mean age was 58.2 ± 9.8 years, T2D duration was 4.0 
years (interquartile range 1.9 to 5.5), and body weight was 101.4 ± 14.6 
kg. Following the intervention, FM%p was changed by -3.5%p [95% CI 
-5.6 to -1.4]; p=0.002 in DCON, -6.3%p [95%CI -8.4 to -4.1]; p<0.001 
in MED, and -8%p [95% CI -10.2 to -5.8]; p<0.001 in HED. It was fur-
ther reduced in MED (-2.8%p [95% CI -4.9 to -0.7]; p<0.001) and HED 
(-4.5%p [95% CI -6.6 to -2.4]; p<0.001. Absolute FFM was reduced 
following the intervention in DCON (-2.7% [95% CI -4.4 to -0.9]; 
p=0.003) and MED (-1.9% [95% CI -3.7 to -0.1]; p=0.04) compared 
to CON; however, there was no reduction in absolute FFM in HED 
(-0.2% [95% CI -2.0 to 1.7]; p=0.9). VAT volume was also reduced in 
all intervention groups compared to CON (DCON: -666.0cm3 [95% 
CI -1109.4 to -313.1], MED: -1264.0cm3 [95% CI -2129.3 to -725.2], 
HED: -1786.4cm3 [95% CI -2380.5 to -1131.5]). There were also greater 
VAT reductions in MED (-598.1cm3 [95% CI -1444.1 to -9.0]) and HED 
(-1120.4cm3 [95% CI -1664.9 to -332.2]) compared to DCON.

Conclusion: All interventions were superior in reducing FM%p and 
VAT compared to CON. Adding exercise to caloric restriction was 
superior in reducing FM and VAT compared to caloric restriction 
alone. FFM was also reduced following caloric restriction alone and 
with 3 sessions of exercise a week but was unchanged when partici-
pating in 6 exercise sessions per week. These findings suggest that 
the negative effects of caloric restriction on FFM can be ameliorated 
by relatively large volumes of concomitant exercise.
Clinical Trial Registration Number: NCT03769883
Supported by: TrygFonden, Svend Andersen fonden, CIHR
Disclosure: C. Durrer: Grants; TrygFonden, Svend Andersen Fonden.
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The effect of circuit training, empagliflozin or "vegeterranean diet" 
on metabolic and physical functions in older adults with type 2 
diabetes (CEV-65 trial)
A. Buch1,2, O.  Kis1, Y.  Greenman1, N.  Stern3, R.  Eldor1;
1Institute of Endocrinology, Metabolism, Diabetes and Hyperten-
sion Tel Aviv Medical Center, Tel-Aviv, Israel, 2Nutritional Sciences, 
School of Health Sciences, Ariel University, Ariel, Israel, 3The Sagol 
Center for Epigenetics of Metabolism and Aging, Tel Aviv Sourasky 
Medical Center, Tel-Aviv, Israel.

Background and aims: Older adults with type 2 diabetes 
(T2DM) are at high risk for functional decline and sarcopenia. 
Aim: to assess the effects of three interventions associated with a 
negative energy balance: 1) circuit resistance training (CRT); 2) 
empagliflozin, and 3) plant-based Mediterranean diet ("vegeter-
ranean") on metabolic and physical functions in older subjects 
with T2DM.
Materials and methods: 100 older adults (≥65 years) with T2DM 
and low levels of physical activity were randomized to three arms 
for 10 weeks: minimally-supervised (two sessions) CRT consisting 
of 3 home sessions/week; "vegeterranean" diet (VegMedD) - car-
bohydrates limited, with avoidance of red meat and poultry and 
daily recommendation of 1-2 servings of legumes or 10 mg/day 
empagliflozin. Compliance was monitored using a self-reported 
log (>67% of intentional workouts), return of remaining tablets 
(≥ 80% considered as good compliance), and a validated Mediter-
ranean-diet adherence questionnaire. Efficacy was determined by 
metabolic measures (glycemic control and body composition) and 
functional parameters.
Results: 83 participants (58% women, n=29 for empagliflozin 
and VegMedD and n=25 for CRT) aged 69.5± 4.6 years with a 
mean BMI of 32±6 kg/m2; 42±7 % fat and mean HbA1c levels 
of 7.4±1.2 % completed 10 weeks. Compliance was as follows: 
1) 81% in CRT; 2) 94% in empagliflozin 3) 100% in VegMedD 
(mean score 9.25 at baseline increased to 11.92). HbA1c change was 
similar between empagliflozin and VegMedD (-0.5%; -0.9% in men 
receiving empagliflozin), with no change in CRT (p<0.05). Insulin 
decreased mostly by empagliflozin (-2.19 MCU/ML vs. -0.49 in 
VegMedD and +0.48 CRT, p<0.05). VegMedD resulted in the high-
est decrease of fat compared to empagliflozin and CRT (-2.18 kg 
vs. -0.75 kg vs. +0.21 kg, respectively, p<0.05). However, skeletal 
muscle mass slightly decreased in VegMedD (-0.05 kg) compared 
to gains in empagliflozin and CRT (+0.17 kg, +0.25 kg). All meta-
bolic changes were more prominent among men. Functional abil-
ity improved in CRT participants -mainly among women- with an 
increase in 30-sec chair raise [from 10.88 repetitions to 12.38 (+1.8 
among women)]. In contrast, a decline was noticed in VegMedD and 
empagliflozin (-0.15 and -0.56 repetitions, respectively, p<0.05). 
Knee extension only in CRT (+1.33 kg) as compared to a decrease 
in knee extension strength in VegMedD and empagliflozin groups 
(-1.66 and -2.07 kg, respectively, p<0.05). Subjects who reduced 
their HbA1c more than the mean decline in the total cohort lost 
more fat, less muscle and handgrip strength, and improved more 
their functional ability.
Conclusion: Older adults with T2DM receiving short-term (10 
weeks) empaglif lozin or VegMedD improved similarly regard-
ing metabolic control. These therapies, though, had a functional 
decline tradeoff as moderate declines in muscle strength and 
functional ability were observed. 10 weeks of CRT was ineffi-
cient for glycemic control but resulted in functional ability gains. 
Older adults with T2DM receiving glycemic potent therapies such 
as diet or empagliflozin may benefit from the addition of resist-
ance training in a circuit manner in terms of physical function 
preservation.
Clinical Trial Registration Number: NCT03560375
Disclosure: A. Buch: None.
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Preservation of thalamic mitochondrial and neuronal function in 
Painful-Diabetic Peripheral Neuropathy: a multi-modal cerebral 
imaging study
G. Sloan1, D.  Selvarajah1, A.  Anton2, K.  Teh2, I.D.  Wilkinson2, S. 
 Tesfaye1;
1Department of Oncology and Metabolism, University of Sheffield, 
Sheffield, UK, 2Academic Unit of Radiology, University of Sheffield, 
Sheffield, UK.

Background and aims: Previous neuroimaging studies have high-
lighted thalamic structural and vascular alterations in Painful-
Diabetic Peripheral Neuropathy (DPN). In this study, we present a 
multi-modal MRI study to determine the structure, and neuronal and 
mitochondrial function of the thalamus in Painful-DPN.
Materials and methods: A total of 49 participants were enrolled, 38 
with type 2 diabetes (9 without DPN [No-DPN]; 11 with Painless-DPN; 
and 18 with Painful-DPN) and 11 healthy volunteers (HV). Participants 
underwent detailed clinical and neurophysiological assessments, and 
MR imaging of the thalamus including: Proton-Magnetic Spectroscopy 
(1H-MRS); 31-Phosphorus MRS (31P-MRS); and brain morphomet-
ric analysis. We calculated the metabolite ratios N-acetyl aspartate to 
choline (NAA:Cho), a measure of neuronal function, and inorganic 
phosphate (Pi) to ATP (Pi:ATP), a measure of mitochondrial function.
Results: Here were no significant differences in thalamic volume 
between groups (ANOVA, p=0.927). There were significant group 
effects in both metabolite ratios: NAA:Cho (ANOVA, p=0.013); 
Pi:ATP (p=0.021). The NAA:Cho was numerically the lowest in 
Painless-DPN, reaching significance compared with HV (p=0.001) 
and Painful-DPN (p=0.019). Additionally, the Pi:ATP was signifi-
cantly higher in Painless-DPN compared with HV (p=0.013) and 
Painful-DPN (p=0.008). There was also a significant correlation 
between the NAA:Cho and Pi:PCr (Pearson’s r -0.336, p=0.034).
Conclusion: This is the first study to perform 1H- and 31P-MRS 
in human DPN. We have demonstrated altered 1H- and 31P-MRS 
ratios in Painless- but not Painful-DPN, suggesting that mitochondrial 
dysfunction may underly thalamic neuronal dysfunction in Painless-
DPN. However, in Painful-DPN, preservation of thalamic mitochon-
drial and neuronal function may be involved in the maintenance of 
neuropathic pain signaling.
Disclosure: G. Sloan: None.

200
Association of microvascular complications with reduced neu-
ronal activity and cognitive impairment in type 2 diabetes: a 
resting-state fMRI study
W. Wang1, X.  Yang1, B.  Lu1, P.  Gu1, X.  Hui2, J.  Shao1;
1Department of Endocrinology, Jinling Hospital, School of Medicine, 
Nanjing University, Nanjing, China, 2School of Biomedical Sciences, 
The Chinese University of Hong Kong, Hong Kong, China.

Background and aims: Adults with type 2 diabetes are at an increased 
risk of developing microvascular complications including diabetic 
nephropathy, retinopathy and neuropathy. Recently, more and more 
imaging studies of type 2 diabetes mellitus have reported structural and 
functional abnormalities in a variety of spatially diverse brain regions. 
The complex network in the human brain is the physiological basis for 
information processing and cognitive expression. Increasing amounts 
of data suggest that diabetes-related microvascular dysfunction is 
associated with a higher risk of cognitive impairment. However, the 

underlying mechanism is still unclear. This study aimed to investigate 
whether microvascular complications were associated with cognitive 
performance and brain dynamics in patients with type 2 diabetes mel-
litus (T2DM) based on resting-state fMRI analysis.
Materials and methods: Ninety eight patients with T2DM (55 
diabetic patients without microvascular complications(DM) and 43 
diabetic patients with microvascular complications(DM-C)) were 
recruited for Montreal Cognitive Assessment test (MoCA), Mini-
Mental State Examination (MMSE), Self-Rating Anxiety Scale 
(SAS), Self-Rating Depression Scale (SDS) and neural activity of 
brain which was measured by rest-state function MRI (rs-fMRI).
Results: Diabetic patients with microvascular complications displayed 
a significantly decreased score on Montreal Cognitive Assessment test 
(MoCA), compared to the DM group (P=0.048). No notable disparity 
in Mini-Mental State Examination (MMSE), Self-Rating Anxiety Scale 
(SAS) and Self-Rating Depression Scale (SDS)was observed between 
the two groups when analyzed(P>0.05). Among rs-fMRI parameters, 
no significant difference was observed in gray matter volume. And 
meanwhile, mean amplitude of low-frequency fluctuations (mALFF) 
significantly decreased in the right cuneus, right calcarine, right supe-
rior occipital gyrus, right inferior occipital gyrus,and bilateral precentra 
in diabetic patients with microvascular complications, compared to DM 
patients. Futhermore, compared with DM patients, Diabetic patients 
with microvascular complications patients showed a significantly 
decreased mean regional homogeneity (mReho) in the left hippocampu, 
bilateral calcarine, left inferior occipital gyrus, and increased mReho 
in the left middle frontal gyrus. The mReho were positively correlated 
with MoCA (P = 0.009, r = 0.264) in diabetic patients.
Conclusion: Our findings suggest that diabetic patients with micro-
vascular complications displayed more impaired cognition. Decreased 
neuronal activity in visual network and memory center was well cor-
related with diabetes-related microvascular dysfunction.
Disclosure: W. Wang: None.

201
Lipid parameters and risk of diabetic polyneuropathy in type 2 
diabetes: a Danish cohort study
F.P.B. Kristensen1, D.H.  Christensen1, B.C.  Callaghan2, H.T. 
Sørensen1, R.W.  Thomsen3;
1Department of Clinical Epidemiology, Aarhus University and Aarhus 
University Hospital, Aarhus, Denmark, 2Department of Neurology, 
University of Michigan, Ann Arbor, MI, USA, 3Department of Clini-
cal Epidemiology, Aarhus University, Aarhus, Denmark.

Background and aims: Diabetic polyneuropathy (DPN) is a seri-
ous complication of type 2 diabetes (T2D) and a major cause of foot 
ulcers and amputations. Updated clinical guidelines from the Ameri-
can Diabetes Association emphasize that lowering blood lipids may 
aid in prevention of DPN. However, the precise association between 
specific blood lipid parameters and DPN remains unknown. We 
investigated the association of triglycerides, high-density lipoprotein 
(HDL) cholesterol, low-density lipoprotein (LDL) cholesterol, and 
total cholesterol with hospital-diagnosed DPN.
Materials and methods: Using population-based medical registries, 
we conducted a cohort study of 59,137 newly diagnosed T2D patients 
residing in Northern Denmark during 2005-2017. Lipid values were 
assessed one year after T2D diagnosis (the study index date for start 
of follow-up). DPN was identified using validated hospital diagnosis 
codes. We followed patients for incident DPN for up to 15 years, 
until death, emigration, or study end (April 30, 2021). We used Cox 
regression and restricted cubic splines to compute hazard ratios (HRs) 
for DPN, adjusted for age, sex, calendar year, hypertension, obesity, 
smoking, lipid- and glucose-lowering drug therapy, HbA1c, eGFR, 
comorbidities, and markers of health care utilization.
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Results: During median follow-up of 7.3 years, 1,544 patients had 
hospital-diagnosed DPN (incidence rate = 3.6 per 1000 person-years). 
LDL and total cholesterol had no association with DPN, neither in con-
tinuous splines analyses nor using guideline cut-off levels. Compared 
with LDL cholesterol <1.8 mmol/L, the adjusted HR was 1.04 (95% 
CI 0.91-1.19) for LDL cholesterol between 1.8-2.59 mmol/L and 1.00 
(95% CI 0.87-1.15) for levels ≥2.6 mmol/L. In contrast, we observed a 
linearly increasing association with DPN for triglyceride levels above 
1.4 mmol/L and for HDL cholesterol levels above 1.5 mmol/L. When 
using guideline-specific cut-off levels, the adjusted HRs for DPN were 
1.04 (95% CI 0.91-1.19) for triglyceride levels of 1.7-2.3 mmol/L, and 
1.22 (95% CI 1.07-1.38) for triglyceride levels ≥2.3 mmol/L, com-
pared with triglyceride levels <1.7 mmol/L. When we additionally 
adjusted for HDL and LDL cholesterol values, the triglyceride associa-
tion increased to HRs of 1.12 (95% CI 0.97-1.28) for levels of 1.7-2.3 
mmol/L and 1.34 (95% CI 1.17-1.53) for levels ≥2.3 mmol/L. For HDL 
cholesterol, levels <1.0 mmol/L were not associated with increased 
DPN (adjusted HR 0.98 [95% CI 0.87-1.12]), compared with guideline 
cut-off ≥1.0 mmol/L. Additionally adjusting for triglycerides and LDL 
cholesterol did not materially change the association. The results were 
similar among statin users and nonusers.
Conclusion: This study provided evidence that elevated triglyceride 
levels and possibly high HDL cholesterol, but neither LDL nor total 
cholesterol, are associated with increased risk of DPN. Our findings 
support a link between elevated triglycerides and DPN and may enable 
clinicians to improve DPN risk assessment in patients with early T2D.
Supported by: Aarhus University
Disclosure: F.P.B. Kristensen: None.

202
Preclinical efficacy of the novel GPR40 agonist CPL207-280 in 
neuropathy
T. Jaworski1, M.  Janiszewski1, P.  Buda1, V.  Vialichka1, K. Bazydło-
Guzenda1, M.  Mach1, K. Gałązka1, J.  Dominowski1, M. Górka1, K. 
Sałat2, P.  Popik3, K.  Dubiel1, J.  Pieczykolan1, M.  Wieczorek1;
1Celon Pharma, Kazun Nowy, Poland, 2Jagiellonian University, 
Kraków, Poland, 3Maj Institute of Pharmacology, Kraków, Poland.

Background and aims: Neuropathic pain is a chronic condition 
resulting from the dysfunction of the somatosensory nervous system 
producing allodynia and hyperalgesia. It is the most common com-
plication of diabetes, among other conditions. We have synthesized 
the CPL207280-51 compound, a GPR40 receptor agonist, with potent 
antidiabetic activity in T2D models. Since GRP40 agonists reduce 
allodynia in animal models of neuropathic pain, we analyzed the 
efficacy of CPL207280-51 in neuropathy.
Materials and methods: The in vivo distribution of orally administered 
CPL207280-51 (metformin salt) (3, 30, and 100 mg/kg) to the brain 
and spinal cord, and its pharmacokinetics were analyzed in BALB/c 
mice and Wistar rats using LC-MS/MS. The effect of CPL207280-51 
on tactile allodynia in neuropathic (STZ-treated) mice was tested using 
the von Frey test. The effect of CPL207280-51 on the heat nociceptive 
threshold in STZ-treated mice was assessed using the hot plate test. 
Baseline (predrug) values of pain sensitivity were obtained before the 
mice were orally pretreated with CPL207280-51. Postdrug values were 
obtained at 30 min, 2 h, 7 h, 12 h, and 24 h and compared to pregaba-
lin. Potential CPL207280-51 abuse was studied in Sprague-Dawley rats 
by Conditioned Place Preference and Drug Discrimination induced by 
morphine or THC. CPL207280-51 either alone or in combination with 
morphine or THC was administered before conditioning sessions.
Results: CPL207280-51 was quickly absorbed reaching higher 
plasma and CNS concentrations in mice than in rats within 15 min 
and declining thereafter. In STZ-neuropathic mice, oral administra-
tion of CPL207280-51 (30mg/kg) increased mechanical nociceptive 

threshold after 2h (p < 0.01), 7h (p < 0.05) and 12 h (p < 0.0001 
vs. predrug paw withdrawal threshold). This antiallodynic effect of 
CPL207280-51 was separated from its metformin content. Mechanisti-
cally, the antiallodynic effect of CPL207280-51 was lowered by pre-
treatment with Rimonabant (CB1 receptor antagonist) (p < 0.01) and 
Naltrexone (μ-opioid receptor antagonist) (p < 0.001). In contrast, the 
heat nociceptive threshold was not affected by CPL207280-51. Next, 
a screen of 11 models of pain (acute & tonic, neuropathic, inflamma-
tory, post-operative, and visceral pain) in rats indicated an analgesic 
action of CPL207280-51 in the oxaliplatin model of neuropathic pain. 
We confirmed this in a separate study in oxaliplatin-treated rats receiv-
ing CPL207280-51. CPL207280-51 (100 mg/kg) increased mechani-
cal nociceptive threshold after 2h (p < 0.001), 4h (p < 0.0001), and 
7 h (p < 0.0001) compared to the vehicle. In the drug abuse study, 
CPL207280-51 alone produced neither rewarding nor aversive effects. 
When given instead of morphine or THC, CPL207280-51 did not pro-
duce morphine- or THC-like responses. Interestingly, when given prior 
to morphine or THC, CPL207280-51 partially inhibited morphine- or 
THC-like responses. In none of the treatments, CPL207280-51 caused 
adverse effects and was well tolerated throughout the studies.
Conclusion: CPL207280-51 displays potent anti-allodynic activity in 
models of neuropathy involving the action of CB1 and opioid recep-
tors without producing addiction.
Supported by: POIR.01.01.01-00-1323/20
Disclosure: T. Jaworski: None.
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Prevalence of diabetic neuropathies in individuals with type 1 
and type 2 diabetes in a tertiary outpatient clinic: the DANES 
cohort study
H. Mizrak1, H.  Kufaishi1, S.K.  Hecquet1, T.W.  Hansen1, R. Pop-
Busui2, P.  Rossing1, B.  Brock1, C.S.  Hansen1;
1Steno Diabetes Center Copenhagen, Herlev, Denmark, 2Department 
of Internal Medicine, Division of Metabolism, Endocrinology and 
Diabetes, Ann Arbor, MI, USA.

Background and aims: Distal symmetrical polyneuropathy (DPN) 
and diabetic autonomic neuropathy (DAN) are common and severe 
complications to diabetes. Global prevalence estimates vary in part 
due to variations in screening modalities.
Materials and methods: We investigated the prevalence of DPN, car-
diovascular autonomic neuropathy (CAN) and gastroparesis in indi-
viduals with type 1 diabetes (T1D) and type 2 diabetes (T2D) using a 
broad array of diagnostic modalities. DPN was evaluated using vibration 
perception threshold (VPT), sural nerve function, touch sensation, pain 
sensation, thermal sensation and sudomotor function. Definite DPN was 
defined based on the Toronto Consensus Criteria based on a combina-
tion of abnormal sural nerve conduction velocity/amplitude or abnormal 
sudomotor function and signs (abnormal VPT/touch sensation/pain sen-
sation) or symptoms of DPN. Painful DPN was evaluated using Douleur 
Neuropathique 4 Questions (DN4) (DN4≥ 4). CAN was defined as two 
or more abnormal cardiovascular reflex tests, and gastroparesis was 
assessed using gastroparesis cardinal symptom index (≥ 1.9).
Results: In total, 1.721 individuals with T1D (n= 822; mean age 
(±SD) 54 ±16 years, median diabetes duration [IQR] 26 [15-40] years) 
and T2D (n= 899; mean (±SD) age 67 ±11 years, median diabetes 
duration [IQR] 16 [11-22] years) were included. Prevalence of DSPN 
varied from 2 -74% for T1D and 5-78% for T2D (Figure 1). Prevalence 
of definite DPN was 54% and 68% for T1D and T2D, respectively. 
Painful DPN (DN4≥ 4) was present in 5% and 15% (T1D and T2D, 
respectively). CAN was present in 14% and 19% with T1D and T2D, 
and gastroparesis in 6% and 9% with T1D and T2D (Figure 1). For 
isolated presence of neuropathies in T1D, 45% had only DPN without 
any other neuropathy (assessed with VPT > 25V or touch sensation), 
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4% had only painful DPN, 18% had only CAN, and 7% had only gas-
troparesis. For type T2D, the numbers were 50% DPN, 3% painful 
DPN, 11% CAN and 4% gastroparesis. For most diagnostics modalities, 
individuals with T2D had a higher prevalence of DPN, painful DPN 
and gastroparesis than those with T1D (Figure 1).
Conclusion: In this large contemporary cohort of people with both T1D 
and T2D treated according to current standard of care, we found a high 
prevalence of DPN and DAN, but with wide variation depending on 
diagnostic modality. DPN and DAN were only co-existing in approxi-
mately 50%, thus screening for both types of neuropathies is important.

Clinical Trial Registration Number: NCT05043636
Disclosure: H. Mizrak: None.

204
Overall gastrointestinal symptom burden is associated with dia-
betic autonomic neuropathy: a DANES cohort study
H. Kufaishi, H.I. Mizrak, B. Brock, P. Rossing, C.S. Hansen;
Steno Diabetes Center Copenhagen, Herlev, Denmark.

Background and aims: Up to 40% of people with diabetes report 
disabling gastrointestinal (GI) symptoms. Gastroparetic symptoms 
appear twice as frequent among persons with diabetes than in the gen-
eral population. Diabetic autonomic neuropathy (DAN) is a cause of 
GI dysmotility that can lead to GI-symptoms, but symptoms and signs 
rarely correlate. We investigated the association between overall GI 
symptom burden and DAN assessed by different modalities in persons 
with type 1 diabetes (T1D) and type 2 diabetes (T2D).

Materials and methods: Cross-sectional study including 943 individu-
als with T1D (n=566) or T2D (n=377) treated at a tertiary outpatient 
clinic. All participants were without gluten allergy, B12-deficiency, 
cancer, GI conditions and beta-blocker treatment. GI symptom burden 
was assessed using a previously published weighted score combining 
the gastroparesis composite symptom index (GCSI) and the gastrointes-
tinal symptom rating score (GSRS), a cut-off of 2.3 was applied. DAN 
status was evaluated using the composite autonomic symptom 31 score 
(COMPASS-31) questionnaire, cardiac autonomic reflex tests (CARTs) 
and age-sex-adjusted electrochemical skin conductance on hands and 
feet (Sudoscan). Cut-off for COMPASS-31 was ≥16 points, and pres-
ence of cardiac autonomic neuropathy was defined as at least two out 
of three abnormal CARTs. Adjusted logistic regressions analyses were 
performed for the total cohort and for T1D and T2D separately. Odds 
ratios (OR) were adjusted for age, sex, diabetes duration, LDL choles-
terol, HbA1C, systolic blood pressure and smoking status.
Results: Mean ± SD age of the total population was 58 ± 15 years and 
565 (40.1%) were women. A high GI symptom burden was present in 
143 (15.2%) with T1D and 142 (15.1%) with T2D. In pooled adjusted 
analyses a high GI symptom burden was associated with the adjusted 
ORs (95%CI, p-value) of having DAN evaluated by COMPASS31 
(n=377): 4.20 (CI: 3.13-5.33, p<0.001), for CAN (n=116): 1.64 (CI: 
1.05-2.54, p=0.003) and for Sudoscan assessments: 1.52 (1.09-2.11, 
p=0.013) and 1.89 (1.37-2.68. p<0.001), hands (n=244) and feet 
(n=444) respectively. Analyses for T1D and T2D separately showed 
associations between a high GI symptom burden and presence of DAN 
when evaluated with COMPASS-31 (p<0.001 for both) and CAN for 
T1D, but not for other DAN outcomes (p≥ 0.05).
Conclusion: A high GI symptom burden is associated with presence 
of DAN especially when DAN is assessed by COMPASS-31 score. 
GI symptom burden may be associated with objective measures of 
DAN. However, results suggest that a symptom evaluation does not 
correlate well with objective measures of DAN.

Clinical Trial Registration Number: H-10929796
Disclosure: H. Kufaishi: None.
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Metabolic heterogeneity in obesity: the interplay between metabo-
lome and microbiome reflects visceral adipose tissue physiology 
beyond BMI
R. Chakaroun, M. Pradhan, H. Brolin, M. Schöler, G. Bergström, 
V. Tremaroli, F. Bäckhed;
Department for Molecular Medicine, The Wallenberg Laboratory, 
Gothenburg, Sweden.

Background and aims: Obesity increases cardiovascular disease 
(CVD) risk, but BMI fails to accurately capture the clinical hetero-
geneity of obesity. Recent data suggest that circulating plasma metab-
olites can better predict obesity’s underlying cardiometabolic risk, 
reflecting intrinsic and extrinsic factors, including the gut microbi-
ome. We investigated whether the microbiome, independent of BMI, 
can detect the implicit metabolic risk of obesity.
Materials and methods: 1408 study participants were recruited from 
a community-based cohort and deeply phenotyped with clinical and 
body composition parameters, proteome, metabolome, and microbiome. 
Metabolome data was acquired using HPLC-MS, and proteome profiles 
were generated with the Olink Proteomics platform. Microbial profiles 
were obtained from whole-genome metagenomics using Kraken2 and 
Bracken (UHGG catalog-v2). The analyses performed in R computing 
language included ridge regression for variable prediction, distance-
based redundancy analysis, differential taxonomic and functional abun-
dance, and were corrected for medication using MetaDecoundR.
Results: The 1,408 individuals (%females = 56) aged between 50 and 
65, had a wide range of BMI (18.3 - 46.3, mean = 27.1 kg/m2), and none 
were on antidiabetics. Both the metabolome and microbiome significantly 
contributed to the variance of CVD risk, metabolic, and adiposity meas-
ures, and the metabolome explained 60% of the variance in gut micro-
biome gene richness. BMI, body composition, insulin resistance (IR) 
parameters, and diet had a significant impact on microbial community 
structure (adjusted  R2 for BMI, triglyceride-glucose-index, and dietary 
fibers: 0.005, 0.005, and 0.003 respectively). Metabolome-predicted BMI 
(metBMI - out-of-sample  R2= 0.52) was linked to increased IR, inflam-
mation, dyslipidemia, and more severe visceral abdominal adipose tissue 
(VAT) attenuation (P<0.05). Gut microbiome features explained the levels 
of about 30% of blood metabolites  (R2 ≥ 0.3), suggesting a modulation 
by the microbiome. Mediation analyses confirmed a significant associa-
tion between VAT attenuation, metBMI, and HOMA-B, revealing that 
38% of the total effect of VAT attenuation on HOMA-B was mediated by 
metBMI residuals (P < 2e-16). This obesogenic metabolomic signature 
was characterized by a depletion of butyrate-producers and uncharacter-
ized Lachnospiraceae, and an increase in oral bacteria and opportunistic 
pathogens, along with an elevated abundance of Ruminococcus gnavus 
 (R2Abundance = 0.75). The presence of R. gnavus was strongly associ-
ated with VAT area and more severe attenuation (abs. ρ=0.2, P < 2e-16).
Conclusion: We evidence a connection between body composition, metab-
olites, and the microbiome. IR and glucose uptake/utilization impairment 
are associated with the metabolic heterogeneity of obesity, as indicated by 
circulating metabolites, and linked to the microbiome. This supports prior 
studies showing that metabolic derangement is better explained by microbi-
ome gene richness than by BMI. Our data adds that the microbiome reflects 
an obesogenic metabolomic signature with an overall depletion of bacteria 
and enrichment of R. gnavus, linked to VAT attenuation, a non-invasive 
marker of adipose tissue architecture. This may affect beta cell function, 
highlighting the clinical importance of our findings.
Supported by: DFG - Walter Benjamin Fellowship grant
Disclosure: R. Chakaroun: None.

206
Deep phenotyping of glucose stimulation response in human adi-
pocytes at scale
P. Kubitz1, H.  Dashti2, F.R.C. dos  Santos2, R.  Kaalia2, J. Perez-
Schindler2, H.  Hauner1, M.  Claussnitzer2;
1Technical University of Munich, Munich, Germany, 2BROAD Insti-
tute of MIT and Harvard, Cambridge, MA, USA.

Background and aims: Adipose tissue is critically involved in the 
regulation of whole body insulin sensitivity and phenotypic changes 
in adipocytes are linked to insulin resistance and type 2 diabetes. How-
ever, recent studies mainly focus on a small set of targeted cellular 
phenotypes such as adipocyte size and only a few mechanistically relate 
cellular morphological alterations to transcriptomic and functional 
signatures of metabolic disease. Thus, a principled hypothesis-free 
approach for modeling insulin resistance in adipocytes across high-
dimensional cellular and transcriptomic data layers anchored in tar-
geted cell-based phenotypes is currently missing.
Materials and methods: Here, we introduce a deep cellular pheno-
typing framework that combines multi-omics with a glucose titra-
tion screen in human white adipocytes (hWAT). First, we captured 
insulin-stimulated glucose uptake in adipocytes exposed to a range 
of glucose concentrations, covering the spectrum from physiological 
to pathophysiological levels, spanning the full matrix of highly insu-
lin-sensitive to fully insulin resistant adipocytes. To link adipocyte 
insulin resistance to high-dimensional representations of cellular and 
morphological processes, we apply LipocyteProfiler, our novel meta-
bolic disease tailored high-content imaging tool that extracts 3,005 
features per single cell across four fluorescent channels. Additionally, 
we map differences in transcriptomic profiles between healthy and 
insulin resistant adipocytes by RNA-seq. Finally, we analyze and 
integrate the different data modalities using linear regression mod-
els, gene set enrichment analysis (GSEA) and multimarker analysis 
of genomic annotation (MAGMA) to integrate T2D genome-wide 
association study data.
Results: Using a principled deep phenotyping approach we 
established an in vitro model of insulin resistance in human 
adipocytes. We observed a dose-dependent decrease of insulin 
responsiveness measured by insulin-stimulated glucose uptake 
in cells differentiated under increasing glucose concentrations. 
We observed a range of 3.5-fold to no significant insulin-stim-
ulated glucose uptake relative to basal cells (p = 4.048e-09). 
Linking insulin responsiveness to LipocyteProfiler feature sets 
revealed significant differences in DNA-, actin-, mitochondria- 
and lipid droplet-associated cellular profiles between healthy 
and insulin resistant adipocytes (n = 1,907 features, FDR < 
5%). Insulin resistant cells were particularly enriched for mito-
chondria-associated features  (featurei ~ glucose uptake fold 
change, p = 2.47e-08, estimate= -0.57). Finally, linking insulin 
resistance associated image based features with transcriptomic 
changes (linear mixed model-derived significant feature-gene 
connections, n = 20,296, FDR<0.01%) revealed that top-scoring 
mitochondrial morphological features associate with known and 
novel contributors to insulin resistance, including ZNF768 (adj. 
q = 2.21e-05), RALGAPA2 (adj. q = 3.55e-07) or KLF15 (adj. 
q = 2.10e-05).
Conclusion: In this work, we mapped the molecular and cellular 
programs of insulin resistance in human adipocytes by anchoring 
high-dimensional deep cellular profiles to an established read-out of 
insulin resistance in the cell. We established the functional relation-
ship between insulin resistance and mitochondrial hyperactivity in 
human adipocytes.
Supported by: NNF Center NNF21SA0072102
Disclosure: P. Kubitz: None.
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Whole-body measurement of fatty acid uptake in fasting and 
postprandial conditions
I. Laitinen1, S. Ekström2, H.  Haraldsson1, S.  Pierrou1, K. 
 Kalliokoski3, M.  Kiugel4, M.  Scheinin4, S.  Southekal5, M.  Lu5, T. 
 Coskun6, Z.  Milicevic6, L.  Johansson1, P.  Nuutila3;
1Antaros Medical, Mölndal, Sweden, 2Antaros Medical, Uppsala, 
Sweden, 3Turku PET Centre, University of Turku and Turku Uni-
versity Hospital, Turku, Finland, 4Clinical Research Services Turku 
- CRST Oy, Turku, Finland, 5Eli Lilly, Philadelphia, PA, USA, 6Eli 
Lilly, Indianapolis, IN, USA.

Background and aims: Changes in fatty acid metabolism are a component 
of the pathogenesis of type 2 diabetes mellitus (T2DM). Fatty acid uptake 
(FAU) in tissues can be measured with positron emission tomography 
(PET) imaging, employing the fatty acid analogue radiotracer 18F-FTHA. 
Fatty acid fluxes in the fasted state have been investigated, but postprandial 
fluxes remain poorly characterized, because of the large and unpredictable 
variation of circulating postprandial free fatty acid (FFA) levels and their 
effects on the quantitation of FAU. This method development study aimed 
to investigate fasted and postprandial FAU using whole-body PET/MRI.
Materials and methods: 17 participants with overweight/obesity (12 with 
T2DM) underwent 4 repeated examinations under standardized conditions 
after overnight fast, twice under fasting and twice postprandially (PP). 
Dynamic whole-body PET/MRI using 18F-FTHA was performed (PP 107 
minutes after a standard liquid meal). Tissue-specific net uptake rates (Ki) 
were measured in skeletal muscle (quadriceps), subcutaneous (SAT) and 
visceral (VAT) adipose tissues, myocardium, liver and brain. Circulating 
FFA levels were recorded, and FAU was calculated as Ki × median FFA 
level during the scan. One-way ANOVA p-values, and population mean dif-
ferences (fasted - PP) and their 95% CI were calculated for group differences.
Results: The net uptake rate (Ki) of tracer 18F-FTHA was significantly 
greater in PP compared to the fasted state, in all investigated tissues (95% 
CI of difference <0), except in the brain where it was slightly lower (95% CI 
>0). FAU was significantly lower in PP compared to the fasted state in all 
investigated tissues (Table), as intake of the meal reduced circulating FFA 
level in the PP state. In the quadriceps muscle, the Ki was significantly lower 
in T2DM subjects compared to the control obese/overweight subjects (p= 
0.038 for PP and 0.012 for fasted) but the difference in FAU was not sig-
nificant. No differences in FAU between the subject groups were observed.
Conclusion: 18F-FTHA -PET/MRI provides information on tissue-
specific FAU in the fasting state, and also postprandially, with sig-
nificantly lower FAU in tissues compared to the fasted state. No sig-
nificant differences were observed between participants with T2DM 
or without T2DM for FAU in the investigated tissues.

Clinical Trial Registration Number: EudraCT 2020-005211-48
Supported by: Antaros Medical was supported by Eli Lilly for the 
conduct of the study
Disclosure: I. Laitinen: Employment/Consultancy; Employed by 
Antaros Medical.

208
Genetic dissection of serum vaspin highlights its causal role in 
lipid metabolism
M. Würfel1, J.  Breitfeld1, K.  Horn2,3, D. de  Duc4,5, A.  Velluva5,6, C. 
 Marzi7,8, H.  Grallert7,8, N.  Friedrich9,10, M.  Pietzner9,10, U. Völker10,11, 
H. Völzke7,12, E.  Ahlqvist13, A. Tönjes1, M.  Scholz2,3, P.  Kovacs1;
1Department of Medicine, University of Leipzig, Leipzig, Germany, 2Insti-
tute for Medical Informatics, Statistics and Epidemiology, University of 
Leipzig, Leipzig, Germany, 3LIFE Research Center, University of Leip-
zig, Leipzig, Germany, 4Institute of Human Genetics, University Medical 
Center Leipzig, Leipzig, Germany, 5Department of Evolutionary Genetics, 
Max Planck Institute for Evolutionary Anthropology, Leipzig, Germany, 
6Rudolf Schönheimer Institute of Biochemistry, Medical Faculty, University 
of Leipzig, Leipzig, Germany, 7Research Unit of Molecular Epidemiology, 
Helmholtz Center Munich, German Research Center for Environmental 
Health, Neuherberg, Germany, 8German Research Center for Environmen-
tal Health, Institute of Epidemiology II, Helmholtz Center Munich, Neu-
herberg, Germany, 9Computational Medicine, Berlin Institute of Health at 
Charité – Universitätsmedizin Berlin, Berlin, Germany, 10DZHK (German 
Center for Cardiovascular Research), partner site Berlin, Berlin, Germany, 
11Interfaculty Institute for Genetics and Functional Genomics, University 
Medicine and Ernst-Moritz-Arndt University Greifswald, Greifswald, 
Germany, 12Institute for Community Medicine, University Medicine Greif-
swald, Greifswald, Germany, 13Department of Clinical Sciences in Malmö, 
Clinical Research Centre, Lund University, Malmö, Sweden.

Background and aims: Vaspin (visceral adipose tissue derived ser-
ine protease inhibitor) is associated with metabolic traits related to 
obesity, but its causative role is still elusive. We investigated the 
role of genetics in the serum vaspin variability to establish its direct 
causative relationship with metabolically relevant traits.
Materials and methods: Meta-analysis of genome-wide association stud-
ies (GWAS) for serum vaspin from six independent cohorts (N=7,446) was 
conducted. Potential functional variants of the vaspin locus were included 
in Mendelian Randomization (MR) analyses to assess possible causative 
chains between vaspin and correlated metabolically relevant traits. In viv-
ostudies in dbdb mice were conducted to validate the GWAS findings.
Results: In total, 468 single nucleotide polymorphisms (SNPs), all 
within the vaspin locus, were significantly associated with circulat-
ing serum vaspin (all P-values <5x10-8). Five independent SNPs 
(rs7141073, rs1956709, rs4905216, rs61978267, rs73338689) indi-
cated a considerable locus heterogeneity. Respective credible sets 
contained 20 variants, none of them showing strong deleteriousness 
estimates. MR analyses including the five index SNPs revealed causal 
relationships between serum vaspin concentrations and triglycerides, 
low-density lipoprotein and total cholesterol. Gene expression correla-
tion analyses based on data retrieved from the GTEx project suggests 
that genes highly correlating with vaspin expression in the adipose 
tissue are involved in lipid metabolic processes. Chronic vaspin treat-
ment reduced serum triglyceride levels in genetically obese dbdb mice.
Conclusion: Our data show that serum vaspin is strongly determined 
by genetic variants within vaspin and they further highlight vaspin’s 
causal role in lipid metabolism.
Disclosure: M. Würfel: None.

209
Genetic variants in the adiponectin receptor genes are associated 
with adiponectin und insulin levels
L. Kedenko, T. Kiesslich, I. Kedenko, B. Paulweber;
Regional Hospital Salzburg, Salzburg, Austria.

Background and aims: Assuming that adiponectin receptors mediate 
the antidiabetic effects of adiponectin, we hypothesize that genetic vari-
ation in the adiponectin receptor genes (AdipoR1 and AdipoR2) may play 



S111Diabetologia (2023) 66 (Suppl 1):S1–S536 

1 3

a role in glucose metabolism, insulin resistance and type 2 diabetes. 
Aims of the current study were: to genotype selected single nucleotide 
polymorphisms (SNPs) in the AdipoR1 and AdipoR2; to clarify the influ-
ence of genetic variability in the AdipoR1 and AdipoR2 on adiponectin 
levels, glucose metabolism and insulin sensitivity in the SAPHIR cohort.
Materials and methods: The SAPHIR study was initiated in 1999 as a 
population-based prospective study in and around the city of Salzburg 
(Austria). The study comprises 1770 healthy unrelated subjects (663 
females and 1107 males aged 39-67 years). Total serum adiponectin 
concentrations were measured by an enzyme-linked immunosorbent 
assay kit from BioCat (Heidelberg, Germany). Glucose metabolism 
and insulin sensitivity were evaluated based on the levels of glucose 
and insulin in oral glucose tolerance test (OGTT) at 5 time points (0, 
30, 60, 90,120 minutes) and HOMA-Index. Using the haplotype block 
structure we selected a maximally informative subset of validated SNPs 
in the AdipoR1 and AdipoR2 with minor allele frequency of more than 
5% and pairwise  r2 =80% (Figure 1) and additionally two SNPs in each 
gene were selected based on the literature data about their association 
with different clinical parameters. Genotyping was done using 5´nucle-
ase allelic discrimination TagMan genotyping method.
Results: Three SNPs in the AdipoR2 showed an association with 
plasma adiponectin levels (rs1223044, p=0.015; rs11612383, p=0.011 
and rs1058322, p=0.022). After adjustment for age, sex and BMI 
these associations were still statistically significant. Unfortunately, 
all genotyped SNPs located in the AdipoR1 didn’t show association 
with plasma adiponectin levels. No associations of genetic polymor-
phisms in both adiponectin receptor genes were found with HOMA-
index and glucose at all time points of OGTT. But rs7514221 in the 
AdipoR1 showed association with insulin level at 30 minutes of the 
OGTT (p=0.007) and rs6489326 in the AdipoR2 with insulin at 120 
minutes of OGTT (p=0.041). After adjustment for age, sex and BMI 
the p-values for these associations were even stronger (p-value reached 
0.001 for rs7514221 and 0.012 for rs6489326).
Conclusion: Association of genetic polymorphisms in the adiponectin 
receptor genes with adiponectin and insulin levels confirms the important 
role of adiponectin receptors in regulation of adiponectin levels, glucose 
metabolism, insulin signaling and should be further investigated.

Supported by: PMU Nr. E-11/13/066-PAU
Disclosure: L. Kedenko: Grants; Paracelsus Medical University Nr. 
E-11/13/066 - PAU.

210
Investigating gut epithelial adaptations to metabolic disease
M. Jacobs1, Y.  Lei1, N.  Haq1, M.  Wilson1, T.  Pullen1, P.  Pavlidis2, 
B.  Hayee3, G.  Bewick1;
1School of Cardiovascular and Metabolic Medicine & Sciences, 
King’s College London, London, UK, 22School of Immunology and 
Microbial Sciences, King’s College London, London, UK, 3King’s 
College Hospital NHS Foundation Trust, London, UK.

Background and aims: Roux-en-Y gastric bypass and duodenal 
mucosal resurfacing are treatments for type II diabetes that prevent 
nutrient contact with the duodenal epithelium. These interventions 
promote anti-diabetic effects such as improved blood glucose and 
insulin levels, however, the physiological mechanisms behind this 
phenomenon remain largely elusive. This study aims to uncover the 
transcriptional signature of each small intestinal segment to determine 
the pathological role of obesity and glucose intolerance on the small 
intestine (SI).
Materials and methods: RNA-Sequencing (RNA-Seq) of the duo-
denum, jejunum, and ileum was conducted on mice fed a chow (CTL 
mice), or a 60% high-fat (DIO mice) diet for 13 weeks, to obtain the 
transcriptional signature. Differential gene expression analysis, gene 
set enrichment analysis (GSEA), and leading-edge analysis (LE), were 
generated in R studio, and Ingenuity Pathway Analysis (IPA) software 
was used to predict upstream and master regulators of the transcrip-
tional footprint. Blood results from the mice indicate that the DIO mice 
had significantly higher fasting/fed glucose levels and insulin levels, 
compared to the CTL mice. To validate the RNA-Seq findings, duode-
nal organoids were cultured to model the changes in key pathways and 
their effect on epithelial homeostasis.
Results: The RNA-Seq analysis revealed that the duodenum had the 
highest amount of significantly differentially expressed genes (n = 
3055) followed by the jejunum (n= 2169) and ileum (n= 543) respec-
tively (p <0.05). Principal component analysis plots exhibited cluster-
ing according to small intestinal segment and diet, which demonstrates 
that each intestinal segment had a unique transcriptional footprint 
which was differentially affected by diet. Interferon signalling and the 
defence response to virus were some of the pathways most signifi-
cantly upregulated in the duodenum of DIO mice using GSEA analy-
sis (p<0.1), but they were downregulated in the jejunum and ileum. 
This was associated with downregulation of claudin genes controlling 
barrier integrity. ISG15 and IRF7 emerged as key regulators of the 
interferon signalling pathway (p<0.05) using LE analysis and IPA. 
IPA matched poly I:C transcriptional signatures to 300 of the genes 
altered in the duodenum, identifying it as a useful tool to model the 
duodenal transcriptional response in vitro. In duodenal organoids, treat-
ments with poly I:C promoted a significant dose-dependent increase 
(p <0.05) in mRNA expression of several interferon-related genes: 
IRF7, ISG15, DHX58, IFI44. Simultaneously, barrier function-related 
genes: CLDN1, CLDN5, and TJP1 showed a significant dose depend-
ent decrease (p<0.05). Barrier degradation was corroborated function-
ally and was associated with small increases in overall apoptosis.
Conclusion: The obese mouse duodenum has a distinct transcriptional 
identity as highlighted by the upregulation of interferon signalling and 
defence response to virus pathways in GSEA. Obesity may trigger an 
epithelial innate immune response which may damage epithelial integ-
rity. Analogous to the ‘leaky gut’ hypothesis in the colon, this may offer 
another route for pathological signalling in the periphery which could 
aggravate inflammation and metabolic dysregulation.
Supported by: MRC DTP
Disclosure: M. Jacobs: Grants; Fractyl Health Incorporated.
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Detailed metabolic biomarker profiling improves cardiovascular 
risk assessment in type two diabetes patients already receiving 
statin therapy
H. Julkunen, J. Barrett, P. Würtz;
Nightingale Health Plc, Helsinki, Finland.

Background and aims: Type 2 diabetes patients are at an increased 
risk of developing cardiovascular complications. Identifying individ-
uals who remain at high cardiovascular risk even when using statins 
can guide second line options for primary prevention. Here, we assess 
the utility of detailed metabolic biomarker profiling in predicting the 
first onset of 3-point major adverse cardiovascular events (MACE) in 
type two diabetes patients already receiving statin therapy.
Materials and methods: Circulating biomarkers, including lipids, 
fatty acids, amino acids, glycolysis metabolites and inflammation 
markers were measured by a low-cost nuclear magnetic resonance 
(NMR) metabolomics assay in around 275 000 plasma samples from 
the UK Biobank. The study population evaluated here comprised 9 
310 individuals having prevalent type 2 diabetes and using statins. 
During a prospective 10-year follow-up, 937 first occurrence MACE 
events were obtained from national hospital and death registries for 
the study population. Using multivariable Cox proportional hazards 
regression modelling, we derived a 10-year risk score for the first 
onset of 3-point MACE. We assessed the predictive improvements of 
adding the metabolic biomarkers to a model of established risk fac-
tors and clinical chemistry cholesterol measurements (age, sex, body 
mass index, systolic and diastolic blood pressure, smoking status, 
total cholesterol, LDL and HDL cholesterol).
Results: Adding the metabolic biomarkers to a comprehensive model 
of established risk factors and cholesterol measures improved the 
prediction of 3-point MACE events with area under the receiver oper-
ating characteristic curve (AUC) increasing from 0.65 to 0.70. Using 
only the metabolic biomarkers obtained from the single NMR assay, 
along with age and sex, yielded a performance close to that of the full 
model incorporating established risk factors, cholesterol measures 
and metabolic biomarkers, achieving an AUC of 0.69. Even more 
substantial improvements were observed when looking at the high-
risk tails of the risk scores. When comparing the highest risk decile to 
the remaining population of diabetes patients using statins, adding the 
metabolic biomarkers to a comprehensive model of established risk 
factors and cholesterol measures increased the hazard ratio from 2.2 
(95% CI 1.7-2.7) to 3.7 (95% CI 3.0-4.5), i.e. reaching an even higher 
risk elevation than often seen from familial hypercholesterolemia.
Conclusion: Circulating metabolic biomarkers enhanced the predic-
tion of major adverse cardiovascular events beyond established risk 
factors and cholesterol measurements among type 2 diabetes patients 
undergoing statin therapy. From a translational perspective, this may 
complement the residual cardiovascular risk assessment beyond 
established measures, while simultaneously informing on the risk of 
other diabetes-related conditions.

Disclosure: H. Julkunen: Employment/Consultancy; Employee of 
Nightingale Health. Stock/Shareholding; Hold stock options in Night-
ingale Health.

212
Effects of type 2 diabetes and obesity on cardiopulmonary 
performance
L. Nesti, N. Pugliese, L. Santoni, M. Chiriacò, L. Sacchetta, D. Tricò, 
A. Natali;
Università di Pisa, Pisa, Italy.

Background and aims: Measured through oxygen uptake at peak exer-
cise  (VO2peak), effort intolerance is highly prevalent in patients with 
type 2 diabetes (T2D), wherein it predicts incident heart failure. How-
ever, its quantification and pathophysiological causes remain debated.
Materials and methods: Patients at high cardiovascular risk, with or 
without T2D, underwent pulmonary spirometry and a thorough cardio-
vascular characterization, including maximal combined echocardiog-
raphy-cardiopulmonary exercise test (eCPET) to exclude pulmonary 
and/or cardiovascular disease. Overt microvascular complications were 
excluded as well. To isolate the effects of T2D and to identify the 
underpinning mechanisms, multivariable models were built accounting 
for the major pathophysiological determinants of  VO2peak normalized 
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for lean body weight (LBW), since fat mass has a neutral impact on 
oxygen uptake.
Results: A total of 109 patients with T2D and 97 non-diabetic controls 
(non-DM) were included in the analysis. The two groups had simi-
lar baseline characteristics except for higher body mass index (BMI) 
among T2D, with similar LBW. During exercise, T2D patients achieved 
lower  VO2peak than non-diabetic subjects (T2D 26.1±5.4 vs non-DM 
29.5±9.6 mL/min/kgLBW); subclinical cardiopulmonary impairments 
were observed, namely chronotropic incompetence, subclinical systolic 
dysfunction, and more marked cardiac remodeling. The main determi-
nants of  VO2peak were tested alone and in combination to identify the 
one(s) undermining the independent effect of T2D. Presence of T2D 
was an independent negative determinant of  VO2peak in all models, 
maintaining statistical significance and a strong coefficient of determi-
nation (Figure 1). Overall, BMI reduced exercise capacity by 0.2 mL/
min/kgLBW per unit, an effect that is largely explained by a combination 
of chronotropic incompetence, reduced peripheral oxygen extraction, 
impaired systolic reserve, and ventilatory (in)efficiency. On the con-
trary, T2D independently reduces  VO2peak by 1 mL/min/kgLBW and this 
effect is only marginally explained by any or all the major determinants 
of cardiopulmonary fitness, which are additive to the effect of T2D 
per se.
Conclusion: T2D displays an independent negative effect on  VO2peak 
even in the absence of cardiac or pulmonary disease. This effect is 
additive to all the other pathophysiological determinants of oxygen 
uptake, including obesity.

Disclosure: L. Nesti: None.
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Increase in cardiorespiratory fitness during a lifestyle interven-
tion associates with lower progression and higher regression of 
subclinical atherosclerosis
K. Kantartzis1,2, J.  Machann1,3, F.  Schick1,3, A.  Birkenfeld1,2, L. 
 Fritsche1, A.  Peter1,4, A.  Fritsche1,2, N.  Stefan1,2, A. Lehn-Stefan1;
1Institute of Diabetes Research and Metabolic Diseases (IDM) of the 
Helmholtz Centre Munich at the University of Tübingen, Tübingen, 
Germany, 2Department of Internal Medicine IV, University Hospital 
of Tübingen, Tübingen, Germany, 3Section of Experimental Radiol-
ogy, Department of Diagnostic and Interventional Radiology, Univer-
sity Hospital of Tübingen, Tübingen, Germany, 4Institute for Clinical 
Chemistry & Pathobiochemistry, Department for Diagnostic Labora-
tory Medicine, University Hospital of Tübingen, Tübingen, Germany.

Background and aims: Increased carotid intima-media thickness 
(cIMT) is a marker of subclinical atherosclerosis and cIMT is being 
used to track the regression, arrest or progression of atheroscle-
rosis. Lifestyle intervention, in general, is effective for improving 

cardiovascular risk factors. However, there is a large variability in 
these responses. As high cardiorespiratory fitness (CRF) protects 
from cardiovascular disease and is closely associated with mito-
chondrial function, an important determinant of lipid oxidation, we 
determined, whether change of CRF associates with the change of 
cIMT during a lifestyle intervention.
Materials and methods: A total of 208 subjects at risk for type 2 
diabetes, who underwent 9 months of lifestyle intervention in the 
TULIP study (diet modification and increase in physical activity), 
and had measurement of CRF, cIMT, glucose and lipid metabolism 
and precisely measured body fat mass and fat distribution, were 
studied. Insulin sensitivity was estimated during a 75g oral glucose 
tolerance test. Total body-, visceral- and liver-fat were measured 
by magnetic resonance (MR) imaging and 1H-MR spectroscopy. 
CRF was measured during an incremental cycle exercise (maximal 
aerobic capacity-VO2max) test and cIMT was measured using high 
resolution ultrasound.
Results: During the intervention mean total fat mass, visceral fat 
mass and liver fat content decreased and insulin sensitivity, habitual 
physical activity (HPA) and CRF improved (all p<0.0001). Mean 
cIMT decreased (p=0.009), however, there was a large variability 
in the change of cIMT. When change of cIMT was divided into 
tertiles, subjects in the upper tertile had a mean (SD) increase of 
cIMT of 14 (9) %, while subjects in the lower tertile had a mean 
decrease of cIMT of 16 (7) %. In univariate analyses only changes 
of HPA (r=−0.16, p=0.02) and CRF (r=−0.13, p=0.06) associated 
with change of cIMT. In multivariate regression models, change of 
cIMT, adjusted for cIMT at baseline, age and sex, only associated 
with adjusted (for the respective baseline parameter) change of CRF 
(std. ß −0.18, p=0.0089), but not with change of HPA (std. ß −0.05, 
p=0.56). Larger adjusted increase of CRF was associated with 
lower odds for having a progression of cIMT (OR per SD increase 
[for being in the upper tertile of change of cIMT] 0.05 [95% CI 
0.006−0.42], p=0.004) and with higher odds for having a regression 
of cIMT (OR per SD increase [for being in the lower tertile of change 
of cIMT] 13 [95% CI 2−105], p=0.01).
Conclusion: We provide novel data that measurement of CRF dur-
ing a lifestyle intervention may help predicting the progression and 
regression of subclinical atherosclerosis.
Disclosure: K. Kantartzis: None.
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Hypoglycaemia-related disorders are associated with preclinical 
atherosclerosis in patients with type 1 diabetes without high car-
diovascular risk
A. Mesa1, M. Giménez1, V.  Perea2, C. Viñals1, J.  Blanco1, I.  Vinagre1, 
T. Serés-Noriega1, L.  Boswell1,3, E.  Esmatjes1, I.  Conget1, A.  Amor1;
1Endocrinology and Nutrition Department, Hospital Clínic de Barce-
lona, Barcelona, Spain, 2Endocrinology and Nutrition Department, 
Hospital Mútua de Terrassa, Terrassa, Spain, 3Althaia University 
Health Network, Manresa, Spain.

Background and aims: Patients with type 1 diabetes (T1D) have a 
high cardiovascular disease (CVD) risk, despite tight glycemic control. 
Recurrent hypoglycemia has been postulated as a potential CVD risk 
factor in T1D. We evaluated the relationship between severe hypogly-
cemia (SH) and/or impaired awareness of hypoglycemia (IAH) with the 
presence of preclinical atherosclerosis in this population.
Materials and methods: Cross-sectional study in T1D patients 
without CVD and with at least one of the following: ≥40 years, dia-
betic kidney disease or ≥10 years of T1D duration with CVD risk 
factors. CVD risk was estimated according to the Steno T1 Risk 
Engine (Steno-Risk) (<10% low, 10-20% intermediate, ≥20% high). 
Carotid plaque (intima-media thickness ≥1.5 mm) was evaluated by 
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standardized ultrasonography protocol. Logistic regression models, 
adjusted for age, sex, T1D duration, and other CVD factors, were 
constructed to test the independent association between carotid 
plaque presence and history of SH (≥1 event in the last two years) 
and hypoglycemia awareness assessed by Clarke questionnaire. We 
further explored whether the inclusion of SH and/or CQ score in the 
Steno-Risk equation improved the identification of individuals with 
plaque (ROC curve).
Results: We included 634 patients (52.4% men, mean age 48.3±10.8 
years, T1D duration 27.4±11.1 years, 5-year mean HbA1c 7.5% [7.0-
8.0], 39.9% harboring plaque). A stepped increase in the presence 
of plaque according to Steno-Risk category was observed (13.5%, 
37.7%, and 68.7%, for low, moderate, and high risk, respectively; 
p<0.001). Although no significant association was observed in the 
whole sample, both SH history (OR 4.4 [1.3-14.6], p=0.015) and 
CQ score (OR 1.7 [1.2-2.2], p=0.001) were associated with plaque 
presence in patients with low risk (n=192; both SH*Steno-Risk and 
Clarke*Steno-Risk interaction p<0.05; Figure). CQ score was also 
associated with plaque burden in low-moderate risk subjects (n=436; 
≥2 plaque: OR 1.2 [1.0-1.5], p=0.031; ≥3 plaque: OR 1.4 [1.1-2.0], 
p=0.025). The inclusion of SH and CQ score in Steno-Risk signifi-
cantly improved the identification of subjects at low-risk with athero-
sclerosis (area under the curve: 0.658 vs. 0.576; p=0.036).
Conclusion: In patients with T1D without high CVD risk, SH and 
hypoglycemia awareness assessment score were independently asso-
ciated with the presence of preclinical atherosclerosis. These results 
suggest that, especially in those patients with few CVD risk factors, 
hypoglycemia-related disorders might be useful to identify those who 
would benefit most from an intensive approach.

Disclosure: A. Mesa: None.
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Mortality in the Swedish Obese Subjects (SOS) study over up to 
30 years in relation to 2-year diabetes remission after bariatric 
surgery or usual care
K. Sjöholm1, B.  Carlsson1, P.  Jacobson1, C.  Karlsson1, J. Andersson-
Assarsson1, F.  Kristensson1, S.  Ahlin1, P.-A.  Svensson1, M.  Taube1, 
I. Näslund2, K.  Karason1, M.  Peltonen3, L.  Carlsson1;
1Sahlgrenska Academy at Gothenburg University, Gothenburg, Swe-
den, 2Faculty of Medicine and Health, Örebro University, Örebro, 
Sweden, 3Chronic Disease Prevention Unit, National Institute for 
Health and Welfare, Helsinki, Finland.

Background and aims: People with obesity and concomitant type 2 
diabetes have reduced life expectancy, which may to some extent be 
explained by an increased risk of developing cardiovascular diseases 
and cancer. Here, we examined whether 2-year diabetes remission after 
bariatric surgery or usual care is associated with long-term mortality in 
participants with baseline diabetes in the Swedish Obese Subjects study.
Materials and methods: This report includes 586 participants with 
obesity and concomitant type 2 diabetes; 338 underwent bariatric sur-
gery and 248 received usual obesity care. At inclusion, age was 37-60 
years and BMI was ≥34 kg/m2 in men and ≥38 kg/m2 in women. Partic-
ipants were recruited between September 1, 1987, and January 31, 2001, 
and median follow up was 26.2 years (interquartile range 22.7-28.7).
Results: In the full cohort, 284 participants were in remission at the 
2-year examination whereas 302 were not. During follow-up, mortal-
ity rates were 16.6 deaths per 1000 person-years (95% CI:13.7-20.1) 
in the remission subgroup and 26.0 deaths per 1000 person-years 
(95% CI:22.2-30.4) in the non-remission subgroup (adjusted hazard 
ratio (HRadj) 0.59, 95% CI:0.46-0.77, p<0.001). Moreover, 2-year 
remission was associated with reduced mortality in both the surgery 
and usual care groups (HRadj=0.57 (95% CI:0.39-0.83), p=0.003 
and HRadj=0.53 (95% CI:0.32-0.90), p=0.018, respectively). In the 
full cohort, cardiovascular mortality was markedly decreased in the 
remission subgroup (sub-HRadj 0.53, 95% CI:0.35-0.81, p=0.003).
Conclusion: Remission of type 2 diabetes after bariatric surgery or 
usual obesity care is associated with reduced long-term mortality, 
mainly due to decreased cardiovascular death.
Clinical Trial Registration Number: NCT01479452
Supported by: Swedish Research Council (LC), ALF agreement (LC, 
KS, PAS)
Disclosure: K. Sjöholm: Grants; Adlerbert research foundation, Swed-
ish state under an agreement between the Swedish government and the 
county councils (the ALF agreement), Swedish Diabetes Foundation.
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Exploring potential risk factors for lower limb amputation in 
people with diabetes: an observational cohort study of 66,565 
individuals with diabetes in Sweden
S.P.O. Jansson1, S.  Ramstrand2, M.  Carlberg1, G.A.  Johannesson3, 
A.  Hiyoshi1, G.  Jarl4;
1School of Medical Science, Örebro University, Örebro, Sweden, 
2School of Health Sciences, Örebro University, Örebro, Sweden, 
3Össur Clinics Scandinavia, Stockholm, Sweden, 4School of Health 
Science, Örebro University, Örebro, Sweden.

Background and aims: Risk factors for lower limb amputation 
(LLA) in individuals with diabetes have been under-studied. We 
examined how demographic and socioeconomic, medical and life-
style risk factors may be associated with LLA in people with newly 
diagnosed diabetes.
Materials and methods: We conducted a cohort study using Swed-
ish national register-linked data. We identified, through the Swedish 
national diabetes register, all individuals 18 years or older with an 
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incident diabetes diagnosis and no previous amputation from 2007 to 
2016. These individuals were followed from the date of the diagnosis 
to amputation, emigration, death, or the end of the study in 2017, 
whichever occurred first. Several national Swedish registers were 
used to obtain data on incident LLA and potential risk factors, includ-
ing demographic and socioeconomic, medical and lifestyle variables. 
Variables with more than 40% missing data were excluded from the 
analysis. The cohort consisted of 66,569 individuals, whereof 133 had 
an amputation. Cox proportional hazards models were used to obtain 
hazard ratio (HR) with 95% confidence interval (CI) for associations 
between demographic and socioeconomic, medical and lifestyle vari-
ables and amputation risk. Both unadjusted and mutually adjusted 
models were fitted.
Results: During the median follow-up time of 4 years there were 
in total 133 LLA. Based on the model mutually adjusting for all 
variables, higher age, HR 1.08 (95% CI, 1.05 - 1.10) per year, and 
being divorced compared with being married, HR 1.67 (1.07 - 2.60) 
showed positive association. Male sex indicated higher risk, HR 1.57 
(1.06 - 2.34). Individuals with an increased foot risk at baseline had 
increased risk for LLA compared to individuals with healthy feet 
(neuropathy/angiopathy, HR 4.12 (2.84 - 5.98), previous wounds, 
HR 8.26 (3.29 - 20.74), ongoing severe foot disease, HR 11.24 (4.82 
- 26.23). Insulin treatment compared with diet-only treatment showed 
HR 2.03 (1.10 - 3.74). Hypertension and HbA1c were not statistically 
significantly associated with LLA risk. People with obesity had a 
statistically significant lower risk, HR 0.46 (0.29 - 0.75), compared 
with individuals with normal weight. Smoking was associated with 
an increased risk compared with no smoking, HR 1.99 (1.28 - 3.09). 
Finally, low physical activity (<1 time/week) was associated with an 
increased risk with a HR of 2.05 (1.30 - 3.23) compared with daily 
physical activity.
Conclusion: This study found a higher risk for LLA among people 
with higher age, male sex, who were divorced, who had a higher foot 
risk group, who were on insulin treatment, lower physical activity 
levels, and who were smoking. Obesity was associated with lower 
risk for LLA. Thus, these variables may have important roles in LLA 
risk among individuals with diabetes.
Supported by: The study was funded by Nyckelfonden and Forskning-
skommittén at Region Örebro County and by Fonden för rehabiliter-
ing och medicinsk forskning
Disclosure: S.P.O. Jansson: None.
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A longitudinal clinical trajectory analysis examining the accumu-
lation of co-morbidity in people with type 2 diabetes compared 
with non-type 2 diabetes
R. Qin1, K.  McCay1, R.  Williams2, W.  Ollier3, Y.  Peng1, J.J. Warner-
Levy4, J.M.  Gibson5, A.  Heald6;
1Department of Computing and Mathematics, Manchester Met-
ropolitan University, Manchester, UK, 2University of Manchester, 
Manchester, UK, 3Department of Life Science, Manchester Metro-
politan University, Manchester, UK, 4The University of Manchester, 
Manchester, UK, 5School of Medicine, University of Manchester, 
Manchester, UK, 6Diabetes and Endocrinology, Salford Royal NHS 
Foundation Trust, Salford, UK.

Background and aims: Type 2 diabetes mellitus (T2D) is commonly 
associated with an increasing complexity of multi-morbidity and 
related treatment. While some progress has been made in identify-
ing genetic and non-genetic risk factors for T2D, understanding the 
longitudinal clinical history of individuals before and after T2D diag-
nosis may provide additional insights into its aetiology and complex 
trajectory of multi-morbidity.
Materials and methods: In this study, we utilised longitudinal data 
from the DARE (Diabetes Alliance for Research in England) study to 
examine the trajectory of clinical conditions in individuals with and 
without T2D. Data from 1932 individuals (T2D n = 1196 vs matched 
non-T2D controls n = 736) were extracted and subjected to trajectory 
analysis over a period of up to 50 years (25 years pre-diagnosis and 25 
years post-diagnosis). Conditions were combined for further analysis, 
specifically, we plotted the trajectories of Chronic Obstructive Pul-
monary Disease (COPD), Asthma, Major Mental Disorder, Hyper-
tension, Stroke, Chronic Kidney Disease (CKD), Respiratory Tract 
Infection, Retinopathy, Heart Conditions (Heart Failure, Myocardial 
Infarction, Angina, Coronary Angioplasty, Coronary Artery Bypass 
Graft (CABG), and Coronary Heart Disease (CHD)), and Eye, Nose, 
and Throat Infections (Pharyngitis, Sinusitis, and Conjunctivitis). The 
mean age of diagnosis of T2D was 52.9 years (95% CI 52.0 to 53.8).
Results: Our analysis revealed that, in the years leading up to T2D 
diagnosis, individuals who eventually received a T2D diagnosis con-
sistently exhibited a considerable increase in several clinical pheno-
types. Additionally, immediately prior to T2D diagnosis, a significantly 
greater prevalence of hypertension (35%), respiratory tract infection 
(34%), heart conditions (17%), eye, nose, and throat infections (19%), 
and asthma (12%) was observed. The corresponding trajectory of each 
of these conditions was much less dramatic in the matched control 
group. Post-T2D diagnosis, the proportions of T2D individuals exhib-
iting hypertension, CKD, retinopathy, and infections climbed rapidly 
before plateauing. Additionally, heart conditions and asthma continued 
to increase in this group.
Conclusion: These findings provide novel insights into the onset 
and natural progression of T2D, suggesting an early phase of inflam-
mation related disease activity before any clinical diagnosis of T2D 
is made. Further studies on a larger cohort of patients are suggested 
to explore the possibility of establishing associated predictive risk 
scores.



S116 Diabetologia (2023) 66 (Suppl 1):S1–S536

1 3

Disclosure: R. Qin: None.

218
Mediation of the association between abdominal adiposity and 
subclinical inflammation in type 2 diabetes
S.L. Domazet1,2, T.B.  Olesen1, J.V.  Stidsen1, C.K.  Svensson3,2, 
J.S.  Nielsen1, R.W.  Thomsen2, N.  Jessen4, P.  Vestergaard5, M.K. 
 Andersen6, T.  Hansen6, C. Brøns7, V.H.  Jensen7, A.  Vaag7,8, M.H. 
 Olsen3, K. Højlund1;
1Steno Diabetes Center Odense, Odense, Denmark, 2Department of Clini-
cal Epidemiology, Aarhus, Denmark, 3Department of Internal Medicine, 
Steno Diabetes Center Zealand, Holbæk, Denmark, 4Steno Diabetes 
Center Aarhus, Aarhus, Denmark, 5Steno Diabetes Center North Den-
mark, Aalborg, Denmark, 6Novo Nordisk Foundation Center for Basic 
Metabolic Research, Copenhagen, Denmark, 7Steno Diabetes Center 
Copenhagen, Copenhagen, Denmark, 8Lund University, Malmö, Sweden.

Background and aims: The association between adiposity and risk 
of type 2 diabetes and cardiovascular disease may be mediated by 
systemic subclinical inflammation. However, it is unknown whether 
adiposity itself or other causal and/or mediating traits are the main 
drivers of subclinical inflammation in type 2 diabetes. We aimed to 
determine the extent to which adiposity is associated with subclinical 
inflammation in persons with newly diagnosed type 2 diabetes, and if 
so, to understand the extent to which this may be mediated by physi-
cal activity, fasting hyperinsulinemia, glycemic control, plasma lipids, 
blood pressure, and/or other comorbidities.
Materials and methods: Using Meso Scale Discovery (MSD) assays, 
we measured plasma levels of the inflammatory biomarkers IL-6 
(n=9,105), TNF-α (n=9,112) and hsCRP (n=9,680) in participants 
from the Danish Center for Strategic Research in Type 2 Diabetes 
(DD2) cohort. Applying a cross-sectional setup, we conducted mul-
tiple mediation analysis using structural equation modelling with post 
hoc estimations of total, direct and indirect effects.
Results: Waist circumference as a proxy for abdominal adiposity was 
positively associated with all markers of subclinical inflammation. 
Hence, one standard deviation (SD) increase in waist circumference 
(equal to 15 cm) was associated with 0.20 (95% CI 0.18; 0.22), 0.30 
(95% CI 0.28; 0.32) and 0.38 (95% CI 0.36; 0.40) SD increase in TNF-α 
(equal to 1.5 pg/mL), IL-6 (equal to 4.4 pg/mL) and hsCRP (equal to 
6.9 mg/L), respectively. Using multiple mediation analysis, we found 
that high fasting C-peptide, low physical activity, high triglycerides, 
Charlson Comorbidity Index, and high  HbA1c were significant traits 
involved in mediating the association between waist circumference and 
levels of IL-6, TNF-α and hsCRP (Table 1). Notably, fasting C-peptide 
was the quantitatively most important mediator, accounting for 9-25% 
of the association between abdominal adiposity and subclinical inflam-
mation, followed by physical activity (5-7%) and triglyceride levels 
(2-6%). Although mediation by comorbidities and  HbA1c reached sta-
tistical significance, their impact was minor (1-2%).

Conclusion: In persons with new onset type 2 diabetes, abdominal 
adiposity is associated with subclinical inflammation, and fasting 
C-peptide is the quantitatively most important mediating factor sug-
gesting a role for hyperinsulinemia in adiposity-driven inflammation.

Supported by: Danish Agency for Science. The Novo Nordisk. SST. 
DDA.
Disclosure: S.L. Domazet: None.
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Interleukin 1β regulates white adipose tissue remodelling by tar-
geting adipocyte precursors
K. Hofwimmer1, J. de Paula  Souza2, N.  Subramanian1, M. Vujičić3, 
I. Wernstedt  Asterholm3, M. Rydén1, M. Böni-Schnetzler2, D.T. 
 Meier2, M.Y.  Donath2, J.  Laurencikiene1;
1Department of Medicine Huddinge, Karolinska Institutet, Stock-
holm, Sweden, 2Department of Biomedicine, University of Basel 
and University Hospital Basel, Basel, Switzerland, 3Department of 
Physiology/Metabolic Physiology, The Sahlgrenska Academy at Uni-
versity of Gothenburg, Gothenburg, Sweden.

Background and aims: Obesity-associated metabolic diseases, such 
as type 2 diabetes, are closely linked to white adipose tissue (WAT) 
hypertrophy, whereas hyperplastic WAT expansion via differentiation 
of precursors into new adipocytes (adipogenesis) is protective. The 
role of chronic inflammation in insulin resistance is well established, 
but little attention has been paid to its physiological role in WAT. 
We observed that IL-1β is acutely upregulated postprandially most 
prominently in WAT-resident macrophages, suggesting it is part of a 
local response to energy influx. Thus, we aimed to investigate a pos-
sible physiological, metabolic role of IL-1β in WAT energy storage.
Materials and methods: We used adipocyte-specific IL-1 receptor 
knockout  (IL1R1Δadi) or whole-body IL1R knockout (IL1R1-KO) mice, 
fed chow (CD) or high-fat diet (HFD). WAT phenotyping was carried out 
in both models and glucose tolerance and insulin sensitivity were assessed 
in  IL1R1Δadi mice. IL1R1-KO mice were injected with EdU and formation 
of new fat cells was assessed by flow cytometry 9 weeks later. Associa-
tions of WAT morphology with expression of IL1R1, IL1B and its antago-
nist IL1RN were analyzed in a cohort of 56 obese and non-obese women. 
Mechanistic studies were performed in an in vitro model of differentiat-
ing human adipose-derived stem cells, where lipid droplet formation was 
quantified by high-throughput fluorescent microscopy, and gene/protein 
expression was measured by RNA-seq, RT-PCR and Western blotting.
Results:  IL1R1Δadi and wild-type (WT) mice showed similar WAT and 
insulin sensitivity phenotype, whereas IL1R1-KO mice had reduced 
subcutaneous (sc) and gonadal (g) WAT mass on CD (sc: -61%; p < 
0.0001; g: -49%, p < 0.001) and HFD (sc: -45%; p < 0.0001; g: -18%, 
p < 0.01), compared to WT mice. In human WAT, progenitors were 
the major expressers of IL1R1, and reduced IL-1 signaling correlated 
to hypertrophy. In vitro, IL-1β treatment increased lipid droplet forma-
tion in differentiating human adipose-derived stem cells by 88% (p < 
0.0001). IL-1β upregulated several adipogenesis- and lipid handling-
related genes during early, but not late differentiation, and it promoted 
adipogenesis exclusively when added to early-differentiation-stage 
cells. The pro-adipogenic, but not pro-inflammatory effect of IL-1β was 
blocked by chronic pre-treatment and potentiated by acute exposure. 
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IL-1β increased expression of the early adipogenic transcription factors 
CCAAT/enhancer-binding protein (C/EBP)δ and C/EBPβ, and their 
DNA-binding was required for its adipogenic effect. HFD-induced 
formation of new adipocytes was lower in scWAT (-65%, p < 0.05) 
and gWAT (-56%, p < 0.001) of IL1R1-KO compared to WT mice.
Conclusion: Here, we show that progenitors are the major targets of IL-1 
signaling in human WAT, where IL-1β promotes hyperplastic expansion 
via adipogenesis. This probably has a physiological role in allowing WAT 
to adapt during caloric excess. We propose that IL-1β exerts this function 
via its acute postprandial surge, whereas the chronically high levels in obese 
WAT may counteract this effect and instead exacerbate inflammation.
Supported by: VR Research Grant, Novo Nordisk Foundation 
Research Grant, Swiss National Science Foundation
Disclosure: K. Hofwimmer: Grants; VR Research Grant, Novo Nor-
disk Foundation Research Grant.
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Bariatric arterial embolisation vs bariatric surgery: comparison 
of effects in obese patients with type 2 diabetes
R.O. Oliveira1,2, F.O.  Martins1, S.V.  Conde1, T.  Bilhim1, F.V. 
 Gomes1, V.S.  Reuters3;
1Nova Medical School, Universidade Nova de Lisboa, Lisbon, Por-
tugal, 2Unidade de Cirurgia Bariátrica e Metabólica CTO, Hospital 
Cruz Vermelha, Lisbon, Portugal, 3Unidade Cirurgia Bariátrica e 
Metabólica CTO, Hospital Cruz Vermelha, Lisboa, Portugal.

Background and aims: Global diabetes incidence has reached 9.3%, 
with over half (50.1%) of adults undiagnosed, with type 2 diabetes 
(T2D) accounting for about 90% of all people with diabetes (1,2). Obe-
sity is the main risk factor for T2D, due to its relationship with insulin 
resistance and chronic systemic inflammatory process, leading in turn 
to altered glucose homeostasis. The relationship between obesity and 
T2D is so strong that weight loss directly impacts the improvement of 
glycemic control of these patients achieved with clinical and/or nutri-
tional approaches (2). Our aim is to evaluate the long-term metabolic 
control, remission of T2D and weight loss after bariatric arterial embo-
lization (BAE) in comparison with bariatric surgery (RYGB).
Materials and methods: On this prospective, randomised, non-
blinded, controlled and interventional clinical single-centre study, 
we compared the impact of RYGB and BAE on metabolic control in 
patients with T2D and Obesity (BMI between 30-43 Kg/m2) over 1 
year. The study was approved by the Ethics Committee and performed 
in accordance with the Helsinki Declaration. Seven participants aged 
53-74 ± 7 years with mean BMI of 31.7- 47.3 ± 6.7 and 17 partici-
pants aged 21-72 ± 14 years with mean BMI of 31.8- 47.9 ± 4.7 were 
enrolled for the BAE approach and RYGB, respectively. BAE was per-
formed by transarterial embolization of the left gastric artery using 
300- to 500-μm embolic microspheres (embospheres). The RYGB was 
performed according to established surgical procedures. Participants 
were evaluated at baseline, 1,3,6 and 12 months after BAE and RYGB 
surgery. Primary endpoints were 30-day levels of body weight and 
glycemic control parameters. Secondary end points at up to 12 months 
included technical feasibility, impact of weight and the success rate 
of biochemical resolution of T2D. At each visit blood samples were 
collected, and analysis of BMI, weight and waist circumference were 
made. Statistical analysis of percentage of change of each parameter 
was performed by student t-test or One-Way ANOVA.
Results: BAE and RYGB surgery were performed successfully for all 
participants with no major adverse events or procedure complications 
(Clavien Dindo Classification). Body weight loss was significantly 
higher with RYGB surgery at 3 months (BAE= 9.7% and RYGB= 
24.1%, p<0.01). Regarding the T2D remission, most patients stopped 
their diabetes medication after 30 days of BAE with no differences to 
RYGB. Glycemia, triglycerides (TGs) and GGT plasma levels decreased 

significantly more with BAE approach in comparison to RYGB surgery 
(% of change: Glycemia= 30.1 and 14.7, p<0.01; TGs= 72.5 and 21.2, 
p<0.05; GGT= 3.3 and -1.0, for BAE and RYGB, respectively).
Conclusion: Despite RYGB having a higher beneficial impact of 
body weight control, BAE showed to have a higher impact in meta-
bolic control at 3 months post-intervention. We can conclude that 
BAE can be a better alternative for metabolic control in patients 
without indications for the invasive surgical approach of RYGB.
Supported by: Merit Medical Portugal for providing the Embospheres
Disclosure: R.O. Oliveira: None.
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Inflammatory markers are elevated in type 1 and type 2 diabe-
tes and linked to long-term complications
J.I.P. van Heck, R. Stienstra, L.A.B. Joosten, C.J. Tack;
Internal Medicine, Radboudumc, Nijmegen, Netherlands.

Background and aims: Inflammation, including an activated 
innate immune system, not only plays an important role in the 
pathogenesis of diabetes, but is also linked to the development 
of long-term complications. Although the presence of low-grade 
inflammation is well-established , particularly in type 2 diabetes 
(T2D), the underlying mechanism remains largely unknown. To 
gain more insight in the role of chronic low-grade inflammation in 
diabetes, we used a proteomics approach to compared the inflam-
matory profile of people with type 1 diabetes (T1D) and type 2 
diabetes (T2D) with control subjects, and linked these markers to 
diabetes related characteristics and complications.
Materials and methods: This study included 239 participants with T1D, 
388 participants with T2D and 150 age, sex and BMI matched healthy 
controls. Clinical information was collected from all participants including 
the presence of complications. Participants with T2D were followed for 10 
years to determine the development of diabetes related complications and 
survival. Plasma was collected and used to determine C-reactive proteins 
(CRP) and 92 inflammatory markers using the Olink proteomics platform.
Results: Hs-CRP was increased in both T1D and T2D but higher in 
T2D. A number of 41 circulating inflammatory markers were higher in 
T1D compared to healthy controls (FDR<0.05), 64 inflammatory mark-
ers were higher in T2D compared to healthy controls (FDR<0.05). The 
increased markers were mostly overlapping between T1D and T2D. 14 
markers were positively associated with chronic glycemic level  (HbA1c) 
in both type 1 and type 2 diabetes (FDR<0.05). A strong positive associa-
tion was found between BMI and inflammation in T2D, not in T1D. The 
presence of nephropathy was positively associated with several inflam-
matory markers in both type 1 and type 2 diabetes including IL-10RB, 
IL15-RA and TNFRSF9 (FDR<0.05). These markers are all important in 
initiating responses from the innate and adaptive immune system. Using 
the follow up data, we found that MCP-1, GDNF, CDCP1, LAP TGF-
beta-1 and TRAIL were associated with an increased risk of developing 
cardiovascular complications in type 2 diabetes (p-value<0.05), whereas 
FlT3L and EN-RAGE were associated with a reduced risk of developing 
cardiovascular complications (p-value<0.05).
Conclusion: Although inflammatory markers are higher in type 2 
diabetes, both type 1 and type 2 diabetes are associated with increased 
levels of inflammation. Chronic low-grade inflammation in type 1 
diabetes seems mainly associated with glycaemic control, whereas 
BMI may be an additional factor associated with inflammation in type 
2 diabetes. Interestingly, the inflammatory markers that associate with 
long-term complications are similar in type 1 and type 2 diabetes. 
These results suggest that the drivers of inflammation might be dif-
ferent in type 1 and type 2 diabetes, while similar pathways may be 
involved in the development of diabetes associated complications.
Clinical Trial Registration Number: NL42561.091.12,2012-550 and 
NL27783.029.09



S118 Diabetologia (2023) 66 (Suppl 1):S1–S536

1 3

Supported by: TIMID project
Disclosure: J.I.P. van Heck: None.

222
Netosis mediates diet-induced metabolic impairment by sensing 
the microbiota leading to type 2 diabetes
M. Albiero1,2, L.  Migliozzi1,2, S.  Ciciliot3, A.  Rodella1,2, F.I. 
 Amendolagine1,2, C.  Boscaro1,2, L.  Treu1, S.  Campanaro1, G.P.  Fadini1,2;
1University of Padova, Padova, Italy, 2Veneto Institute of Molecular 
Medicine, Padova, Italy, 3University of Pavia, Pavia, Italy.

Background and aims: Neutrophils participate in tissue homeosta-
sis and emerging evidence suggests a role in the pathogenesis of met-
abolic diseases. In type 2 diabetes (T2D), neutrophils are primed to 
release NETs (neutrophil extracellular traps) and undergo NETosis, 
fueling tissue damage and systemic inflammation. Indeed, chronic 
low-grade inflammation is a hallmark of many metabolic disorders, 
such as obesity and T2D, which also exhibit profound alterations in 
the gut microbiota, referred to as dysbiosis. This is associated with 
an influx of bacteria-derived lipopolysaccharides (LPS) into the sys-
temic circulation, a state termed metabolic endotoxemia, which can 
further impinge on metabolic fitness. Intriguingly, the microbiota 
regulates neutrophil production and function. We aimed to examine 
whether NETosis is involved in the development of T2D.
Materials and methods: NETs were quantified in the adipose tissue 
of obese patients through immunofluorescence by detecting  H3Cit posi-
tive cells. A novel NETosis-deficient mouse (Padi4KO) was generated 
by ablating Padi4, the key enzyme for NET release, in hematopoietic 
cells. After 12 weeks of a 60% high-fat diet (HFD), metabolic char-
acterization was performed through ipGTT and ipITT tests, glucose 
uptake in vivo and metabolic cages. NET products were quantified as 
circulating mono- and oligonucleosomes and cell-free double-strand 
(ds) DNA. Metabolic endotoxemia was assessed by measuring plasma 
LPS and intestinal permeability after 4kDa FITC-dextran gavage. Fecal 
microbiota was sequenced with an Illumina NovaSeq 6000 (~20 mil-
lions sequences/sample). For fecal microbiota transplantation (FMT), 
mice were treated with broad-spectrum antibiotics before receiving 3 
gavages of fecal lysates from either standard diet (STD) or HFD donors.
Results: NETosis in the adipose tissue of obese patients correlates with the 
presence of T2D. In mice, NETosis is activated by HFD as we found signif-
icant increased plasma levels of circulating mono- and oligonucleosomes 
(~1.8-fold vs STD; p<0.05) and dsDNA (~1.5-fold vs STD; p<0.0001). 
After HFD, Padi4KO mice were protected from insulin resistance, glu-
cose intolerance and showed reduced accumulation of NET products and 
LPS. Furthermore, Padi4KO mice were spared by systemic inflamma-
tion, intestinal hyperpermeability, barrier dysfunction and GLP-1 reduction 
associated with HFD. Surprisingly, shotgun sequencing of the microbiota 
showed that Padi4KO mice were not protected by dysbiosis. Therefore, 
we asked if neutrophils could sense dysbiosis and through NETosis dis-
seminate inflammation with its metabolic sequelae. FMT revealed that 
lean Padi4KO mice transplanted with the microbiota of T2D mice were 
protected from the onset of dysmetabolism and metabolic endotoxemia. 
Mechanistically, NETs can directly jeopardize gut barrier integrity, promot-
ing LPS spillover. Finally, NETosis can be targeted pharmacologically, as a 
selective PAD4 inhibitor phenocopied genetic ablation of Padi4 in prevent-
ing intestinal hyperpermeability and metabolic dysfunction under HFD.
Conclusion: We uncover for the first time that NETosis is involved 
in the pathogenesis of T2D during the onset of obesity. Neutrophils 
emerge as key actors in translating the deleterious effects of a diet-
modified microbiota into metabolic impairment.
Supported by: Finanziato dall’Unione Europea NextGenerationEU
Disclosure: M. Albiero: None.
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The use of optimal system settings in real-world MiniMed 780G 
system users has a large impact on increasing the time in tight 
glucose range
J. Castaneda, T. van den Heuvel, A. Arrieta, O. Cohen;
Medtronic, Tolochenaz, Switzerland.

Background and aims: The rapid pace of innovation in automated 
insulin delivery systems has introduced unprecedented outcomes 
of glycemic control in people with type 1 diabetes (PwT1D). As 
such, the stringent metric ‘time in tight range’ (TITR, percent-
age of time spent between sensor glucose (SG) values of 70-140 
mg/dL) increasingly receives attention. Here, we report TITR in 
real-world MiniMed 780G advanced hybrid closed-loop (AHCL) 
system users. We also report on (modifiable) factors that improve 
TITR and compare these to factors that improve the time spent in 
the 70-180 mg/dL range (TIR).
Materials and methods: ‘CareLink Personal’ data uploaded from 
August 2020 to December 2022 by de-identified MiniMed 780G 
system users in Europe, Middle East and Africa were included. 
Univariate and multivariable models were used to identify glycemic 
metrics (pre-AHCL initiation), demographics and system charac-
teristics associated with increased TITR post-AHCL initiation, and 
associated with increased TIR post-AHCL initiation. For factors 
that are easily modifiable, we then compared their relative impact 
to the increased TITR post-AHCL versus the increased TIR post-
AHCL. Users with ≥10 days of sensor glucose data pre-AHCL as 
well as post-AHCL initiation were included in the models.
Results: In total, 61,481 users uploaded data, of whom 15,348 
had pre-AHCL SG data and were included in the models. Higher 
pre-AHCL TITR and higher percentage of time in AHCL predicted 
greater TITR post-AHCL. Characteristics inversely associated with 
TITR post-AHCL included percentage of daily basal insulin dose, 
percentage of daily auto correction dose, number of daily AHCL 
exits and number of daily alarms. Modifiable factors that predicted 
increased TITR post-AHCL were the use of ‘optimal settings’ 
(which we defined as an active insulin time (AIT) of 2hrs and a 
glucose target (GT) of 100mg/dL), the number of manual daily 
boluses and 1 to 3 distinct carb ratios per day (p<0.001 for all of 
the above). Interestingly, the before mentioned modifiable factors 
were also predictors for an increased TIR post-AHCL, however, 
the relative impact of ‘optimal settings’ was 80% larger in TITR 
post-AHCL versus TIR post-AHCL (i.e., the use of ‘optimal set-
tings’ when compared to the non-use of ‘optimal settings’ resulted 
in a 17.6% relative increase in TITR post-AHCL, and a 9.8% rela-
tive increase in TIR post-AHCL). The figure, that focusses on all 
61,481 users, shows the times in ranges for all users (left) and for 
those after optimizing the modifiable factors (right).
Conclusion: Modifiable factors such as a glucose target of 100 mg/
dL and an active insulin time of 2 hours were associated with bet-
ter glycemic control. Their impact on the increase of time in tight 
range is even bigger than their impact on the increase of time in 
range. The findings from this analysis can guide the optimal use of 
the MiniMed 780G system and facilitate meaningful improvements 
in tight glycemic control.
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Real-world evidence from MiniMed 780G system users in 
Europe, Middle East, and Africa: results from 61 481 users 
across 31 countries
A. Arrieta, J. Castaneda, T. van den Heuvel, O. Cohen;
Medtronic, Tolochenaz, Switzerland.

Background and aims: Real-world studies increasingly receive 
recognition as a valuable source to provide information on the 
effectiveness and safety of medical products. When encompassing 
large and unbiased populations, they can complement the data gen-
erated from clinical trials that mostly include rather homogeneous 
populations and controlled environments. Here, we report on the 
real-world performance of MiniMed 780G system in users from 
Europe, Middle East, and Africa (EMEA).
Materials and methods: ‘CareLink Personal’ data from August 
2020 to December 2022 were extracted from MiniMed 780G sys-
tem users who were registered in EMEA and who provided consent. 
Users with ≥10 days of sensor glucose (SG) data after advanced 
hybrid closed loop (AHCL) initiation were included in analyses. 
All data after AHCL initiation was used, regardless of whether the 
system was in automated mode or in open loop mode. Continuous 
glucose monitoring (CGM) based endpoints were aggregated for 
(1) the full cohort, for (2) a sub cohort of users on optimal settings 
(i.e., those spending ≥95% of time with a glucose target of 100 mg/
dL and ≥95% of time with an active insulin time of 2 hours) and for 
(3) country specific cohorts of those countries that had >100 users.
Results: The CGM based results are shown in the table. In total, 61 
481 users were followed for a mean of 232.4 (standard deviation 181.8) 
days. The mean SG was 150.6 (16.5) mg/dL, the mean standard devia-
tion of SG was 52.0 (10.7) mg/dL, the mean glucose management 
indicator (GMI) was 6.9 (0.4)%, the mean time in range (TIR) was 73.1 
(10.1)%, and the mean time below 70mg/dL (TBR) was 2.2 (1.8) %. 
In addition, 63.8, 65.4% and 86.5% of users reached the international 
targets of GMI<7%, TIR>70%, and TBR<4%, respectively. For the 
cohort on users with optimal settings, glycemic control was even better 
and TIR reached to 79.2 (7.6%). For the 31 country specific cohorts, 
the glycemic control was consistent across countries.
Conclusion: This analysis in 61 481 real world MiniMed 780G 
users from EMEA showed an average glucose control that exceeds 
internationally recommended targets. Those on optimal settings 
even reached to a TIR of 79.2% without increasing TBR, for which 
reason we recommend the use of optimal settings in case of no 
contra-indications. Results were consistent across EMEA countries.

Disclosure: A. Arrieta: Employment/Consultancy; Medtronic.
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Real-world glycaemic outcomes of >12,200 adults with type 1 dia-
betes using the Omnipod® 5 Automated Insulin Delivery (AID) 
system with cloud-based data management
E.G. Wilmot1, R.A.  Lal2, G.  Aleppo3, L.M.  Huyett4, K.  Snow4, J.J. 
 Mendez4, I.  Hadjiyianni4, T.T.  Ly4;
1School of Medicine, Academic Unit for Translational Medical Sci-
ences, University of Nottingham, Royal Derby Hospital, Derby, UK, 
2Stanford School of Medicine, Stanford, CA, USA, 3Northwestern Uni-
versity, Evanston, IL, USA, 4Insulet Corporation, Acton, MA, USA.

Background and aims: The Omnipod 5 AID System is a novel 
tubeless hybrid closed-loop system that allows for personalized 
therapy through customizable glucose targets from 110-150mg/dL 
in 10mg/dL increments (6.1-8.3mmol/L in 0.55mmol/L increments). 
The system enables automatic upload of data for all users initiating 
the system, facilitating unprecedented access to evaluate real-world 
outcomes.
Materials and methods: Continuous glucose monitoring (CGM) 
and insulin data from Omnipod 5 users with type 1 diabetes (T1D) 
aged ≥18y in the US with ≥90 days of data available in the cloud-
based data management system were included. Data from 12,289 
users with sufficient CGM data (≥75% of days with ≥220 read-
ings) and using the lowest target setting (mean target over time 110-
115mg/dL [6.1-6.4mmol/L]), aged 18 to 25y (n=1,778), 26 to 49y 
(n=6,506), 50 to 64y (n=2,966), and ≥65y (n=1,039) were available 
at the time of analysis, with >1.9 million user-days of data available 
in total.
Results: Average user age was 42.3±14.8y (mean±SD) with a median 
of 167 days of system use. Outcomes are shown in the Table for each 
age group. Median time in target range (70-180mg/dL; 3.9-10.0mmol/L) 
was 67.5%, 71.4%, 72.7%, and 76.3% for each age group, respectively. 
Time spent in hypoglycemia (<70mg/dL; <3.9mmol/L) was low 
(median 1.0%) in each age group.
Conclusion: These results are the first to demonstrate that in over 
12,200 adults using the Omnipod 5 System in a real-world setting, 
highly favorable glycemic outcomes are achievable and are similar to 
those first reported in a pivotal trial.
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Sustained improvement of glycaemic control and patient-reported 
outcomes after 12 months of advanced hybrid closed-loop in type 
1 diabetes in real-world
J. De Meulemeester1, M. M.  Visser1, B.  Keymeulen2, C. 
 Vercammen3, M.  Strivay4, G.  Vanhaverbeke5, C. De  Block6, L. Van 
 Huffel7, L.  Winne8, I.  Lowyck9, K.  Spincemaille10, R.  Radermecker11, 
D.  Ballaux12, C.  Mathieu1, P.  Gillard1;
1University Hospitals Leuven - KU Leuven, Leuven, Belgium, 2Uni-
versity Hospital Brussels, Brussels, Belgium, 3Imelda Hospital, Bon-
heiden, Belgium, 4CHR Citadelle, Liege, Belgium, 5AZ Groeninge, 
Kortrijk, Belgium, 6University Hospital Antwerp, Antwerp, Belgium, 
7OLV Hospital Aalst, Aalst, Belgium, 8AZ Damiaan, Oostende, Bel-
gium, 9Hospital Oost-Limburg, Genk, Belgium, 10AZ Delta, Roese-
lare, Belgium, 11CHU Liege, Liege, Belgium, 12Vitaz, Sint-Niklaas, 
Belgium.

Background and aims: Data from randomized controlled trials sup-
port the use of advanced hybrid closed-loop (aHCL) in the manage-
ment of type 1 diabetes (T1D). This 12-month prospective observa-
tional multicenter study evaluated the impact of an aHCL system on 
glycemic control and patient reported outcomes (PROs) in adults with 
T1D in a real-world setting.
Materials and methods: People with T1D who started the Medtronic 
 MiniMedTM 780G between Oct 2020 and Dec 2021 were consecutively 
recruited at 12 diabetes clinics across Belgium. Clinical data and PROs 
were prospectively collected during routine follow-up at start and 4, 
8, and 12 months after start of aHCL. PROs were evaluated through 
validated questionnaires (SF-36, Problem Areas In Diabetes - Short 
Form, Hypoglycemia Fear Survey, and Diabetes Treatment Satisfaction 
Questionnaire). Primary endpoint was the evolution of time in range 
(TIR; 70-180 mg/dL) from aHCL initiation to 12 months. Data are 
reported as mean ± SD or least-square mean (95% CI).
Results: Of the 650 included participants, data were available from 567 
(87.2%) after 12 months. People were 42 ± 14 years old and predomi-
nantly female (62.4%), had T1D for 23 ± 12 years, and the majority 
used an insulin pump previously (87%). TIR increased significantly 
from start to 4 months (60.6% [58.9-62.2] vs 75.3% [74.0-75.3] , 
p<0.001), which was sustained up to 12 months (74.3% [73.0-75.6], 
p<0.001). After 12 months, HbA1c decreased from 7.7% (7.5-7.8) 

to 7.3% (7.0-7.7) (p<0.001), time <70 mg/dL from 3.7% (3.2-4.3) to 
2.1% (1.7-2.4) (p<0.001), and time <54 mg/dL from 0.9% (0.7-1.1) 
to 0.4% (0.5-0.2) (p<0.001). General quality of life (QoL) was high 
at start and remained stable over 12 months. Participants experienced 
less diabetes distress (6.5 points [5.7-7.3] vs 5.3 [4.5-6.0] at 12 months, 
p<0.001) and less worries about hypoglycemia (20.9 points [19.3-22.5] 
vs 16.7 [15.2-18.3] at 12 months, p<0.001). They reported higher treat-
ment satisfaction with the use of aHCL (29.4 points [28.8-30.1] vs 
31.4 [30.8-32.1] at 12 months, p<0.001). The number of participants 
reaching consensus targets increased significantly as shown in Table 1.
Conclusion: Use of the Medtronic  MiniMedTM 780G system resulted 
in a sustained improvement in glycemic control, diabetes-related QoL 
and treatment satisfaction in people with T1D in real-world for up to 
12 months, thereby supporting the use of aHCL systems in T1D care.

Clinical Trial Registration Number: NCT04414280
Disclosure: J. De Meulemeester: None.
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Fully closed loop system for the treatment of type 1 diabetes: a 
real-world prospective observational study
A.C. van Bon1, H.  Blauw2, T.J.P.  Jansen2, G.D.  Laverman3, A.H. 
 Mulder4, M.  Out5, B.J.J.  Schouwenberg6, M.A.R.  Vermeulen7, M.N. 
 Gerding8, J.P.H. van  Wijk9, M.  Klaassen2, M.  Witkop2, J.H.  DeVries10;
1Rijnstate Hospital, Arnhem, Netherlands, 2Inreda Diabetic B.V., 
Goor, Netherlands, 3ZGT Hospital, Almelo en Hengelo, Netherlands, 
4Slingeland Hospital, Doetinchem, Netherlands, 5MST, Enschede, 
Netherlands, 6Radboud university medical center, Nijmegen, Nether-
lands, 7CWZ, Nijmegen, Netherlands, 8Deventer Hospital, Deventer, 
Netherlands, 9Hospital Gelderse Vallei, Ede, Netherlands, 10Amster-
dam UMC, Amsterdam, Netherlands.

Background and aims: People with type 1 diabetes on hybrid closed 
loop (HCL) have to manage insulin administration for carbohydrate 
intake and need to raise the glucose target level before physical activ-
ity. Fully closed loop (FCL) systems allow glucose regulation without 
entering carbohydrate intake or physical activity. These systems seem 
very promising but long-term data are not yet available. In this study, 
we assessed long-term performance and safety of a bi-hormonal FCL 
system.
Materials and methods: The bi-hormonal FCL system (Inreda AP®) 
was assessed in a multicenter, prospective, observational cohort study 
in adults with type 1 diabetes from eight hospitals in the Netherlands. 
The primary endpoint was time in range (TIR: 3.9-10.0 mmol/L) after 
1 year of FCL use and secondary endpoints included additional per-
formance parameters, safety, and person-reported outcomes using 
questionnaires.
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Results: In total, 82 individuals were enrolled, on multiple daily 
injections (18%), insulin pump (76%), or HCL system (6%). 61% 
were on FGM and 39% on CGM. TIR increased from 55.5±18.3% 
at baseline to 80.3±5.4% after 1 year of FCL treatment (p<0.0001). 
Time below range (2.31 [0.88-4.30] to 1.36 [0.80-2.11]%), time above 
range (40.9±20.4 to 18.2±4.9%), HbA1c (61.4±10.1 to 51.9±6.0 
mmol/mol) and mean glucose level (9.6 [8.6-10.7] to 7.8 [7.6-8.1] 
mmol/L) decreased substantially after 1-year FCL treatment (all 
p<0.0001, see Fig. 1). The Problem Areas in Diabetes (30 [19-41] 
to 10 [4-21]) and World Health Organization-Five Well-Being index 
(60 [44-72] to 76 [60-80]) significantly improved from baseline (both 
p<0.0001). Five serious adverse events were reported (cerebellar 
stroke, two severe hypoglycemic and two hyperglycemic events).
Conclusion: Real-world data obtained with this bi-hormonal FCL 
system demonstrate substantial improvements over regular care in 
individuals with diabetes, who are relieved from making treatment 
decisions and the burden of carbohydrate counting. Whether use of 
this FCL system leads to less long-term complications needs inves-
tigation in future studies.

Clinical Trial Registration Number: NL9578
Supported by: Inreda Diabetic B.V.
Disclosure: A.C. van Bon: None.
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What does upgrading from hybrid closed-loop systems to 
advanced hybrid closed-loop systems mean for children and 
adults with type 1 diabetes in real-world practice?
P. Beato-Víbora1, E. Gil-Poch2, F.J. Arroyo-Díez2;
1Endocrinology and Nutrition Department, Badajoz University Hos-
pital, Badajoz, Spain, 2Department of Paediatrics, Badajoz University 
Hospital, Badajoz, Spain.

Background and aims: Closed-Loop systems are increasingly being 
used for the management of type 1 diabetes (T1D). These systems have 
evolved from a first generation of Hybrid Closed-loop (HCL) systems 
to a second generation of Advanced Hybrid Closed-Loop (AHCL) 
systems. The benefits obtained when upgrading from HCL to AHCL 
in clinical practice need to be further explored. The aim of the study 
was to analyse the changes in glycaemic outcomes and usability of the 

system in an adult and paediatric population of AHCL systems users 
previously using HCL systems.
Materials and methods: A prospective longitudinal intervention study 
was performed. Subjects with T1D consecutively upgrading from the 
HCL system  MiniMedTM 670G to the AHCL system  MiniMedTM 
780G, with Guardian® Sensor 4, were included. 2-week downloads 
were collected before upgrading and after 3 months of use of the AHCL 
system. Time In Range (TIR) 70-180 mg/dl, time in hypoglycaemia, 
time in hyperglycaemia and parameters related to the use of the system 
were compared, at baseline and at the end of the follow-up.
Results: 70 T1D subjects were included (age: 31 ± 15 years, from 7 
to 65 years old, sex: 64% (n = 45) females, children and adolescents < 
18 years old: 27% (n = 19), diabetes duration: 19 ± 11 years, baseline 
HbA1c: 7.54 ± 0.83%, high level of education 31% (n = 22)). Differ-
ences in glycaemic control and use of the system are summarised in 
Table 1. The percentage of patients achieving the target of TIR 70-180 
mg/dl > 70% increased from 60% (n = 42) on HCL to 79% (n = 55) on 
AHCL (p = 0.007). 64% (n = 45) of the subjects improved their TIR 
70-180 mg/dl. GMI decreased from 6.93 ± 0.3% to 6.77 ± 0.28% (n = 
60, GMI not reported in 10 subjects due to insufficient sensor use). No 
significant differences in the coefficient of variation of sensor glucose 
were found. On AHCL, 94% (n = 66) of the participants had a glucose 
target of 100 mg/dl, 84% (n = 59) had an active insulin time of 2 
hours and all of the subjects had the autocorrection function activated. 
Autocorrection insulin was 34.73 ± 12.31% of bolus insulin (9.34 ± 
5.62 units per day, 29.87 ± 9.30 boluses per day). After upgrading to 
the AHCL system, the percentage of basal insulin was reduced from 
50.86 ± 10.76% to 42.88 ± 8.07% (p < 0.001), due to the delivery of 
autocorrection boluses. The number of meals per day was reduced from 
4.68 ± 1.95 to 4.32 ± 1.63 (p = 0.034), probably reflecting less “fake 
carbs” introduced in the AHCL system, compared to the HCL system. 
The number of hypoglycaemia alarms did not change after the upgrade, 
but the number of hyperglycaemia alarms was reduced from 4.14 ± 
5.48 to 2.66 ± 2.09 per day (p = 0.016). The percentage of subjects 
using the temporary target at least once in two weeks was increased 
from 33% (n = 23) to 40% (n = 28) (p = 0.013).
Conclusion: AHCL systems improve glycaemic control and allow 
increased usability, compared to HCL systems, in children, adoles-
cents and adults with T1D.

Disclosure: P. Beato-Víbora: None.
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Copenfast trial: foetal growth and glycaemic control in pregnant 
women with type 1 or type 2 diabetes randomised to faster-acting 
insulin aspart or insulin aspart
S. Nørgaard1,2, J. Søholm1,2, E.  Mathiesen1,2, K. Nørgaard3, T. 
 Clausen1,4, P.  Holmager3, N.  Do1,2, P.  Damm1,4, L.  Ringholm1,2;
1Center for Pregnant Women with Diabetes, Rigshospitalet, Copenha-
gen, Denmark, 2Department of Endocrinology and Metabolism, Rig-
shospitalet, Copenhagen, Denmark, 3Steno Diabetes Center Copen-
hagen, Herlev, Denmark, 4Department of Obstetrics, Rigshospitalet, 
Copenhagen, Denmark.

Background and aims: Insulin analogues are widely used in preg-
nancy. Faster-acting insulin aspart (faster aspart) is approved for use 
in pregnancy but has not been evaluated in a pregnant population. We 
aimed to evaluate the effect of faster aspart vs. insulin aspart (IAsp) 
on fetal growth and glycaemic control in pregnant women with type 
1 or type 2 diabetes.
Materials and methods: In a single-center, open-label trial from 
November 2019 to May 2022 women were stratified by diabetes type 
and insulin treatment modality (multiple daily injections or insulin 
pump) and randomized, between 8 weeks (+0 days) and 13 weeks 
(+6 days), to faster aspart or IAsp. Women with type 1 diabetes used 
intermittently scanned continuous glucose monitoring (isCGM) as 
part of routine care. Primary outcome was offspring birthweight 
standard deviation (SD) score. Secondary outcomes included mild 
hypoglycaemia (managed by the woman) in the previous week and 
 HbA1c at inclusion, 21, 33, and 35 weeks, as well as severe hypo-
glycaemia (requiring third party assistance) reported in a structured 
interview. The raw isCGM spreadsheets during pregnancy were 
downloaded and used to assess time in range in pregnancy (TIRp, 
3.5-7.8 mmol/l) and time below range in pregnancy (TBRp, target 
<4%) throughout pregnancy.
Results: In total, 216 participants were included; faster aspart n=109 
and IAsp n=107. Baseline data were comparable. Primary outcome 
data were available in 94% (71% type 1 (of whom 19% used insulin 
pump), 29% type 2 diabetes). Offspring birthweight SD score was mean 
1.0 (SD 1.4) vs. 1.2 (SD 1.3), mean difference -0.2 (95% confidence 
interval -0.6-0.1), p=0.23 with 41% vs. 46% large for gestational age 
infants (p=0.39). At 33 weeks, women using faster aspart reported fewer 
mild hypoglycaemic events compared to IAsp (2.0 (0.8 - 4.0) vs. 3.0 
(1.0 - 5.0) episodes per week, p=0.03), while  HbA1c was 41 (38-46) vs. 
43 (39-46) mmol/mol, p=0.28. From randomization to delivery 1 (1%) 
vs. 7 (7%) women reported severe hypoglycaemia (p=0.07) with fewer 
events reported by women using faster aspart compared to IAsp (1 vs. 
10 events, p=0.03). The average isCGM TiRp ≥70% was obtained from 
approximately 22 weeks in the faster aspart group versus 29 weeks in the 
IAsp group, while TBRp mainly remained around 5% during pregnancy 
in both groups. Prevalence of preeclampsia was 15% vs. 12% (p=0.51) 
and preterm delivery <37 weeks 19% vs. 22% (p=0.64). No perinatal 
deaths were reported.
Conclusion: In pregnant women with type 1 or type 2 diabetes, use 
of faster aspart resulted in comparable fetal growth and  HbA1c with 
less hypoglycaemia relative to IAsp.
Clinical Trial Registration Number: NCT03770767
Supported by: Novo Nordisk A/S
Disclosure: S. Nørgaard: Grants; Novo Nordisk A/S.

230
Randomised trial of automated insulin delivery in pregnant 
women with type 1 diabetes
H.R. Murphy1,2, T.T.M.  Lee1,2, C.  Collett3, S.  Bergford4, S.  Hartnell5, 
E.M.  Scott6, R.S.  Lindsay7, K.F.  Hunt8, D.R.  McCance9, R.M.  Reynolds10, 
M.E.  Wilinska11, J.  Sibayan4, C.  Kollman4, R.  Beck4, R.  Hovorka11;
1Norwich Medical School, University of East Anglia, Norwich, UK, 
2Norwich and Norfolk University Hospitals NHS Foundation Trust, Nor-
wich, UK, 3Norwich Clinical Trials Unit, Norwich Medical School, Uni-
versity of East Anglia, Norwich, UK, 4Jaeb Center for Health Research, 
Tampa, FL, USA, 5Cambridge University Hospitals NHS Foundation 
Trust, Cambridge, UK, 6Leeds Institute of Cardiovascular and Metabolic 
Medicine, University of Leeds, Leeds, UK, 7Institute of Cardiovascular 
and Medical Sciences, University of Glasgow, Glasgow, UK, 8King’s 
College Hospital NHS Foundation Trust, London, UK, 9Regional Centre 
for Endocrinology and Diabetes, Royal Victoria Hospital, Belfast, UK, 
10Centre for Cardiovascular Science, University of Edinburgh, Edin-
burgh, UK, 11Wellcome-Trust-Medical Research Council Institute of 
Metabolic Science, University of Cambridge, Cambridge, UK.

Background and aims: Hybrid closed-loop therapy shows promise 
for managing type 1 diabetes during pregnancy, but its efficacy is 
unclear. Objective: To examine the clinical efficacy of hybrid closed-
loop during pregnancies with type 1 diabetes.
Materials and methods: In a multicentre parallel-group randomised 
controlled trial, we recruited pregnant women with type 1 diabetes and 
HbA1c ≥48mmol/mol at nine United Kingdom sites to standard insulin 
therapy with continuous glucose monitoring (control) or to hybrid closed-
loop. The primary outcome was the between-treatment difference in per-
centage of time with sensor glucose measurements in the pregnancy-spe-
cific target range (3.5-7.8mmol/L) from 16 weeks’ gestation until delivery. 
Analyses were performed according to intention-to-treat principles. Key 
secondary outcomes included percentage of time spent hyperglycaemic 
(>7.8mmol/L), overnight time-in-range, HbA1c, and safety events.
Results: 124 participants (mean±SD) aged 31.1±5.3 years and baseline 
HbA1c 7.7±1.2% were randomised before 15 weeks’ gestation. The mean 
(±SD) percentage of time that maternal glucose levels were within target 
range was 68.2±10.5 in the closed-loop group and 55.6±12.5 in the control 
group (mean adjusted difference, 10.5 percentage points (95% confidence 
interval [CI], 7.0 to 14.0; P < 0.001). Results were consistent in secondary 
outcomes, with less time spent hyperglycaemic; (-11% 95% CI -14 to - 7%); 
higher overnight time-in-range; (13% 95% CI 9 to 17%), and lower HbA1c; 
(-0.31%; 95% CI -0.50 to -0.12%) all favouring closed-loop therapy and with-
out additional hypoglycaemia. The treatment effect was apparent from early 
pregnancy, consistent across clinical sites, maternal HbA1c categories and 
previous insulin pump or injections. A significantly higher percent of closed-
loop participants achieved CGM targets (time-in-range >70%: 46% vs 10%; 
p<0.001 and time-above-range <25%: 37% vs 11%; p=0.007 [closed-loop 
vs. control]). There were no unanticipated safety problems (six versus five 
severe hypoglycaemia, one diabetic ketoacidosis per group, seven adverse 
device events) associated with using closed-loop therapy during pregnancy. 
One neonatal death that was unrelated to standard insulin therapy occurred.
Conclusion: Hybrid closed-loop therapy significantly improved mater-
nal glycaemia during type 1 diabetes pregnancy. Our results support 
proposed NICE guideline recommendations that hybrid closed-loop 
therapy should be offered to all pregnant women with T1D.
Clinical Trial Registration Number: ISRCTN 56898625
Supported by: NIHR EME reference 16/35/01, JDRF awards #22-
2013-266 and #2-RSC-2019-828-M-N
Disclosure: H.R. Murphy: Honorarium; Dexcom, Abbott, Medtronic 
and Novo Nordisk. Other; sits on the Medtronic European Scientific 
Advisory Board.
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Reducing sedentary time in obese pregnant women is related to 
greater placenta IL-6 expression: a mechanism linking reduced 
sedentary behaviour with lower neonatal adiposity
P.P. Acosta Manzano1, G.  Desoye2, D.J.  Hill3, M.N.M. Van  Poppel1, 
the DALI core investigator group;
1University of Graz, Graz, Austria, 2Department of Obstetrics and 
Gynaecology, Medical University Graz, Graz, Austria, 3Lawson 
Health Research Institute, London, ON, Canada.

Background and aims: Hyperglycaemic conditions, such as obesity, can 
impair placental development, alter fetal growth trajectories, and lead to exces-
sive neonatal adiposity. In the DALI study, we showed that reducing sedentary 
time (ST) in obese women during pregnancy reduced neonatal adiposity. IL-6 
concentration is altered in obese pregnancies and can potentially affect placenta 
cell signalling, inflammation and transport of nutrients to the fetus. Hence, pla-
cental IL-6 could be a factor linking reduced ST with lower neonatal adiposity.
Materials and methods: A DALI subsample of 99 obese pregnant women 
was analysed. Maternal ST was measured using accelerometers before 20 
weeks and at 24-28 weeks of gestation. Placenta IL-6 mRNA content was 
quantified by Nanostring technology. In venous cord blood samples, glucose, 
C-peptide and leptin levels were quantified by conventional chemistry meth-
ods or immunoassays. C-peptide and leptin were used as surrogates of fetal 
insulinemia and total body fat, respectively. An estimate of fetal insulin sensi-
tivity (HOMA C-peptide) was calculated: [glucose*C-peptide/22.5]. Imme-
diately after birth, skinfold thickness was measured in the triceps, quadriceps, 
subscapular and supra-iliac region, and their values were summed. Neonatal 
fat mass was estimated using a sex-specific equation. Fat % was estimated.
Results: An increase in ST was associated with lower placental IL-6 mRNA 
content and cord blood C-peptide levels (estimates a1 and a2 in Figure). Both 
IL-6 mRNA and C-peptide were positively associated with cord blood leptin 
and fat % (estimates b1 and b2, respectively). Cord blood C-peptide mediated 
the relationship between placental IL-6 mRNA and neonatal cord blood leptin 
(indirect effect: -1.18μg/L, 95%CI -2.11 to -0.39) and fat % (-0.47%, -1.06 to 
-0.05) (data not shown). The full mediation model (see Figure) showed that 
the association between a change in ST with neonatal adiposity was medi-
ated by placenta IL-6 mRNA (indirect effect 1), partly through cord blood 
C-peptide (indirect effect 3), but was not mediated by cord blood C-peptide 
alone (indirect effect 2). The results remained similar when we replaced cord 
blood C-peptide with HOMA C-peptide. No interaction with fetal sex was 
detected. All models were adjusted for relevant confounders (gestational age 
at birth, use of caesarean section, mode of delivery, time in h between birth 
and the measurement of neonate sum of skinfolds).
Conclusion: Reducing ST during pregnancy in obese women is asso-
ciated with higher placental IL-6 expression, subsequent lower fetal 
hyperinsulinemia and insulin resistance and, potentially, reduced neo-
natal adiposity. We suggest that placental IL-6 is involved in the path-
way linking reduced ST with lower neonatal adiposity.

Clinical Trial Registration Number: ISRCTN70595832
Supported by: European Community’s 7th Framework Program 
(FP7/2007–2013); national funding agencies; MSCA-IF
Disclosure: P.P. Acosta Manzano: None.

232
Maternal diet, nutrition and metabolism in the first trimester 
influences offspring beta cell function at birth
C.L. Meek1, Z.  Stewart2, S.  Furse1, S.  Neoh3, D.  Feig4, A.  Koulman1, 
H.R.  Murphy5;
1University of Cambridge, Cambridge, UK, 2University of Leices-
ter, Leicester, UK, 3University of Melbourne, Melbourne, Australia, 
4University of Toronto, Toronto, ON, Canada, 5University of East 
Anglia, Norwich, UK.

Background and aims: Type 1 diabetes in pregnancy is associated 
with perinatal complications attributed to increased offspring beta 
cell function at birth, causing fetal hyperinsulinism. Conventional 
management prioritises glycaemia in late pregnancy to reduce hyper-
insulinism, but the timing and pathophysiology of hyperinsulinism 
remains unclear. We assessed if fetal hyperinsulinism, quantified by 
cord C-peptide at birth, was associated with early pregnancy changes 
in nutrition or metabolism.
Materials and methods: 111 women in the Continuous Glucose Moni-
toring (CGM) in Pregnant women with Type 1 diabetes Trial (CON-
CEPTT) had a livebirth with measurement of cord C-peptide Liquid 
chromatography-mass spectrometry of maternal serum (12, 24, 34 wks; 
n=101) and cord blood (n=93) measured 2105 metabolites. Statisti-
cal analysis: linear regression of Cord C-peptide with adjustment for 
maternal age, BMI, parity, ethnicity, education, intervention and gly-
cemia (birth gestation for offspring). Significance limit was p=0.001.
Results: In maternal blood at 12 weeks, positive associations were 
noted between nine metabolites and cord C-peptide, including lipids, 
saccharin and other dietary phenolic compounds. At 24 weeks, a phe-
nolic compound and lipids maintained positive associations. At 34 
weeks, 124 species showed positive associations with cord C-peptide, 
including saccharin, free fatty acids, monoglycerides, diglycerides, tri-
glycerides and phospholipids. This metabolic profile was distinct from 
that of large-for-gestational age and neonatal hypoglycemia, despite the 
perceived pathophysiological overlap in these conditions. Cord blood 
showed elevated carnitines and betonicine.
Conclusion: First trimester nutritional and metabolic exposures 
influence offspring beta cell function at birth. Further work should 
identify if pregnancy exposures influence long-term pancreatic 
function in offspring, with consequences across the lifecourse. Die-
tary phenolic compounds and lipid metabolism in early pregnancy 
warrant further investigation as potentially modifiable contributors 
to offspring hyperinsulinism.
Clinical Trial Registration Number: NCT01788527
Supported by: Diabetes UK
Disclosure: C.L. Meek: None.

233
One-hour versus two-hour post-load hyperglycaemia subtypes of 
gestational diabetes and the risk of adverse pregnancy outcomes
Y. Gong, J. Wang, X. Zheng, S. Luo;
The First Affiliated Hospital of USTC, Division of Life Sciences 
and Medicine, University of Science, Hefei, China.

Background and aims: Women diagnosed with gestational diabetes 
(GDM) can possibly consist of different subtypes depending on increased 
plasma glucose at different time points during the oral glucose tolerance 
test (OGTT). We aim to compare the risk of adverse pregnancy outcomes 
between women of each subtype characterized by increased 1-hour post-
load glucose level and 2-hour post-load glucose level.
Materials and methods: We conducted a nested case-control study 
within a cohort of women delivered in 2022 who were screened for 
GDM according to the IADPSG criteria at 24-28 gestation weeks 
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with 75 g glucose OGTT. We selected 326 GDM patients with normal 
fasting glucose levels and post-load hyperglycemia. 3 subtypes were 
derived based on the 1-hour and 2-hour post-load glucose level: 1-hour 
hyperglycemia (1-hour post-load hyperglycemia and normal 2-hour 
post-load glucose level), 2-hour hyperglycemia (normal 1-hour post-
load glucose level and 2-hour post-load hyperglycemia), and 1hour/2-
hour hyperglycemia (both 1-hour and 2-hour post-load hyperglycemia). 
We made a pairwise comparison between the 3 groups and evaluated 
the odds of adverse pregnancy outcomes (preeclampsia, cesarean sec-
tion, large for gestational age birth weight [LGA], macrosomia, and 
neonatal jaundice) for each subtype in regression models adjusted for 
maternal age, BMI and parity.
Results: Out of the 326 patients, 78 were 1-hour hyperglycemia, 95 
were 2-hour hyperglycemia, and 153 were 1-hour/2-hour hyperglyce-
mia. The incidence of LGA and macrosomia in 1-hour hyperglycemia 
group were significantly higher than in 2-hour hyperglycemia group 
and 1hour/2-hour hyperglycemia (all P<0.05). In multivariable mod-
els with 1-hour hyperglycemia as the reference group, women with 
2-hour hyperglycemia had lower risks of macrosomia (adjusted OR 
0.55 95%CI 0.34-0.90) and LGA (adjusted OR 0.30 95%CI 0.10-
0.91). For patients with 1hour /2-hour hyperglycemia, a lower risk of 
macrosomia was observed with adjusted OR 0.51 (95%CI 0.27-0.98). 
The risks of adverse pregnancy outcomes did not differ between 
groups of 2-hour hyperglycemia and 1hour/2-hour hyperglycemia.
Conclusion: Gestational diabetes patients characterized by 1-hour 
hyperglycemia had a higher risk of macrosomia and LGA.
Clinical Trial Registration Number: ChiCTR2200055766
Supported by: Program for Innovative Research Team of The First 
Affiliated Hospital of USTC，CXGG02
Disclosure: Y. Gong: None.

234
Identification of miRNAs associated to peroxisome proliferator-
activated receptor gamma in pancreatic metabolic adaptation 
during pregnancy
P. Corrales-Cordon1, L.  Torres1, L. Ramirez-Jimenez2, M. Mar-
tin-Taboada1, P. Fernandez-Garcia1, D.  Horrillo1, A. Izquierdo-
Lahuerta1, R. Vila-Bedmar1, M. Peña-Chilet3, C.  Martinez1, J. 
 Dopazo3, M.  Ros1, G. Medina-Gómez1;
1Department of Basic Health Sciences, Universidad Rey Juan Carlos, 
Madrid, Spain, 2Centro de Investigación Príncipe Felipe, Valencia, 
Spain, 3Fundación Progreso y Salud, Sevilla, Spain.

Background and aims: During gestation, there is a reversible increase 
in pancreatic beta-cell mass expansion and pancreatic beta-cell 

hyperfunction due to the increased physiological maternal insulin 
resistance that develops in the last third of gestation. Decreased expres-
sion of peroxisome proliferator-activated receptor gamma (PPARγ) on 
pancreatic beta cells has been described to result in this failure of pan-
creatic beta mass adaptation, increasing the risk of developing gesta-
tional diabetes mellitus. MicroRNAs (miRNAs) have been described 
as important regulators of physiological and pathological processes, 
including pregnancy. Thus, the aim of this study was to analyze the role 
of PPARγ, as well as the identification of miRNAs, in the adaptation of 
pancreatic beta cells during the last third of gestation.
Materials and methods: A mouse animal with specific deletion of 
PPARγ in the pancreatic beta cell (BγKO) was generated. Pregnant 
females were tested for glucose and/or insulin tolerance at D15 of 
gestation and sacrificed at D18. Histological studies were performed 
in total pancreas. Moreover, pancreatic islets were extracted for in 
vitro secretion studies and for the identification of miRNAs (by per-
forming Agilent microarray miRNAs and Complete Labeling miRNA 
microarray) modulated by a decreased expression of PPARγ. Moreo-
ver, serum miRNAs were detected. After, in silico studies were per-
formed for analyzing the effect of the miRNAs in the regulation of 
pathways and target genes related to the adaptation of the beta cells 
during gestation.
Results: Pregnant BγKO did not show significant differences in glu-
cose and insulin tolerance with respect to their control counterparts. 
However, the pregnant BγKO show a greater expansion of pancre-
atic beta cell mass (anti-insulin IHC, p<0,05), although with a lower 
in vitro insulin secretion (p<0,05). In addition, the expression of 
miRNAs was detected by microarray in islets, and it was changed in 
pregnant BγKO (p<0,05). Thus, the results of the microarray were 
validated by qRT-PCR with certain miRNAs detected in the discov-
ery phase (let-7a-5p, miR-126a-3p, miR-375-3p, miR-3620-5p). The 
relevant role of these miRNAs showed their association with the 
insulin secretion pathway from pancreatic beta cells by altering key 
genes: Nkx, Usf, Hnf4a and Foxa1. Moreover, some of these miR-
NAs detected in pancreas (with an up-regulated expression) were 
also detected in serum (let-7e-5p, miR-125a-5p, miR-126a-3p, miR-
141-3p, miR-200a/b-3p, miR-429-3p).
Conclusion: These data indicate that adequate expression of PPARγ 
in the pancreatic beta cell is necessary to ensure normal pancreatic 
metabolism during late gestation. In addition, certain miRNAs could 
be considered as a strategy for identifying the failure of endocrine 
pancreas functionality, suggesting their possible role as potential bio-
markers during gestation.
Supported by: BFU2016-78951-R; P2022/BMD-7227; PDC2021-
121871-I00, PID2020-116875RB-I00; Young Researchers-CAM/
URJC-A485
Disclosure: P. Corrales-Cordon: None.
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Renal effects of empagliflozin alone or in combination with sema-
glutide in albuminuric type 2 diabetes: a randomised, placebo-
controlled trial
S. Sivalingam1, V. Soendergaard  Wasehuus1, V. Rotbain  Curovic1, 
T. Willum  Hansen1, F.  Persson1, P.  Rossing1,2;
1Steno Diabetes Center Copenhagen, Copenhagen, Denmark, 2Uni-
versity of Copenhagen, Copenhagen, Denmark.

Background and aims: Sodium-glucose cotransporter-2 (SGLT2) 
inhibitors and glucagon-like peptide-1 receptor agonists (GLP-1RA) 
are antidiabetic agents with potential to preserve kidney function. 
The different mechanisms of SGLT2 inhibitors and GLP-1 agonists 
indicate that combination therapy may have additive or synergistic 
effects, but this has not been tested with albuminuria as primary 
endpoint. We investigated if combined treatment with empagliflozin 
(SGLT2) and semaglutide (GLP-1RA) further reduced urinary albu-
min creatinine ratio (UACR) compared to treatment with empagliflo-
zin alone in persons with type 2 diabetes and albuminuria.
Materials and methods: Randomized, placebo-controlled, double-
blind, parallel, single center study including persons with type 2 
diabetes and albuminuria (UACR > 100 mg/g). All initiated open 
label empagliflozin 25 mg/day in a run-in period of 26 weeks. Sub-
sequently, they were randomized (1:1) to subcutaneous injections 
of semaglutide 1 mg/day or matching placebo for 26 weeks. Pri-
mary endpoint was change in UACR (measured in 3 consecutive first 
morning void urine samples) from randomization to end of study 
after 26 weeks of treatment. Secondary endpoints were changes from 
randomization to end of study in (1)  HbA1c; (2) body weight; (3) 
measured glomerular filtration rate (GFR); and (4) 24-hour systolic 
blood pressure.
Results: A total of 60 participants on empagliflozin were randomly 
assigned to additional semaglutide (n = 30) or placebo (n = 30). 
Mean age was 70.1 (SD 8.0) years, 22 % were female, median dia-
betes duration was 18 [IQR 13-25] years, median UACR was 128.2 
[IQR 78.5-285.3] mg/g, mean body weight was 92.9 (SD 14.9) kg, 
mean  HbA1c was 62 (SD 13) mmol/mol [7.8 (3.3) %], mean GFR was 
53.8 (SD 22.7) ml/min per 1.73  m2 and mean 24-hour systolic blood 
pressure was 136 (SD 14) mmHg. Mean UACR change from randomi-
zation to end of study after 26 weeks of treatment was -15.5 ((95 % CI 
-34.0 to 8.0) %, p= 0.17) in the combination group and 14.8 ((-11.8 
to 49.4) %, p=0.29) in the placebo group with a mean difference of 
-26.4 ((-48.2 to 4.6) %; p = 0.086). The mean change in  HbA1c was 
-9.4 ((-13.5 to -5.2) mmol/mol [-0.86 (SD 0.96) %], p < 0.001) in the 
semaglutide group and -0.6 (-4.4 to 3.3) mmol/mol [-0.05 (SD 0.85)] 
%, p=0.77) in the placebo group with a significant difference between 
groups (mean difference: -8.8 (-14.3 to -3.3) mmol/mol, p=0.002). 
There was no difference between treatment groups in body weight 
(mean difference: -1.6 (-4.5 to 1.3) kg, p=0.28), measured GFR 
(mean difference: 3.8 (-3.9 to 11.5) ml/min per 1.73  m2, p=0.33) 
or 24-hour systolic blood pressure (mean difference: -4.6 (-12.7 to 
3.5) mmHg, p=0.26). Three participants discontinued treatment due 
to adverse events (2 in the semaglutide and 1 in the placebo group).
Conclusion: This randomized clinical trial could not demonstrate a 
significant effect of 26 weeks of combined treatment with empagli-
flozin and semaglutide compared to empagliflozin alone on UACR 
(primary endpoint), measured GFR, 24-hour systolic blood pressure 
or body weight in participants with type 2 diabetes and albuminuria. 

The combined treatment significantly improved glycemic control 
compared to treatment with empagliflozin alone.
Clinical Trial Registration Number: NCT04061200
Supported by: Novo Nordisk A/S
Disclosure: S. Sivalingam: None.

236
The impact of obstructive sleep apnoea treatment on chronic kid-
ney disease in patients with type 2 diabetes: results from a 2-year 
feasibility RCT 
E.A. Makhdom1,2, A.  Maher3, R.  Ottridge3, M.  Nicholls1, A.  Ali4, 
B.G.  Cooper5, R.  Ajjan6, S.  Bellary5, W.  Hanif7, F.  Hanna8, D. 
 Hughes9, V.  Jayagopal10, N.  Adderley11, S.  Patel3, A.A.  Tahrani1;
1Institute of Metabolism and System Research, University of Birming-
ham, Birmingham, UK, 2Imam Abdulrahman Bin Faisal University, 
Dammam, Saudi Arabia, 3Birmingham Clinical Trials Unit, Univer-
sity of Birmingham, Birmingham, UK, 4University Hospitals Coventry 
and Warwickshire NHS Trust, Coventry, UK, 5University Hospitals of 
Birmingham NHS Foundation Trust, Birmingham, UK, 6Leeds Insti-
tute of Cardiovascular and Metabolic Medicine, University of Leeds, 
Leeds, UK, 7Institute of Metabolism and System Research, Centre for 
endocrinology, diabetes and metabolism, Birmingham health partners, 
Birmingham, UK, 8University Hospitals of North Midlands NHS Trust, 
Stoke on Trent, UK, 9University Hospitals of Derby & Burton NHS 
Trust, Derby, UK, 10York Teaching Hospital NHS FT, York, UK, 
11University of Birmingham, Birmingham, UK.

Background and aims: Obstructive Sleep Apnoea (OSA) is asso-
ciated with an increased risk of chronic kidney disease (CKD) in 
patients with Type 2 diabetes (T2D). Hence, it is plausible that con-
tinuous positive airway pressure (CPAP) might reduce the burden of 
CKD in T2D.
Materials and methods: We conducted an open-label multicentre (13 
centres) feasibility randomised control trial (RCT) in which patients with 
T2D and OSA (apnoea hypopnea index AHI ≥ 10 events/hour) were 
randomised to CPAP vs no CPAP over 2 years. Participants with a rest-
ing oxygen saturation <90%, a central apnoea index >15/hrs or Epworth 
Sleepiness Score (ESS) >= 11 were excluded. The primary outcomes 
of this trial were related to feasibility. In this abstract, we report on the 
secondary outcomes related to CKD, which were assessed based on the 
estimated glomerular filtration rate (eGFR) and urinary albumin creati-
nine ratio (ACR). Micro- and macro-albuminuria was defined as ACR 
>3.4mg/mmol and ≥30mg/mmol, respectively, on a single urine sample. 
The follow-up procedures were amended due to the COVID-19 pandemic.
Results: Eighty-three patients were randomised to CPAP vs no CPAP (43 
vs 40) with a median [IQR] follow-up of 645 [545,861] days. The study 
population mean (SD) age was 62.5 (10.9) years, and diabetes duration 
was 12.2(7.9) years. 89.1 % (n=74) were white European ethnicity, 71.1% 
(n=59) were men, 77.7% (n=59) had obesity, and 48.2% (n=40) were 
prescribed insulin. Study-end renal data was available in 49 patients due 
to the COVID pandemic. Only 26/43 patients used CPAP, with a median 
(IQR) usage of 3:40 (hours: minutes) [0:06, 4:45] per night. The intention-
to-treat analysis is summarised in Table 1. During the study, eGFR and 
ACR improved in the CPAP arm while remained stable in the no CPAP 
arm. At the study end, being randomised to CPAP compared to no CPAP 
was associated with numerically higher eGFR, lower ACR and lower risk 
for the development of albuminuria and eGFR < 60 mL/min/1.73m2.
Conclusion: CPAP might have a favourable impact on eGFR and ACR, 
but this requires a to be tested in a full adequately powered RCT .
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Clinical Trial Registration Number: the ISRCTN registry (https://
www.isrctn.com/ISRCTN12361838, Registered 04 April 2018, Pro-
tocol version: v5.0 02.12.19)
Supported by: Clinician Scientist Fellowship awarded to the 
Chief Investigator by the National Institute for Health Research 
(CS-2013-13-029)
Disclosure: E.A. Makhdom: None.
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Sodium-glucose cotransporter-2 inhibitors decrease oxygen con-
sumption in adults with type 2 diabetes: a randomised clinical 
trial using 11C-Acetate PET imaging
D.H. van Raalte1, A.C.  Hesp1, L.I.P.  Snel1, P.R.  Schober1, L.A. 
 Schwarte1, R.  Boellaard1, P.  Bjornstad2;
1Amsterdam UMC, Amsterdam, Netherlands, 2University of Colo-
rado, School of Medicine, Aurora, CO, USA.

Background and aims: Kidney hypoxia has been proposed as key 
pathophysiological mechanism in the development of chronic kidney 
disease, potentially stemming from a mismatch between oxygen deliv-
ery and oxygen consumption. Sodium-glucose cotransporter-2 inhibi-
tors (SGLT2i) are kidney protective drugs that initially lower glomerular 
filtration rate (GFR). Accordingly, we hypothesized that SGLT2i lower 
kidney oxygen consumption by reducing GFR and associated tubular 
workload.
Materials and methods: Twenty adults with type 2 diabetes (T2D) 
(sex 80% male, age 68±6 years, BMI 30±4 kg/m2, HbA1c 7.5±0.9%, 
eGFR 76 ± 11 mL/min/1.73m2) received a 4-week treatment with 
SGLT2i ertugliflozin (ERTU) and matched placebo (PLB) in a ran-
domized, double-blind cross-over study. Participants were treated 
with metformin and received maximal tolerable dose of an angioten-
sin receptor blocker. Whole-kidney oxygen consumption  (Kmono) was 
measured by Positron Emission Tomography (PET) imaging using 
11C-acetate. GFR was measured by gold-standard iohexol clearance. 
Tubular sodium transport (TNa) was calculated by kidney sodium load 
(([arterial Na]*mGFR) - urinary sodium excretion). Kidney efficiency 
calculated as TNa/  Kmono.
Results: GFR was lower during ERTU (94 ± 14 mL/min) vs. PLB 
(99 ± 15 mL/min) treatment (p=0.02).  Kmono was 0.086 ± 0.006  min-1 
during ERTU and 0.091 ± 0.009  min-1 during PLB (p<0.01). Kidney 
sodium load (12.9 ± 1.90 vs 13.7 ± 2.22 mmol/min) and TNa (12.7 
± 1.87 vs 13.6 ± 2.18 mmol/min) were lower during ERTU (p=0.02 
for both), while urinary sodium excretion (p=0.1) and TNa/  Kmono 
remained unchanged (p=0.7). TNa strongly associated with  Kmono 
(r=0.50; p<0.0001).
Conclusion: In conclusion, SGLT2i lowers mGFR, TNa, and kidney oxygen 
consumption, potentially decreasing hypoxia risk. SGLT2i treatment did not 

lower overall kidney efficiency, despite the ATP efficiency of cortical sodium 
transport. Additional data on cortex and medulla-specific oxygen consump-
tion and multiparametric kidney MRI data will be presented at EASD.
Clinical Trial Registration Number: NCT04027530
Supported by: MSD
Disclosure: D.H. van Raalte: Employment/Consultancy; Astra-
Zeneca, Bayer, the Boehringer Ingelheim–Eli Lilly Alliance, MSD, 
Sanofi. Grants; AstraZeneca, the Boehringer Ingelheim–Eli Lilly 
Alliance, MSD, Sanofi.
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Liraglutide’s kidney-protective effect in type 1 diabetes: modulat-
ing macrophage polarisation via selective NADPH oxidase activity
A. Eid, N. Youssef, M.H. Noureldein, S. Al Moussawi;
Anatomy, Cell Biology, and Physiological Sciences, American Uni-
versity of Beirut, Beirut, Lebanon.

Background and aims: Diabetes Mellitus is a chronic disease asso-
ciated with several complications, including diabetic kidney disease 
(DKD), which can lead to end-stage kidney failure. Studies have 
shown that the immune system plays a vital role in the pathogenesis 
of DKD. Macrophages, in particular, have been implicated in the ini-
tiation and progression of the immune response in DKD. However, the 
intracellular mechanisms of macrophage polarization in DKD are not 
well understood. It has been suggested that after infiltrating the glo-
meruli, macrophages tend to polarize towards an M1 pro-inflammatory 
phenotype instead of an M2 anti-inflammatory phenotype. Further-
more, the overproduction of reactive oxygen species (ROS) has been 
implicated in the progression of DKD. Liraglutide, a Glucagon-like 
peptide-1 receptor agonist (GLP-1RA), has been shown to have kid-
ney protective effects, but the mechanism behind this effect is not 
well understood. In this study, we aimed to investigate the protective 
effect of liraglutide on the kidneys in a mouse model of type 1 diabetes 
(T1D) and to elucidate its effect on macrophage polarization towards 
an M2 anti-inflammatory phenotype through modulation of NADPH 
oxidase activity.
Materials and methods: C57/BL6J adult male mice were divided into 
three groups (n=5): a control group, a T1D group treated with saline, 
and a T1D group treated subcutaneously with 0.3 mg/kg body weight 
of liraglutide twice daily. Kidney functional studies were performed, 
after which the mice were sacrificed and their kidneys were removed 
for histopathological, biochemical, and molecular tests. All our results 
are analyzed by One-way ANOVA test, p-value <0.05, CI 95%.
Results: Our results show that liraglutide treatment significantly 
improved kidney injury, as evidenced by several measures includ-
ing kidney weight to body weight ratio, blood urea nitrogen (BUN), 
urinary albumin to creatinine ratio (ACR), and proteinuria. Addi-
tionally, histopathology analysis of kidney sections showed reduced 
glomerular hypertrophy, glomerulosclerotic index, and collagen 
deposition in the liraglutide-treated T1D mice compared to the 
untreated T1D mice. The reno-protective effect of liraglutide was 
further supported by the decreased expression of pro-inflammatory 
cytokines such as IL-1β, IL-6, IL-12, IL-23, IFN-γ, and TNF-α, as 
well as M1 phenotype specific markers including iNOS, STAT1, 
CCL5, CXCL9, and CXCL10. Conversely, liraglutide treatment 
led to an increase in anti-inflammatory cytokines including IL-4, 
IL-10, and IL-13, paralleled by an increase in M2 macrophage phe-
notype specific markers such as ARG-1, CD206, Retnla, STAT6, 
CCL17, and CCL22. Furthermore, we found that liraglutide treat-
ment attenuated ROS overproduction in mice kidney biopsies. 
Specifically, liraglutide treatment reduced overall NADPH oxidase 
activity, with selective activity on DUOX isoforms.
Conclusion: To the best of our knowledge, this is the first study dem-
onstrating that liraglutide has an anti-inflammatory and reno-protective 

https://www.isrctn.com/ISRCTN12361838
https://www.isrctn.com/ISRCTN12361838
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effect in T1DM, which is manifested by a shift in macrophage polari-
zation from the pro-inflammatory M1 phenotype to the anti-inflamma-
tory M2 phenotype through modulation of NADPH oxidase activity.
Supported by: AMERICAN UNIVERSITY of Beirut - Medical Practice 
Plan regular Research Grant
Disclosure: A. Eid: None.
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Additive effect of SGLT2 inhibition and CB1R antagonism in the 
fight against diabetic nephropathy
O. Pointeau1, A.  Ba1, A.  Geissler1, P. Passilly-Degrace1, M.  Nivot1, 
J.  Leemput1, L.  Demizieux1, B. Vergès1, P.  Degrace1, G.  Crater2, T. 
 Jourdan1;
1INSERM UMR1231 CTM, University of Burgundy, Dijon, France, 
2Inversago Pharma Inc, Montreal, QC, Canada.

Background and aims: Diabetic nephropathy (DN) is one of the 
most common complications of diabetes. While pharmacological 
approaches exist, including renin angiotensin aldosterone system 
(RAAS) blockers and sodium-glucose cotransporter type 2 inhibitors 
(SGLT2i), the cannabinoid 1 receptor (CB1R) has emerged as a new 
potential therapeutic target. Pharmacological blockade of CB1R leads 
to an improvement of many DN features in rodents. Since SGLT2i has 
become the new standard of care for DN, we evaluated if combining 
CB1R antagonism with SGLT2i leads to better reno-protection than 
SGLT2i or CB1R blockade alone.
Materials and methods: 40 C57BLKS-Leprdb/db mice and 6 control 
non-diabetic mice were fed a high protein diet for 9 weeks (45% kCal from 
proteins). After 5 weeks, diabetic mice were divided into 4 groups and 
were treated either with control vehicle, the SGLT2i empagliflozin (0.3 
mg/kg/day), the CB1R blocker INV-202 (0.5 mg/kg/day), or a combina-
tion of both by oral gavage for 28 days. We then analyzed the diagnostic 
parameters for DN such as albuminuria, glycemia, and urinary albumin 
to creatinine ratio (ACR). Moreover, we assessed general kidney state by 
evaluating the parameters associated with RAAS activation, oxidative 
stress, and inflammation. To study renal damage and matrix remodeling 
potentially leading to renal fibrosis, we analyzed the histological changes 
in different cell types such as podocytes and proximal tubular cells (PTEC).
Results: Both SGLT2i and INV-202 alone significantly improved albu-
minuria and ACR while the combo was significantly more effective. 
Interestingly, similar observations were noted for inflammatory mark-
ers such as Tnf and Ccl2 expression and for oxidative stress markers 
such Nox1, Nox2, and Nox4 expression. Furthermore, we observed an 
additive protective effect of the combo regarding the normalization of 
glomerular morphology, prevention of podocyte loss (as evidenced by 
Wilms’ tumor 1 immunostaining) and PTEC morphology. PTEC injury 
was also significantly lowered by the combo as established by a marked 
decrease in urinary KIM1 and DKK3 levels. Moreover, in Sirius red 
stained slides, we observed a significant reduction in tubulointerstitial 
fibrosis after combo treatment compared with monotherapy and vehi-
cle-treated mice. In parallel, a greater repression of pro-fibrotic gene 
expression (Col1α1, Col1α2, Col3α1, Fn1) was noted for the combina-
tion compared with single treatments. Interestingly, p-SMAD3 protein 
expression was also reduced with INV-202 or SGLT2i alone and the 
combination led to a greater inhibition. This suggests a modulation of 
the TGF-β/SMAD3 pathway in the resolution of fibrosis.
Conclusion: Our results suggest that a poly-pharmacological 
approach combining both SGLT2i and CB1R antagonism might rep-
resent a promising therapeutic strategy for the management of DN.
Supported by: Funded by Inserm, the SFD, the ANR (ANR-
22-CE14-0055-01) and Inversago Pharma Inc.
Disclosure: O. Pointeau: None.
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Cystatin C-based eGFR increases with administration of estradiol 
and decreases with testosterone, indicating biological effects of 
sex hormones on kidney function
S. van Eeghen1, C.  Wiepjes1, N.  Nokoff2, P.  Bjornstad3, M. den 
 Heijer1, D. van  Raalte1;
1Amsterdam UMC, location VUmc, Amsterdam, Netherlands, 2Uni-
versity of Colorado Denver School of Medicine, Aurora, CO, USA, 
3Department of Medicine, University of Colorado School of Medi-
cine, Aurora, CO, USA.

Background and aims: Diabetic kidney disease appears to be more 
prevalent in men versus pre-menopausal women in both type 1 and 
2 diabetes. However, women with diabetes appear to be at higher 
risk of progressing to kidney failure. The pathoetiology underly-
ing this sexual dimorphism is incompletely understood, but may 
relate to the effect of sex hormones on kidney function. Previ-
ous studies in transgender individuals have shown that masculin-
izing (testosterone) hormone therapy increases serum creatinine 
and feminizing (estradiol combined with anti-androgen) hormone 
therapy decreases serum creatinine. Translating this into eGFR, 
eGFR increases in transwomen and decreases in transmen during 
gender-affirming hormone therapy (GAHT). However, serum cre-
atinine is significantly confounded by changes in lean body mass 
(LBM), which also changes during GAHT, with transmen gain-
ing and transwomen losing muscle mass. Accordingly, changes 
in creatinine-derived eGFR during hormone therapy may not be 
ascribed to true changes in GFR. Cystatin C is another endogenous 
filtration marker that is not affected by changes in LBM. Thus, we 
studied the effects of GAHT on serum cystatin C, a sex-independ-
ent marker for eGFR.
Materials and methods: In a prospective, observational study of 
the European Network for the Investigation of Gender Incongruence 
(ENIGI), serum cystatin C was measured in 266 transwomen and 285 
transmen before and at 12 months of GAHT. Transwomen received 
feminizing hormone therapy, consisting of oral (n= 122) or trans-
dermal administration (n= 144) of estrogen in combination with the 
oral anti-androgen cyproteroneacetate. Transmen received masculin-
izing hormone therapy, which consisted of intramuscular (n= 144) or 
transdermal (n= 141) administration of testosterone. Serum cystatin 
C-based eGFR was calculated according to the full-age-spectrum 
equation (FAScysC; mL/min/1.73m2). Linear regression was used to 
assess the means.
Results: In transwomen (baseline characteristics; median age 29 
(IQR 23-43) years; median BMI 22.9 (IQR 20.8-26.4) kg/m2; cre-
atinine 78.6 ± 9.9 μmol/L; creatinine-based CKD-EPI eGFR 110 
± 14 mL/min/1.73m2), cystatin C decreased by 0.07 (95% CI, 0.05 
to 0.09) mg/L; from 0.94 ± 0.17 mg/L before GAHT to 0.87 ± 0.15 
mg/L at 12 months of GAHT. This corresponds to an increase in 
FAScysC of 7 (95% CI, 5 to 9) mL/min/1.73m2; from 93 ± 17 to 100 
± 18 mL/min/1.73m2. In transmen (baseline characteristics; median 
age 22 (IQR 20-28) years; median BMI 24.7 (IQR 21.4-30.1) kg/m2; 
creatinine 66.8 ± 9.3 μmol/L; creatinine-based CKD-EPI eGFR 110 
± 15 mL/min/1.73m2) cystatin C increased by 0.05 (95% CI, 0.03 
to 0.07) mg/L; from 0.89 ± 0.17 mg/L before GAHT to 0.95 ± 0.16 
mg/L at 12 months of GAHT. This is consistent with a decrease in 
FASCysC of 6 (95% CI, 4 to 8) mL/min/1.73m2; from 101 ± 19 to 
94 ± 15 mL/min/1.73m2.
Conclusion: In this large-sized cohort of transgender individuals, 
cystatin C-based eGFR increased with feminizing hormone therapy 
and decreased with masculinizing hormone therapy, indicating bio-
logical effects of sex hormones on kidney function, which warrants 
further investigation.
Disclosure: S. van Eeghen: None.
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Analyses of type 2 diabetes partitioned polygenic scores among 
Asian Indian and European populations
A.L. Melhem1, R.M.  Anjana2, M.  Bigossi1, S.  Srinivasan1, R. 
 Venkatesan2, V.  Mohan2, C.N.A.  Palmer1, M.  Siddiqui1;
1University of Dundee, Dundee, UK, 2Doctor Mohan diabetes speci-
alities centre, Chennai, India.

Background and aims: The genetic architecture of type 2 diabe-
tes was explored in terms of different Partitioned Polygenic Scores 
(pPS). Partitioned Polygenic scores aggregate risk alleles associated 
with the disease into specific groups according to the underlying 
biology. The contrast in type 2 diabetes risk between ethnicities is 
partly due to variations in underlying pathophysiological pathways. 
We used pPS to identify which etiological pathways for diabetes 
risk are enriched in Asian Indians compared to white Europeans, 
and which pathways drive young-onset type 2 diabetes and clinical 
presentations of diabetes.
Materials and methods: We used biobanks of individuals of Asian 
Indian and white European ancestry as part of the India-Scotland Part-
nership for Precision Medicine in Diabetes study. A total of 15,056 
Asian Indians and 19,581 white Europeans were included in the analy-
sis. We defined 9 pPS based on published clustering approaches. These 
pPS were named beta-cell function, lipodystrophy, insulin hypersecre-
tion, obesity, proinsulin, liver-lipids, lipoprotein-A and alkaline phos-
phatase. Variants were weighted by their cluster score and the reported 
association with the trait driving the cluster. The generated pPS were 
then standardised (sd=1). Tukey HSD test and linear regression analy-
ses were used to assess differences in pathway-specific type 2 diabetes 
genetic risk across ancestry groups and determine their role in younger 
onset diabetes. Finally, we examined the association of phenotypic sub-
types observed in Indians with the genetic risk proposed through pPS
Results: Overall, the only pathways with greater genetic burden in 
White Europeans compared to Asian Indians were greater obesity, 
lower proinsulin levels, and higher triglycerides. Independent genetic 
drivers of younger onset diabetes in Asian Indians, after correcting for 
multiple comparisons, were: lower HOMA-B (B=-0.73, P=1.3x10-7), 
lipodystrophy weighted by adiponectin levels (-0.89, P=9.8x10-11) 
and obesity weighted by waist-to-hip ratio (B=-0.70, P=4x10-8). 
Compared to age- and ancestry-matched controls, Asian Indians with 
young onset (diagnosis<= 40 years) showed the greatest difference 
in standardised genetic risk of lipodystrophy (P=2.2 x 10-16), this 
burden was lesser in those diagnosed at later ages. The pPS showed 
distinct patterns underlying clinical diabetes phenotypic sub-types in 
Asian Indians: those with Severe Insulin Deficient Diabetes had the 
greatest genetic burden of low proinsulin, beta-cell dysfunction, and 
insulin secretion but a low genetic burden of obesity risk. In contrast, 
those with the Insulin Resistance Obese Diabetes phenotype showed 
a high risk of diabetes only through increased genetic risk of obesity. 
The Combined Insulin Resistant and Deficient Diabetes phenotype 
group was genetically distinct and showed an increased genetic bur-
den of both insulin deficiency and resistance pathways.
Conclusion: The pathophysiological pathways of diabetes risk differ 
significantly between Asian Indians and white Europeans. Notably, 
Asian Indians have a higher risk of type 2 diabetes due to genetically 
driven lower beta-cell function and lipodystrophy compared to white 
Europeans, which in part drives the earlier onset of diabetes. These 
genetically-determined pathophysiologies underly different clinical 
sub-types of type 2 diabetes in Asian Indians.

Supported by: PhD funded by University of Dundee, Baxter Fellowship
Disclosure: A.L. Melhem: None.
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Impact of the TCF7L2 rs7903146 type 2 diabetes risk variant on 
clinical presentation in recently diagnosed patients with type 2 
diabetes
A.L. Hansen1, L.M.  Engelhard2, C. Brøns3, N.  Jessen4, J.S.  Nielsen5, 
P.  Vestergaard6, K. Højlund5, M.K.  Andersen7, T.  Hansen7, M.H. 
 Olsen8, R.W.  Thomsen9, H.T. Sørensen9, A.  Vaag10;
1Clinical Research, Steno Diabetes Center Copenhagen, Herlev, Den-
mark, 2Clinical Research, Lund University, Lund, Sweden, 3Clinical 
research, Steno Diabetes Center Copenhagen, Herlev, Denmark, 4Steno 
Diabetes Center Aarhus, Aarhus University Hospital, Aarhus, Den-
mark, 5Steno Diabetes Center Odense, Odense University Hospital, 
Odense, Denmark, 6Steno Diabetes Center North Denmark, Aalborg 
University Hospital, Aalborg, Denmark, 7Novo Nordisk Foundation 
Center for Basic Metabolic Research, University of Copenhagen, 
Copenhagen, Denmark, 8Dept. Internal medicine, Steno Diabetes 
Center Zealand, Holbæk, Denmark, 9Department of Clinical Epide-
miology, Aarhus University Hospital, Aarhus, Denmark, 10Lund Uni-
versity Diabetes Centre, Lund University, Lund, Denmark.

Background and aims: The transcription factor 7-like 2 (TCF7L2) 
rs7903146 variant is the most impactful common genetic risk variant 
for type 2 diabetes (T2D). The risk variant has been associated with 
lower insulin secretion, inflammation, atherosclerosis, lipid accumu-
lation, and altered body composition. However, it is unknown whether 
the TCF7L2 rs7903146-T risk allele is associated with a distinct clini-
cal presentation in recently diagnosed T2D patients.
Materials and methods: In total, 2954 recently diagnosed T2D patients 
from the Danish Center for Strategic Research in T2D cohort were geno-
typed. We used a cross-sectional design, to examine the additive impact 
on anthropometric measures, glucose and -insulin metabolism, blood 
pressure, lipids, and subclinical inflammation using multivariable linear 
regression. Associations with medication use and comorbidities were 
examined using log-binomial and robust Poisson regression.
Results: In total, the risk allele frequency was 0.325. After adjusting for 
sex, year of birth, and birthweight, the rs7903146 T-allele was associated 
with 0.58 years (95% CI: -1.20, 0.03) lower age at diagnosis, a 0.57 kg/
m2 (95% CI: 0.25, 0.89) lower BMI and a 1.50 cm (95% CI: 0.73, 2.26) 
smaller waist circumference. For glucose-insulin metabolism, the per allele 
effect included a 6% (95% CI: 3.5, 8.5) lower fasting plasma C-peptide, a 
5.8% (95% CI: 3.2, 8.3) lower HOMA2-insulin secretion, and a 6.3% (95% 
CI: 3.5, 9.3) higher HOMA2-insulin sensitivity. In categorical analysis, 
the additive effect of rs7903146 T-allele was associated with an increased 
prevalence ratio (PR) of 1.19 (95% CI: 1.03, 1.38) for having microvascular 
complications at enrolment, primarily driven by diabetic neuropathy (PR 
= 1.18 [95% CI: 1.01, 1.38]). Carriers of the rs7903146 T-allele were 
furthermore less likely to be on antihypertensive medication at enrolment 
(PR = 1.14 [95% CI: 1.05, 1.24]).
Conclusion: The TCF7L2 rs7903146 T-allele was associated with a 
slightly younger age at diagnosis, less obesity, lower HOMA2-insulin 
secretion, and higher HOMA2-insulin sensitivity. Further carriers of the 
risk allele had a higher risk of being diagnosed with diabetic neuropa-
thy at time of T2D diagnosis. Genotyping of additional 6000 recently 
diagnosed T2D patients in the DD2 cohort is ongoing, and results for 
all 8954 T2D patients in the cohort will be presented at the EASD 2023.
Supported by: Novo Nordisk Foundation
Disclosure: A.L. Hansen: None.
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Discovery of a new treatment for a novel form of rare diabetes 
caused by an insulin gene mutation using patients’ iPSC-derived 
beta cells
Y. Tong1, M.  Becker2, U.  Schierloh2, Y.  Cai1, F. Natividade da  Silva1, 
F.  Fantuzzi1, T.  Sawatani1, C.  Vinci1, N.  Pachera1, L.  Haataja3, P. 
 Arvan3, C. De  Beaufort2, M.  Cnop1;
1ULB Center for Diabetes Research, Université Libre de Bruxelles, 
Brussels, Belgium, 2Pediatric Endocrinology and Diabetology 
(DECCP), Centre Hospitalier de Luxembourg, Luxembourg, Lux-
embourg, 3Division of Metabolism, Endocrinology & Diabetes, Uni-
versity of Michigan Medical School, Ann Arbor, MI, USA.

Background and aims: Patients with monogenic forms of diabetes 
may benefit from tailored treatment based on the understanding of 
disease etiology. A heterozygous mutation (c.16C>T, p.Arg6Cys, 
INSR6C) in the signal peptide of the insulin gene has been shown 
to be diabetogenic and to impair preproinsulin translocation into the 
endoplasmic reticulum (ER) and the secretory pathway. We discov-
ered a family with homozygous and heterozygous INSR6C mutations 
and examined pathogenic mechanisms and therapeutic options using 
induced pluripotent stem cell (iPSC) models.
Materials and methods: The INSR6C mutation was identified by 
targeted Sanger sequencing and classified using ACMG/AMP and 
ACGS 2020_V4.01 guidelines. We reprogrammed peripheral blood 
mononuclear cells from the proband and her father into iPSCs, 
CRISPR/Cas9 corrected the INSR6C mutations, and differentiated 
the iPSCs into pancreatic β cells.
Results: A homozygous INSR6C mutation was detected in a girl 
who developed diabetes at the age of 11 years with HbA1c 106.6 
mmol/mol (11.9%), plasma C-peptide 3.3 ng/ml, concomitant gly-
cemia 286 mg/dL, no ketoacidosis and a negative autoantibody 
panel (GADA, IA2A, IAA, ZnT8A). On hybrid closed loop insulin 
pump her HbA1c remained > 63.9 mmol/mol (8%). Family history 
revealed diabetes in 2 uncles (diagnosed at 9 and 20 years of age), 
caused by the homozygous INSR6C mutation. Both were initially 
treated with insulin. The proband’s parents were heterozygous 
for INSR6C. The father developed diabetes at 32 years, and her 
mother had impaired glucose tolerance at 41 years. We differenti-
ated the proband’s and her father’s iPSCs into INSR6C β cells. 
Western blots showed an increase of preproinsulin-to-proinsulin 
ratio in homozygous INSR6C β cells, and less so in heterozygous 
INSR6C β cells. Homozygous INSR6C β cells had 1.9-fold lower 
insulin content and 2.5-fold lower glucose (16.8 mM)-stimulated 
insulin secretion compared with corrected cells (p < 0.05), while 
heterozygous cells showed an intermediate phenotype. Exposure 
to synthetic ER stressor thapsigargin (1 μM, 48 hours) induced 
apoptosis in corrected, heterozygous, and homozygous INSR6C β 
cells (p < 0.05). The GLP-1 analogs exenatide and dulaglutide (50 
nM) protected homozygous INSR6C β-cells against thapsigargin 
(p < 0.05); no significant protection was seen for heterozygous 
or corrected β cells. The proband’s father responded well to the 
combination of insulin degludec and the GLP-1 analog semaglu-
tide, bringing his HbA1c from 88.0 mmol/mol (10.2%) to 51.9 
mmol/mol (6.9%).
Conclusion: We report the first three patients with a homozy-
gous INSR6C mutation as a cause of diabetes. The homozygous 
INSR6C mutation leads to preproinsulin accumulation in β cells 
and reduces insulin content and secretion. Homozygous INSR6C 
iPSC-β cells are protected from ER stress by GLP-1 analogs; also 
considering the good glucose control in the GLP-1 analog-treated 
heterozygous patient, it may be considered as a novel treatment 
in this young patient.
Supported by: INNODIA HARVEST, F.R.S.-FNRS, Endo-ERN
Disclosure: Y. Tong: None.
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Pnliprp1 (pancreatic lipase related protein 1) hypermethylation 
in the exocrine pancreas links type 2 diabetes to pancreatic cancer 
development: an EWAS study
L. Maurin1, L.  Ning1, M.  Boissel1, L.  Marselli2, F.  Pattou3, J. Kerr-
Conte3, P.  Marchetti2, A.  Bonnefond1,4, P.  Froguel1,4, A.  Khamis1,4;
1INSERM UMR1283, CNRS UMR8199, European Genomic Insti-
tute for Diabetes, Institut Pasteur de Lille, University of Lille, Lille, 
France, 2University of Pisa, Department of Clinical and Experimen-
tal Medicine, Pisa, Italy, 3INSERM UMR1190, University of Lille, 
Inserm, European Genomic Institute for Diabetes, Lille, France, 
4Imperial College London, Department of Metabolism, London, UK.

Background and aims: Type 2 diabetes (T2D) is a strong risk fac-
tor for pancreatitis and pancreatic ductal adenocarcinoma (PDAC), 
however, the mechanisms driving this association are unknown. We 
investigated whether T2D-mediated epigenetic alterations in the exo-
crine pancreas functionally contribute to this association.
Materials and methods: We performed an epigenome-wide associa-
tion study (EWAS) with DNA methylation data (using Illumina 850K 
methylationEPIC arrays) from 141 whole pancreas tissue samples 
from organ donors, of which 28 had T2D, to identify exocrine-spe-
cific methylation sites associated with T2D. We subsequently analysed 
exome sequencing data from the UKbiobank and performed functional 
characterisation of PNLIPRP1 in the rat acinar AR42J cell line.
Results: Our EWAS identified one genome wide significant hyper-
methylation (beta value=11.4%; FDR=0.02) associated with T2D at the 
cg15549216 probe, located in the only enhancer of the acinar-specific 
gene PNLIPRP1, encoding Pancreatic Lipase Related Protein 1. We 
found PNLIPRP1 expression to be downregulated (-53%, p = 0.002) 
in T2D, compared to non-diabetic controls and PNLIPRP1 expres-
sion was negatively correlated with methylation levels (p = 0.04,  R2 = 
0.35). Using UK Biobank sequencing data, we found that PNLIPRP1 
rare null mutations were associated with increased LDL-cholesterol 
(p = 0.03; effect size = 0.10) and glucose levels (p = 1.1×10-3; effect 
size = 0.13), BMI (p = 3.1×10-4; effect size = 0.04) and waist-hip 
ratio (p = 7.6×10-3; effect size = 2.19), hinting at a role in metabo-
lism. PNLIPRP1 functional studies in the AR42J cell line revealed 
that 1) a diabetogenic environment reduces Pnliprp1 expression, fur-
ther suggesting that PNLIPRP1 is indeed downregulated in T2D, and 
2) Pnliprp1 knockdown (KD) decreases the expression of acinar cell 
cycle genes and increases the expression of genes involved in choles-
terol metabolism pathways. In addition, the KD of Pnliprp1 induced a 
downregulation of acinar cellular markers and an upregulation of ductal 
markers, which is indicative of acinar-to-ductal metaplasia (ADM), a 
response to cellular stress and an early event in PDAC initiation.
Conclusion: Our EWAS study identified an epigenetically-regulated 
decrease in acinar cell specific PNLIPRP1 expression associated with 
T2D. Our genetic and functional analyses further support a role of 
PNLIPRP1 in lipid and glucose metabolism, which may contribute 
to acinar-to-ductal metaplasia and may favour the development of 
pancreatic cancer in the context of diabetes.
Supported by: SFD, EGID ANR-10-LABX-0046
Disclosure: L. Maurin: None.
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Application of multiomics to identify novel molecular mechanisms 
of atherosclerotic plaque instability in type 2 diabetes patients
V. Das1, X.  Zhang22, D.  Djordjevic1, O.  Bergman2, M.  Chemaly2, D. 
 Shungin1, N.  Michaelsen1, K.  Knape1, U.  Hedin2, L.  Matic2;
1Novo Nordisk A/S, Malov, Denmark, 2Vascular Surgery, Department 
of Molecular Medicine and Surgery, Karolinska Institutet, Stockholm, 
Sweden.
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Background and aims: Unstable atherosclerosis, an underlying cause 
of myocardial infarction (MI) and ischemic stroke (IS), is aggravated 
in patients with type 2 diabetes mellitus (T2D). It is imperative to 
understand the complex biological processes in the disease, that could 
be harnessed to improve prevention of adverse events and treatment tai-
lored for atherosclerosis patients with T2D. We utilized an integrative-
multi omics approach to discover novel candidate pathways and targets 
to address current unmet medical need in this patient population.
Materials and methods: Biobank of Karolinska Endarterectomies 
(BiKE), with human disease biomaterial and clinical data from patients 
with symptomatic (S; unstable) and asymptomatic (AS; stable) carotid 
atherosclerosis, was the main resource in this study where significant 
proportion of patients were diabetic (T2D). Matched plaque tissues 
and plasma sampled locally around the plaque and from the periphery 
in 400+ individuals, were profiled by genomic, transcriptomic, prot-
eomic and metabolomic technologies. We used DIABLO, a well bench-
marked multi-omics supervised integrative feature-selection method 
with 10-fold cross-validation that allows robust integration of 3 or more 
omics types with minimal error rate. To this end, using the discrimina-
tive and integrative capabilities of DIABLO, we integrated the multi-
omics layers (transcriptomics, proteomics, and metabolomics) across 
local and peripheral disease sites in this cohort, and identified 120+ 
highly correlated molecular analytes (correlation coefficient > 0.5) 
associated with symptomatic diabetic atherosclerotic disease.
Results: Upon downstream evidence-based network analyses of the identi-
fied transcripts, proteins, and metabolites by DIABLO, we obtained the 
IL6 and TNF hubs, as well as matrix remodeling factors among the most 
dysregulated mechanisms. At pathway-enrichment level, complement and 
coagulation cascades, cytokine-cytokine receptor interaction, AGE-RAGE 
signaling pathways with diabetic complications, ECM receptor interaction, 
PI3K-AKT signaling, etc. were identified among the commonly dysregu-
lated processes. Additionally, upon association with clinical parameters, 
correlation with anthropomorphic measurements, medication status and 
cross-referencing in human atherosclerotic plaque single-cell data, we 
obtained a deep insight into the genes and proteins that co-localize with 
endothelial, inflammatory, and smooth muscle cell foci.
Conclusion: Using an innovative, deep-data framework, this study 
brings both previously reported and novel information about plaque 
vulnerability on diabetic background, opening future avenues not only 
for drug target- and biomarker discovery, but also for patient-centric 
deep-omics phenotyping to leverage personalized treatment options.
Supported by: Collaboration between KI and NN and funded by Novo 
Nordisk A/S
Disclosure: V. Das: Employment/Consultancy; Novo Nordisk A/S. 
Stock/Shareholding; Novo Nordisk A/S stocks and salaried employee 
for Novo Nordisk A/S.
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Gene therapy for maturity-onset diabetes of the young type 3 
(MODY3)
E. Casana1,2, V.  Jimenez1,2, M.  Garcia1,2, A.  Casellas1,3, M. Morró1,2, 
A.  Pujol1, T. Ferré1,2, V.  Sacristan1,2, C.  Jambrina1,2, X. León1, L. 
 Vila1, S.  Franckhauser1,2, F.  Bosch1,2;
1Universitat Autònoma de Barcelona, Bellaterra, Spain, 2Centro de 
Investigación Biomédica en Red de Diabetes y Enfermedades Meta-
bólicas Asociadas, (ciberdem), Spain, 3Universitat de Vic, Vic, Spain.

Background and aims: Maturity-onset diabetes of the young (MODY) 
are a group of monogenic diabetes characterized by onset of hyper-
glycemia at an early adult age, normally before 25 years. MODY3, 
the most common type of MODY, is caused by mutations in the gene 
encoding for the transcription factor hepatocyte nuclear factor 1A 
(HNF1A). MODY3 patients are usually treated with sulfonylureas, 
but they tend to become unresponsive to these drugs and adverse 
effects associated to chronic administration of sulfonylureas have 
been reported. Presently, there are no current treatments addressing 
the root cause of MODY3. Here, we have developed a new gene therapy 
approach to treat this disease.
Materials and methods: A novel MODY3 mouse model that showed 
pancreatic down-regulation of HNF1A protein production was gener-
ated using a unique new strategy based on the CRISPR/Cas9 tech-
nology. Specific overexpression of Hnf1α in pancreatic β-cells of 
MODY3 mice was obtained by means of intra-pancreatic duct admin-
istration of adeno-associated viral vectors (AAVs) encoding Hnf1α, 
under control of β-cell-specific promoter.
Results: The novel MODY3 mouse model developed β-cell dys-
function and hyperglycemia, recapitulating the main alterations 
observed in human patients. Treatment of MODY3 mice with AAV-
Hnf1α resulted in Hnf1α expression in β-cells, which upregulated 
the expression of HNF1A main target genes, such as GLUT2 and 
L-PK. AAV-Hnf1α-mediated gene therapy counteracted hyper-
glycemia, increased insulinemia, improved glucose tolerance and 
enhanced insulin secretion by pancreatic β-cells, thus reverting the 
MODY3 disease.
Conclusion: This study represents the first demonstration for the 
genetic counteraction of a monogenic diabetes and paves the way for 
the clinical translation of AAV-Hnf1α-based gene therapy to treat 
MODY3 patients in the future. Moreover, these results may also con-
tribute to the development of new gene therapy strategies for other 
monogenic forms of diabetes.
Supported by: La Marató de TV3; MINECO, AEI and FEDER, EU, 
(SAF2017-86266R); PID2020-113864RB-I00; 2017 SGR1508; ICREA
Disclosure: E. Casana: None.
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Real-life use of novel glucose lowering agents in coronary artery 
disease: experience from the SWEDHEART-registry
V. Ritsinger1, K.  Avander2, B.  Lagerqvist3, P.  Lundman2, A. 
 Norhammar1;
1Unit of Cardiology, Department of medicine, MedS, Karolinska 
Institutet, Stockholm, Sweden, 2Department of Clinical Sciences, 
Karolinska Insitutet, Danderyds Hospital, Stockholm, Sweden, 3Upp-
sala Clinical R Uppsala Clinical Research Center, Uppsala University, 
Department of Medical Sciences, Uppsala, Sweden.

Background and aims: Recently SGLT2i and GLP-1 RA have dem-
onstrated preventive cardiovascular effects. We explored trends and 
real-life use of novel glucose lowering drugs (GLD) in patients with 
diabetes and coronary artery disease (CAD) and these patients’ prog-
nosis in a national perspective.
Materials and methods: All patients with diabetes and CAD admit-
ted for coronary angiography in 2010-2021 reported in the Swedish 
angiography and angioplasty registry (SCAAR) were included (70% 
with acute myocardial infarction). Information on GLD dispension 
up to 6 months after the coronary angiography was collected from 
the Prescribed Drug Registry and grouped into classes. Death was 
followed until December 2021. Mortality was assessed by Cox 
proportional survival analysis with novel cardioprotective glucose 
lowering agents as a reference.
Results: Of 38 671 patients, mean age was 68.6 years and 67.3% (n=26 
017) were men. Use of novel GLD (Figure) increased rapidly from 
the year 2016 with a continuously high rise (proportion 8% to 48%). 
This was mainly driven by the use of SGLT2i (from 4% to 38%) and 
less of GLP-1 RA (4% to 15%). Use of insulin decreased slightly and 
sulfonylurea decreased dramatically while use of metformin slightly 
increased. Patients who received the new agents (SGLT2; n=3191 
and GLP-1 RA; n=1570) were younger (mean age 66 [SD10] vs. 68 
years [SD10]), more often men (72.8%; n=3465 vs. 67.1%; n=17 427) 
and with less frequent heart failure (5.0%; n=239 vs. 6.8%; n=1770) 
and previous myocardial infarction (7.7%; n=367 vs. 10.5%; n=2736) 
compared to patients on other GLD than SGLT2i or GLP-1 RA (n=25 
967). Cumulative unadjusted long-term mortality rate was highest in 
patients with no GLD-treatment followed by other GLD treatment and 
was lowest in those with new GLD. All-cause death within 1 year 
occurred in 1.7% (n=79) of patients with SGLT2i and/or GLP-1 RA 
compared to 4.5% (n=1114) in patients without new cardioprotective 
agents whose adjusted associated risk for all-cause death was higher, 
HR 1.22 (95%CI 1.09-1.37).
Conclusion: There is an encouraging fast uptake of novel cardiopro-
tective glucose lowering agents in patients with diabetes and CAD in 
Sweden. However, there is an inequality signal, that novel agents are 
being more often prescribed to a population with lower cardiovascular 
risk with an associated better outcome and less often to those at high 
risk for new events. This may be one explanation for the lower mor-
tality rate. An increased awareness is needed in order to use effective 
cardioprotective treatment also in high-risk populations. Figure: Trends 
in glucose lowering agents in CAD patients.

Supported by: The Swedish Heart and Lung foundation
Disclosure: V. Ritsinger: None.
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Impact of remission of type 2 diabetes on cardiovascular struc-
ture and function, exercise capacity and risk profile: a propensity 
matched analysis
E.M. Brady1, J.M.  Bilak1, J.L.  Yeo1, G.S.  Gulsin1, A.-M.  Marsh1, A. 
 Dattani1, S.L.  Ayton1, K.  Parke1, M.  Bain1, W.  Pang2, S.  Boulos2, T. 
St  Pierre3, M.J.  Davies4, T.  Yates4, G.P.  McCann1;
1Glenfield General Hospital, University of Leicester, Leicester, UK, 
2Burswood, Resonance Health Ltd, Western Australia, Australia, 
3School of Physics, University of Western Australia, Western Aus-
tralia, Australia, 4Diabetes Research Centre, Leicester, UK.

Background and aims: Type 2 diabetes (T2D) confers high risk of 
heart failure frequently with evidence of cardiovascular structural and 
functional abnormalities before symptom onset. The effects of remis-
sion of T2D on cardiovascular structure and function are unknown. 
The aim of this work was to describe the impact of remission of T2D, 
beyond weight-loss and glycaemia, on cardiovascular structure and 
function and exercise capacity.
Materials and methods: Obese adults with T2D without cardiovas-
cular disease were recruited into the "Prevalence and determinants 
of subclinical cardiovascular dysfunction in adults with type 2 dia-
betes" study (PREDICT). PREDICT is a prospective cross-sectional, 
case-control study. All participants underwent multimodality car-
diovascular imaging, cardiopulmonary exercise testing, and cardio-
metabolic profiling. T2D-remission cases (HbA1c <6.5% without 
glucose-lowering therapy, ≥3 months) were identified at recruitment 
and were propensity score matched 1:4 based on age, sex, ethnicity, 
and time of exposure to those with active-T2D (n=100) with the 
nearest neighbour method and 1:1 with non-T2D controls (n=25) 
based on age, sex, and ethnicity. Between-group comparisons were 
made (T2D-remission vs. active-T2D and T2D-remission vs. non-
T2D control).
Results: The average exposure to T2D was less than six years across 
both groups and the duration of remission was 4.2±2.5 years. The vari-
ance between groups for demographic, anthropometry and metabolic 
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profile was expected based on the study design. T2D-remission was 
associated with lower leptin-adiponectin ratio (0.75 (0.37,1.50) vs. 2.24 
(1.43,4.10)), hepatic steatosis (3.20% (2.20,7.33) vs. 9.40 (4.80,15.20)) 
and triglycerides (1.45mmol/l (0.96,1.74) vs. 1.69 (1.3,2.2)), a trend 
towards greater exercise capacity and significantly lower VE/VCO2 
slope vs. active-T2D (27.74 ± 3.95 vs. 30.52 ± 5.46) all p<0.0025. 
Evidence of concentric remodeling remained in T2D-remission vs. 
controls (left ventricular mass/volume ratio 0.88 ± 0.10 vs. 0.80 ± 
0.10, p<0.025).
Conclusion: T2D-remission is associated with improved metabolic 
risk profile and ventilatory response to exercise without concomi-
tant improvements in cardiovascular structure or function. There is 
a requirement for continued attention to risk factor control for this 
important patient population.
Clinical Trial Registration Number: NCT03132129
Supported by: RP-2017-08-ST2-007
Disclosure: E.M. Brady: None.
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Association of low muscle mass with increased all-cause and 
cardiovascular disease mortality in patients with diabetes
J.-M. Yu1, C.-M.  Oh2, S.  Moon1, D.  Kim3;
1Hallym univ., Seoul, Republic of Korea, 2Gwangju Institute of 
Science and Technology, Gwangju, Republic of Korea, 3Hanyang 
university, Seoul, Republic of Korea.

Background and aims: Sarcopenia is associated with cardiovascu-
lar disease (CVD) and mortality in patients with diabetes. However, 
it is unclear to what extent sarcopenia contributes to these risks 
independently or in conjunction with glycemic control or micro-
vascular complications.
Materials and methods: This study used data from the National 
Health and Nutrition Examination Survey (NHANES) 1999-2006 
and 2011-2018. Participants aged over 20 years and with reported 
whole-body DEXA data were included. Low muscle mass was 
defined as an ASMI <7 kg/m2 in men or <5.5 kg/m2 in women 
according to the European Working Group on Sarcopenia in Older 
People 2. The hazard ratios (HRs) for all-cause and CVD mortality 
were determined using multiple Cox regression analysis adjusted 
for the following confounding variables: Age, sex, race, smoking 
status, alcohol consumption, central obesity, history of cancer, 
HTN, dyslipidemia, past CVD events, duration of DM, micron-
vascular complications (nephropathy or retinopathy), and hemo-
globin A1c. Follow-up duration was computed as the time from 
the first anthropometric and clinical measurement to death or the 
last follow-up (December 31, 2019). To investigate the direct effect 
of low muscle mass on mortality independent of the effects of 
glycemic control or microvascular complications, we conducted a 
regression-based causal mediation analysis.
Results: The present study enrolled a total of 2119 patients with dia-
betes from the NHANES 1999-2006 and 2011-2018 database. Low 
muscle mass was found to be associated with a higher risk of all-cause 
mortality (HR, 1.41; 95% CI, 1.08-1.84) and CVD mortality (HR, 2.03; 
95% CI, 1.32-3.13). Furthermore, the RCS plot analysis demonstrated 
that low ASMI was consistently linked to an increased risk of all-cause 
mortality. The mediation analysis revealed that low muscle mass had 
a direct impact on the risk of all-cause mortality and CVD mortality, 
rather than indirectly mediated by HbA1c or microvascular complica-
tions. Notably, low muscle mass did not exhibit any significant associa-
tion with high HbA1c or microvascular complications.
Conclusion: Our results suggest that low muscle mass may play a 
direct role in the pathogenesis of all-cause mortality and CVD mor-
tality in patients with DM, independent of high HbA1c or microvas-
cular complications.

Disclosure: J. Yu: None.
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Risk of cardiovascular and mortality outcomes in Korean type 2 
diabetes and prediabetes: a nationwide population-based cohort 
study
J.-S. Yun1, E.-Y.  Lee1, K.-H.  Song1, Y.-B.  Ahn1, K.  Kim2, S.-H.  Ko1;
1The Catholic University of Korea, Seoul, Republic of Korea, 2The 
Catholic University of Korea, Suwon, Republic of Korea.

Background and aims: The increased risk of cardiovascular disease 
(CVD) and mortality in individuals with diabetes compared to the gen-
eral population is well established. However, the recent rapid increase in 
obesity rates, particularly among younger individuals, and improved strat-
egies for managing diabetes-related complications suggest the possibility 
of changes in the risk of CVD among patients with diabetes. This study 
aimed to investigate the risk of CVD and mortality in individuals with 
diabetes and prediabetes using a large population-based cohort in Korea. 
Specifically, we evaluated the diabetes status and risk of CVD accord-
ing to age and sex. Furthermore, we investigated the effects of newly 
diagnosed diabetes and the control status for diabetes on the risk of CVD.
Materials and methods: Baseline and follow-up data were retrieved 
from the National Health Insurance System database for patients with 
type 2 diabetes mellitus (T2DM) for the period of 2009-2019. Car-
diovascular outcomes were defined as newly diagnosed CVD based 
on ICD-10 codes and hospitalization records during the follow-up 
period. Mortality outcomes were also included in the analysis using 
data from the National Statistical Office combined with claims data.
Results: Out of 8,060,298 patients with no prior history of CVD, 
1,970,847 (24.5%) had prediabetes and 647,887 (8.0%) had overt 
T2DM. During a median follow-up period of 9.3 years, 3.5% of the 
total population experienced CVD events, with cardiovascular mortal-
ity and all-cause mortality occurring in 0.8% and 4.5%, respectively. 
Cox regression analysis showed that the risks of CVD, cardiovascular 
mortality, and all-cause mortality were significantly increased in both 
prediabetes and T2DM, with hazard ratios (HRs) of 1.04-1.06 for pre-
diabetes and 1.49-1.64 for T2DM. There were significant age-related 
interactions in the risk of CVD and mortality associated with diabetes 
status, with more than a twofold increase in those under 40 years of age 
(HR 2.11, 95% CI 1.97-2.25). The risks for CVD and mortality in indi-
viduals whose fasting glucose levels were below 126 were similar to or 
even lower than those of newly diagnosed T2DM patients. Longer dura-
tion of diabetes was associated with a higher risk of adverse outcomes, 



S133Diabetologia (2023) 66 (Suppl 1):S1–S536 

1 3

especially in individuals younger than 40 years of age. In elderly indi-
viduals aged 80 years or older, the relationship between CVD and 
mortality risk for overt diabetes was attenuated, although a significant 
increase in risk was still observed (HR 1.15 95% CI 1.10-1.21).
Conclusion: Our nationwide population-based study clearly demon-
strates that the risk of CVD and mortality was higher in individuals 
with prediabetes and overt T2DM compared to those with normal 
glucose levels, especially in the young population and even in the 
extremely elderly population. Stratified analysis based on diabetes 
status showed that poor glycemic control was associated with a con-
siderably augmented effect modification, while individuals with well-
controlled diabetes had similar or lower risks for CVD and mortality 
than newly diagnosed T2DM patients.
Disclosure: J. Yun: None.

251
Central obesity and the risk of coronary artery disease event 
according to albuminuria stages in adults with type 1 diabetes
E. Bezerra Parente1,2, V.  Harjutsalo1,2, P.-H.  Groop1,2;
1Folkhälsan Research Center, Helsinki, Finland, 2University of Hel-
sinki, Helsinki, Finland.

Background and aims: In individuals with type 1 diabetes, we have 
shown that central fatness is associated with hospitalization and death 
due to heart failure and with the onset and progression of albuminuria, 
which is a relevant risk factor for coronary artery disease (CAD). In the 
present study, we investigated the association between central obesity 
and CAD according to different stages of albuminuria in adults with 
type 1 diabetes from the Finnish Diabetic Nephropathy Study.
Materials and methods: In this prospective study, the waist-height ratio 
(WHtR) was used to estimate central obesity. A WHtR ≥ 0.5 defined central 
obesity and CAD was the outcome. Individuals were followed up until the 
first CAD event, death, or the end of 2020. Individuals on kidney replace-
ment therapy (KRT) or with history of CAD at baseline were excluded. 
Albuminuria stages were based on the KDIGO classification as normal 
(A1), moderate (A2), and severe (A3). Kaplan-Meyer survival curves for 
CAD were built based on the presence of central obesity at baseline. The 
risk of CAD was assessed using Cox regression models adjusted for base-
line albuminuria stage, sex, age of diabetes onset and duration (model 1). 
Further adjustments included glycated hemoglobin, systolic blood pressure, 
HDL-cholesterol, triglycerides, and smoking (model 2). Subgroup analy-
sis by albuminuria stages was done likewise in models 1 and 2, without 
including albuminuria stages as a covariate. Another subgroup analysis was 
performed including only individuals with A1 and estimated glomerular 
filtration rate (eGFR) ≥ 60mL/min/1.73m2 (KDIGO A1/G1 and A1/G2). 
The hazard ratios (HR) for CAD are shown per 0.1 change in the WHtR.
Results: From a total of 5198 individuals, 605 were excluded due to 
KRT or previous CAD. The median age was 36.5 (27.9-46.1) years and 
50% were men. After a median follow-up of 18.9 (IQR 12.5-21.0) years, 
708 incident cases of CAD had occurred. The 20-year cumulative inci-
dence of CAD was 11.5% (10.2-12.7) for those with a WHtR < 0.5 
compared to 24.5% (22.9-26.2) for those with central obesity at base-
line, showing that individuals with a WHtR < 0.5 at baseline were less 
likely to have an incident CAD event (p<0.0001). In the entire cohort, 
WHtR was associated with CAD in model 1 (HR 1.21, 95% CI 1.07-
1.37), but not in model 2 (1.08, 0.95-1.24), although a trend remained. 
In the A1 subgroup analysis, a similar pattern was seen in model 1 (1.46, 
1.20-1.76) and model 2 (1.21, 0.99-1.50). Of note, in individuals with 
KDIGO A1/G1 and A1/G2, the WHtR was still associated with CAD 
after all adjustments in model 2 (1.24, 1.001-1.537). At the stages of A2 
(1.05, 0.75-1.45) and A3 (1.06, 0.87-1.31), the associations did not reach 
statistical significance after all adjustments, despite the HR was pointing 
towards a similar direction as in group A1.

Conclusion: Adults with type 1 diabetes without central obesity are 
less likely to experience a CAD event. Furthermore, each 0.1 increase 
in the WHtR is associated with a 24% higher risk of a CAD event in 
individuals without kidney disease, on top of traditional risk factors.
Supported by: Folkhälsan Research Foundation
Disclosure: E. Bezerra Parente: Lecture/other fees; received lecture 
fees from Eli Lilly, Abbott, AstraZeneca, Sanofi, Boehringer Ingelheim.
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Adult-onset type 1 diabetes subphenotypes: a cluster analysis
K. Prystupa1, A.  Fritsche2, G.J.  Boenhof1, A.  Strom1, M.  Heni3, 
J.  Seissler4, J.  Szendroedi5, A.F.H.  Pfeiffer6, M.  Stumvoll7, S.M. 
 Meyhoefer8, O.-P.  Zaharia1, K.  Strassburger1, V.  Burkart1, M.  Roden1, 
R.  Wagner1;
1German Diabetes Center, Leibniz Center for Diabetes Research at Hein-
rich Heine University, Düsseldorf, Germany, 2Department of Internal 
Medicine IV, Division of Diabetology, Endocrinology and Nephrology, 
Eberhard-Karls University Tübingen, Tübingen, Germany, 3Division of 
Endocrinology and Diabetology, Department of Internal Medicine I, Ulm 
University Hospital, Ulm, Germany, 4Diabetes Centre, Medical Clinic 
and Policlinic IV, University Hospital, Ludwig-Maximilians University, 
Munich, Germany, 5University Hospital of Heidelberg, Heidelberg, Ger-
many, 6Department of Endocrinology and Metabolic Medicine, Charité 
University Medicine, Berlin, Germany, 7Medical Department III - Endo-
crinology, Nephrology, Rheumatology, University of Leipzig Medical 
Center, Leipzig, Germany, 8University of Lübeck, Lübeck, Germany.

Background and aims: Adult-onset type 1 diabetes (T1D) is a chronic 
disease characterized by progressive beta-cell destruction. However, indi-
viduals with adult-onset T1D exhibit considerable metabolic diversity. To 
better understand this heterogeneity, we aimed to identify distinct meta-
bolic subgroups within a comprehensively phenotyped cohort of indi-
viduals with recent-onset T1D from the German Diabetes Study (GDS).
Materials and methods: Participants with T1D (n=550) were divided 
into two groups based on the presence of glutamic-acid decarboxy-
lase antibody (GADA): a GADA- group (n=95) and a GADA+ group 
(n=455) using a cut-off of 0.9 U/ml. Partitioning around medoids was 
used to cluster the GADA+ group based on fasting C-peptide, glucose, 
triglycerides, and HDL, resulting in 2 distinct GADA+ clusters. All 
three clusters were compared at baseline (within first year after diabetes 
diagnosis) and after five years of follow-up using ANOVA, chi-squared 
test, and logistic regression adjusted for age and sex.
Results: The larger GADA+ cluster (n=285) had younger age, lower BMI, 
and lower C-peptide, and was labeled "classic T1D". The other GADA+ 
cluster (n=170) showed features of both type 1 and type 2 diabetes and 
was termed "mixed T1D". Over five years of follow-up, individuals in 
the "mixed T1D" cluster did not gain weight (p=0.29), whereas those in 
the "classic T1D" cluster (p<0.001, effect size 0.07) and GADA- clus-
ter (p=0.01, effect size 0.04) did. At baseline, the "classic T1D" cluster 
exhibited the highest insulin sensitivity (p<0.001), which declined sharply 
during follow-up, ultimately resulting in no significant difference in insulin 
sensitivity across the three clusters after five years (p=0.78). There were no 
differences in HbA1c levels across clusters neither at baseline (p=0.48) nor 
after 5 years (p=0.64). Participants in the "classic T1D" cluster reported a 
higher incidence of hypoglycaemia (OR 4.92, 95% CI 1.9-13.5, p=0.001). 
The "mixed T1D" cluster had a higher incidence of both distal peripheral 
sensory (OR 2.89, 95%CI 1.05-8.29, p=0.041) and cardiac autonomic 
neuropathy (OR 9.61, 95%CI 2.35-49.8, p=0.003).
Conclusion: In summary, individuals with recent-onset adult T1D 
can be stratified into clusters with different clinical courses and com-
plication risks using readily available laboratory variables.
Clinical Trial Registration Number: NCT01055093
Supported by: DZD
Disclosure: K. Prystupa: None.
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Efficacy and safety of pioglitazone/metformin fixed-dose formula-
tion vs uptitrated metformin in type 2 diabetes with inadequate 
glycaemic control: a randomised trial
L. Guo;
Beijing Hospital, Beijing, China.

Background and aims: Metformin is used as first-line treatment of 
type 2 diabetes mellitus (T2DM) for over 60 years. However, after 
years of regression, metformin used alone usually can’t reach satisfied 
serum glucose level. Pioglitazone/metformin fixed-dose combination 
(FDC) combines two insulin sensitizers: metformin and pioglitazone, 
which provide increased efficacy and improved patient compliance. 
However, few data reports the comparison between this FDC with 
uptitrated metformin. Hence, this work aims to evaluate the efficacy 
and safety of pioglitazone/metformin FDC versus uptitrated met-
formin in T2DM patients with inadequate glycemic control (IGC).
Materials and methods: This 16-week multi-center prospective, 
randomized, open-labeled trial recruited T2DM patients between 18 
and 65 years of age who were receiving 750-1500mg metformin. At 
baseline, the patients had a mean hemoglobin A1c (HbA1c) level of 
at 7.5-10%, or a fasting plasma glucose level of 7-13.9 mmol/L, along 
with a BMI of 19 - 45. The study was conducted across 15 hospitals 
in China. Patients were randomly assigned (1:1) to receive: 15/500 
mg oral pioglitazone/metformin 3 times daily (test group); or 2500 
mg or maximum tolerated dose oral metformin with gradual incre-
ments within 0-2 week (control group). Primary endpoint was the 
proportions of patients with HbA1c ≤6.5% and ≤7.0% at week 16. 
Intention to treat and per protocol sets (PPS) were used for analyses.
Results: Between May 6, 2020 and March 1, 2022, 145 patients in con-
trol group and 148 patients in test group comprised the full analysis set 
(FAS), while 129 patients in control group and 136 in test group com-
prised the PPS. At 16 weeks, 79 (54.48%) patients in control group and 
103 (69.59%) patients in test group had a HbA1c ≤7.0% (FAS, X2=6.89, 
P=0.0087); and 49 (33.79 %) patients in control group and 68 (45.95%) 
patients in test group had a HbA1c ≤ 6.5 % (FAS, X2=4.08, P=0.04). 
Similar results were found in PPS. Least-squares mean of HbA1c in 
control group was 7.04±0.08%, and 6.73±0.08% in test group Change 
in HbA1c from baseline was -0.71±1.182% in control group and 
-1.12±1.13% in test group (FAS, P=0.0046). Mean of fasting glucose 
(FG) in control group was 7.84±2.05 mmol/l, and 7.40±1.77 mmol/l in 
test group. Change in FG was -1.09±2.15 mmol/l in control group and 
-1.74±1.94 mmol/l in test group (FAS, P=0.0072). HOMA-IR in control 
group was 3.70±4.68, and 2.94±2.36 in test group. Serum AST levels 
were 23.20±11.61U/L in the control group and 22.72±14.81 U/L in the 
test group. ALT was 26.39±18.37 U/L in control group and 25.32±22.86 
U/L in test group. More reduction in triglyceride was found in test group 
(-0.46±1.60 mmol/l) than that in control group (-0.09±1.131 mmol/l, 
FAS, P=0.0047). HDL-C was 1.17±0.25 mmol/l in control group and 
1.31±0.54 in test group (FAS, P=0.0006). Hs-CRP in control group was 
2.11±5.09 mg/L, and 1.24±2.62 mg/L in test group (FAS, P=0.0001). 
Besides, Hs-CRP decreased more in test group (-0.63±3.701 mg/L) com-
pared to control (0.06±5.44 mg/L, FAS, P=0.0136). There were no signif-
icant differences in rates of adverse events between 2 groups. A total of 21 
adverse events were reported by 13 patients (8.84%) in the control group, 
while 14 patients (9.59%) in the test group reported 21 adverse events.
Conclusion: Among T2DM patients with IGC, a 16-week oral 
administration of pioglitazone/metformin FDC was superior to upti-
trated metformin in controlling serum glucose, modifying lipid pro-
files and reducing circulating inflammation level.
Clinical Trial Registration Number: ChiCTR1900028606
Disclosure: L. Guo: None.

254
Treatment outcomes with oral anti-hyperglycaemic therapy for 
people with diabetes secondary to chronic pancreatitis: matched 
population based cohort study
R. Hopkins, K.G. Young, N.J. Thomas, A.G. Jones, A.T. Hattersley, 
B.M. Shields, J.M. Dennis, A.P. McGovern;
Institute of Biomedical & Clinical Science Research, University of 
Exeter, Exeter, UK.

Background and aims: Diabetes of the exocrine pancreas (Type 3c) 
results from pancreatic damage, such as chronic pancreatitis. Peo-
ple with this diabetes type often have worse glycaemic control and 
greater insulin requirement than those with type 2 diabetes (T2D). 
However, there is uncertainty around which non-insulin treatments 
for diabetes are effective in this group. We aimed to evaluate glycae-
mic response and risk of early treatment discontinuation for major 
oral anti-hyperglycaemic therapies in people with diabetes secondary 
to chronic pancreatitis compared with T2D.
Materials and methods: Using UK routine primary care data from 
the Clinical Practice Research Datalink (CPRD), we identified 4,917 
people with a record of chronic pancreatitis preceding their diabetes 
diagnosis (Type 3c cohort) and compared their clinical characteristics 
to those with T2D and no prior pancreatitis. The Type 3c cohort was 
matched with up to 10 individuals with T2D on the date of initiation of 
major drug classes (metformin, sulfonylureas, SGLT2-inhibitors, DPP4-
inhibitors, thiazolidinediones [TZDs]). Exact matching was performed 
by sex, age, ethnicity, index of multiple deprivation quintile, calendar 
year, number of previously initiated glucose-lowering therapies, and 
concurrent insulin treatment. For each drug class, we estimated differ-
ences in 12-month HbA1c response (change from baseline HbA1c) in 
the Type 3c cohort compared to T2D controls using linear regression 
adjusted for baseline HbA1c and number of concurrent glucose-lower-
ing therapies. Early discontinuation (proportion of individuals discon-
tinuing therapy within 6-months of initiation) was compared between 
the Type 3c cohort and controls using logistic regression.
Results: At diagnosis the 4,917 individuals with diabetes after chronic 
pancreatitis were more commonly male (66% vs 56%), of white ethnic-
ity (90% vs 78%), younger (mean age 56.7 vs 58.5 years) and had a 
lower average BMI (27.5 vs 31.9 kg/m2) than those with T2D. Over 
a mean follow-up of 8.3 years, 2791 (56.8%) of the Type 3c cohort 
initiated metformin, 1856 (37.7%) sulfonylureas, 661 (13.4%) DPP4-
inhibitors, 374 (7.6%) SGLT2-inhibitors, and 335 (6.8%) a TZD. Unad-
justed 12-month HbA1c reduction ranged from 7.6 mmol/mol on DPP4 
inhibitors to 13.2 mmol/mol on sulfonylureas. Compared to matched 
controls, HbA1c response in the Type 3c cohort was 4.0 (95%CI 2.8, 
5.3) mmol/mol lower with sulfonylureas, p<0.001, and 2.9 (95%CI 2.1, 
3.7) mmol/mol lower with metformin, p <0.001. HbA1c response was 
also numerically lower with SGLT2-inhibitors (1.9 mmol/mol [95%CI 
-0.4,4.2]) and TZDs (2.3 mmol/mol [-0.3,4.8]), but not DPP4-inhibitors 
(-1.3 mmol/mol [-3.0,0.4]). Risk of early discontinuation was higher 
for the Type 3c cohort vs controls for metformin (Odds ratio [OR] 
1.79 [95%CI 1.57,2.04]), sulphonylureas (OR 1.21 [1.07,1.38]), and 
DPP4-inhibitors (OR 1.38 [1.12,1.69]), but not other drug classes 
(p>=0.159).
Conclusion: In people with diabetes secondary to chronic pancreatitis, 
major oral anti-hyperglycaemic therapies are likely to be less effec-
tive for glucose-lowering compared to the wider T2D population, and 
more likely to be discontinued early. Despite this, a substantial HbA1c 
response is still observed for all therapy classes in this group, suggest-
ing these agents can provide an important component of glycaemic 
management.
Supported by: EFSD Rising Star Fellowship Programme, UK Medi-
cal Research Council (MR/N00633X/1), NIHR Exeter Biomedical 
Research Centre
Disclosure: R. Hopkins: None.
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The impact of timing of metformin administration on glycaemic 
and glucagon like peptide 1 responses to intraduodenal glucose 
in type 2 diabetes
T. Wu, C. Xie, P. Iroga, M. Bound, J. Grivell, W. Huang, Y. Sun, 
K. Jones, M. Horowitz, C. Rayner;
Level 5, Adelaide Health and Medical Sciences Building, The Uni-
versity of Adelaide, Adelaide, Australia.

Background and aims: Metformin is now recognised to act mainly 
through the gastrointestinal tract, including by stimulating gluca-
gon-like peptide-1 (GLP-1), to lower postprandial glycaemic excur-
sions. Patients with type 2 diabetes (T2D) are routinely advised to 
ingest metformin with meals to minimise potential gastrointestinal 
adverse effects. The effects of varying the timing of metformin 
administration on postprandial glucose metabolism are poorly 
defined. We evaluated the effects of metformin, administered at 
different intervals prior to an intraduodenal glucose infusion, on 
the subsequent glycaemic, insulinaemic and GLP-1 responses in 
individuals with T2D managed by metformin.
Materials and methods: Sixteen subjects with well-controlled 
T2D with a stable (> 3 months) dose of metformin (14 males, 
age 69.9 ± 1.9 years, BMI 28.7 ± 1.0 kg/m2, HbA1c 6.6 ± 0.1%, 
duration of known diabetes 10.4 ± 2.6 years) were evaluated on 4 
separate days in a double-blind, randomised, crossover design. Par-
ticipants on immediate-release metformin (n = 11) were instructed 
to cease the morning dose of metformin on the respective study day. 
Those taking extended-release metformin (n = 5) ceased the even-
ing dose before, and the morning dose on, the respective study day. 
On each day, metformin (1000 mg) dissolved in 50 mL 0.9% saline, 
or 0.9% saline only (control), was administered at t = -60, -30, or 
0 min via a nasoduodenal catheter, followed by an intraduodenal 
glucose infusion (3 kcal/min) between t = 0 - 60 min. ‘Arterial-
ised’ venous blood was sampled every 30 min for measurements of 
plasma glucose, insulin and total GLP-1 levels. Incremental areas 
under the curves (iAUCs) between t = 0 - 120 min were calculated 
and compared using repeated measures ANOVA. Data are means 
± SEM.
Results: All subjects tolerated the protocol well without gastroin-
testinal adverse effects. Plasma glucose, insulin and total GLP-1 
were stable and did not differ between study days prior to intraduo-
denal glucose infusion (t = -60 - 0 min), but increased substantially 
in response to glucose infusion (P < 0.001 each). Plasma glucose 
excursions were reduced by metformin, and glucose-lowering was 
greater when metformin was administered at t = -60 and -30 min 
compared to t = 0 min (P < 0.05 each). The GLP-1 response was 
greater when metformin was administered at t = -60 and -30 min 
(P < 0.05 each), but not 0 min, compared to control. The insulin 
response was greater after metformin than control (P < 0.05 each), 
but not affected by the timing of metformin administration.
Conclusion: In well-controlled metformin-treated T2D, met-
formin is more effective in glucose-lowering when given before, 
rather than with, enteral glucose, associated with a greater GLP-1 
response. These observations suggest a novel strategy for improv-
ing the efficacy of metformin to dimmish postprandial glycaemia.

Clinical Trial Registration Number: ACTRN12621000878875
Supported by: The Hospital Research Foundation
Disclosure: T. Wu: Grants; The Hospital Research Foundation.

256
A systematic review and meta-analysis of participant charac-
teristics in the prevention of gestational diabetes: a summary of 
evidence for precision medicine
S. Lim1, W.  Takele1, K.K.  Vesco2, L.  Redman3, ADA/EASD Pre-
cision Medicine in Diabetes Initiative GDM Prevention Working 
Group, J.  Josefson4;
1Monash University, Boxhill, Australia, 2Kaiser Permanente Center 
for Health Research, Portland, OR, USA, 3Pennington Biomedical 
Research Center, Baton Rouge, LA, USA, 4Northwestern University, 
Chicago, IL, USA.

Background and aims: Precision prevention involves using informa-
tion relating to a person’s unique biological, social and environmental 
context to determine their responses to interventions for preventing 
diseases. However, intervention effects according to individual charac-
teristics for the prevention of gestational diabetes (GDM) have not been 
systematically investigated. This study aimed to systematically evaluate 
the participant characteristics associated with GDM prevention.
Materials and methods: We searched MEDLINE, EMBASE, and 
Pubmed to identify lifestyle (diet, physical activity, or both), met-
formin, myoinositol/inositol and probiotics interventions published 
up to May 24, 2022. Studies commencing in preconception or ante-
natal periods with GDM as an outcome were included. Participant 
characteristics were extracted according to the conceptual framework 
described in the Precision Medicine in Diabetes consensus report.
Results: From 10347 studies, 116 studies were included in the sys-
tematic review and meta-analysis (n=40903 women). Physical activ-
ity was more effective in GDM reduction in participants with a nor-
mal BMI compared to obese BMI (risk ratio, 95% confidence interval: 
0.06 [0.03, 0.14] vs 0.68 [0.26, 1.60], P<0.001, 17 studies). Diet and 
physical activity interventions were more effective in reducing risk 
for GDM in participants without polycystic ovary syndrome (PCOS) 
than those with PCOS (0.62 [0.47, 0.82] vs 1.12 [0.78-1.61], P=0.03, 
59 studies) and in those without a history of GDM than those with 
unspecified history (0.62 [0.47, 0.81] vs 0.85 [0.76, 0.95], P=0.03, 
59 studies). Metformin interventions were more effective in partici-
pants with PCOS than those with unspecified status (0.38 [0.19, 0.74] 
vs 0.59 [0.25, 1.43], P<0.001, 13 studies), and in participants with 
higher age (β coefficient -0.52 [-1.02, -0.02], P=0.04, 8 studies] or 
higher fasting blood glucose (FBG) (-0.09 [-0.17, -0.03], P=0.02, 7 
studies), or when commenced preconception than during pregnancy 
(0.22 [0.11, 0.45] vs 1.15 [0.86-1.55], P<0.05, 13 studies). Parity, 
history of having a large for gestational age infant or family history 
of diabetes did not impact the effectiveness of interventions.
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Conclusion: The findings suggest women with PCOS, higher age or 
higher FBG may benefit more from metformin than those without 
these traits, while women with normal BMI may benefit more from 
physical activity than women with obese BMI in GDM prevention. 
Future research should include trials commencing preconception 
and provide results stratified by participant characteristics including 
social and environmental factors, clinical traits, and other novel risk 
factors to predict GDM prevention through interventions.

Disclosure: S. Lim: None.
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An improved 68Ga-exendin4 PET-CT method to assess noninva-
sively pancreatic beta cell mass: studies in long standing type 1 
diabetes patients and in obese people
R.C. Bonadonna1, S.  Migliari2, M.  Scarlattei2, R.E.  Ledda1, V. 
 Spigoni1, G.  Baldari2, R.  Aldigeri1, G.  Cinquegrani1, A. Dei  Cas1, 
L.  Ruffini2;
1Department of Medicine and Surgery, University of Parma, Parma, 
Italy, 2Division of Nuclear Medicine, Azienda Ospedaliero-Univer-
sitaria of Parma, Parma, Italy.

Background and aims: PET scans of radioactive exendin4, a ligand 
of the GLP-1 receptor (GLP1R), may provide an in vivo biomarker 
of pancreatic (PX) beta cell mass (BCM), as in islets GLP1R is pri-
marily expressed in beta cells (BC). However, in previous studies, a 
clearcut separation between patients with negligible residual BCM 
and people with intact insulin secretion was not achieved, and the 
relationship between state-of-art assessment of BC function and PX 
exendin4 uptake was not investigated.
Materials and methods: We have improved the 68Ga-NODAGA-
exendin4 (68Ga-Ex4) PET-CT method by: 1. quantifying 68Ga-Ex4 
uptake also in the parotid glands, which similarly to the PX exocrine 
cells express the GLP1R, to account for nonendocrine PX 68Ga-
Ex4 uptake, and 2. using the CT scan to quantify PX volume. Data 
are presented as mean±SEM. Eight (8 M) patients (Age: 50±4 yrs; 
BMI:26.6±1.9 kg/m2) with long standing (34±3 yrs) type 1 diabe-
tes (T1DM; HbA1c: 58±4 mmol/mol) and seven (2M/5F; 4 NFG/3 
IFG) obese subjects (OB) (Age: 49±2 yrs; BMI:37.4±2.1 kg/m2) 
underwent two studies on separate days. Study 1: PET-CT scan of 
high specific activity (40-50 MBq/μg) 68Ga-Ex4 with quantitation 
of SUV of both PX and parotid glands 45’-60’ after i.v. injection; 
BCM was computed as:  (SUVmean pancreas -  SUVmean parotid glands) 
x PX volume (cc). Study 2: Mixed meal test (MMT; 1.63 MJ; 48 
g CHO, 13.2 g lipids, 16 g proteins) in which plasma glucose and 
C-peptide curves were measured for 300’ to assess BC functional 
mass (BCFxM: the net result of BCM and average function of BC) 
with a state-of-art mathematical model to quantify BCFxM as the 
slope of the curve which links plasma glucose (stimulus) to insulin 
secretion rate (response) - units:  (pmoles.min-1.BSA-1)/(mmol.l-1).
Results: The C-peptide response to the MMT in T1DM patients, as 
assessed by an ultrasensitive ELISA, was negligible (mean C-peptide 
concentration during the MMT: 4.2±2.9 pmol/l) and its modeling 
impossible, whereas the OB displayed a robust BCFxM (173±31). 
The PX was smaller in T1DM than OB (51±8.7 vs 86.9±9.8 cc; 
p<0.05). BCM, as assessed by 68Ga-Ex4 PET-CT scan, was almost 
6-fold lower in T1DM (32.7±7.1; range: 8.7 - 69.8) than in OB 
(179.6±42.4; range: 64.2 - 387.8) (p<0.001 T1DM vs OB). In spite 
of the small n, in OB BCFxM was significantly correlated to BCM 
(r=0.91, p<0.01; fig. 1).
Conclusion: This 68Ga-Ex4 PET-CT method effectively discriminates 
BCM between T1DM with minimal-nil residual BCFxM and people 
with robust BC secretory function. In nondiabetic obese people BCM 
appears to be the pivotal determinant of BC response to meal. This 
method may be of great aid to assess BCM both in research and 
clinical settings.
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Clinical Trial Registration Number: NCT05662189
Supported by: UNIPR FIL Quota incentivante 2019 to RCB
Disclosure: R.C. Bonadonna: Employment/Consultancy; MSD, 
Eli-Lilly, Amgen. Lecture/other fees; Sanofi, Eli-Lilly, BMS, MSD, 
AstraZeneca, Janssen.
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Residual beta cell function associates with lower glycaemic vari-
ability and more time in range in individuals with type 1 diabetes
C.M. Fuhri Snethlage1, T.J.  McDonald2, E.  Rampanelli1, P. de 
 Groen1, A.W.  Schimmel3, C.B.  Brouwer4, R.  Oram2, D.H. van 
 Raalte1, B.O.  Roep5, M.  Nieuwdorp1, N.M.J.  Hanssen1;
1Diabetes Centrum, Amsterdam UMC, Amsterdam, Netherlands, 
2R&D Exeter Clinical Research Facility, Exeter, UK, 3EVG, Amster-
dam UMC, Amsterdam, Netherlands, 4Internal medicine, OLVG, 
Amsterdam, Netherlands, 5Immunology, LUMC, Leiden, Netherlands.

Background and aims: A significant proportion of individuals 
with type 1 diabetes (T1D) have long-term preservation of beta-
cell function. Residual beta-cell function (RBCF) is associated 
with fewer long-term complications and hypoglycemic events. 
Yet, little is known about the influence of RBCF on daily glyce-
mic control. Therefore, we investigated the associations between 
RBCF and daily markers of glycemic control in individuals with 
T1D.
Materials and methods: In this cross-sectional study 500 individuals 
with T1D were included (41.0 ±14years), 64% female, HbA1c 55.6 
±12mmol/mol, median T1D duration 14 years [IQR: 6-29years]. As a 
validated marker of RBCF, postprandial urinary C-peptide/creatinine 
ratios (UCPCR) were measured. Time in euglycemic range (TIR) 
(3.9-10mmol/L) and hypoglycemic range (TBR) (<3.9-10mmol/L) 
were monitored 14 days prior to the study visit, with a continuous 
glucose monitoring device. Spearman correlations were calculated 
in Rstudio.
Results: The median UCPCR was 0.03 (IQR: 0.00-0.88) nmol/
mmol and strongly correlated with duration of T1D (r = -0.651, p 
< 0.001). Higher UCPCR correlated with longer TIR (r = 0.330, 
p < 0.001), lower mean glucose levels (r =-0.318, p=0.005) and 
shorter TBR (r= -0.237, p <0.001) and lower glucose variation 
(-0.356, p <0.001). In line, higher UCPCR associated with lower 
HbA1c levels (r= -0.183, p<0.001) and less 24-hour insulin use 
(r = -0.183, p = <0.001). The associations remained significant 
in linear regression models when adjusted for sex, age, plasma 
glucose and duration of diabetes.
Conclusion: UCPCR correlates with more time in range, shorter 
time under range, and lower HbA1c levels in individuals with T1D. 

Beneficial effects of beta-cell preservation in T1D may therefore be 
attributable to less intermittent glucotoxicity and hypoglycaemic 
episodes.
Clinical Trial Registration Number: METC 2020_105
Supported by: DNF DON grant 2020, number 2020.10.002.
Disclosure: C.M. Fuhri Snethlage: None.

259
Association between dynamics of circulating proteins and of beta 
cell function in type 2 diabetes: an IMI DIRECT study
C. Rossi1, A. Viñuela2, E.R.  Pearson3, J.M.  Schwenk4, A.  Mari1, R. 
 Bizzotto1;
1Institute of Neuroscience, National Research Council, Padua, 
Italy, 2Biosciences Institute, Newcastle University, Newcastle, UK, 
3Population Health & Genomics, School of Medicine, University of 
Dundee, Dundee, UK, 4Science for Life Laboratory, KTH, Royal 
Institute of Technology, Stockholm, Sweden.

Background and aims: Beta-cell dysfunction is a key feature of 
glycaemic deterioration in type 2 diabetes. While associations of 
circulating proteins with type 2 diabetes are well explored, their role 
in beta cell dysfunction is unclear, especially in longitudinal terms. 
Here, we investigated significant associations between temporal 
changes in beta cell glucose sensitivity (GS) and changes in several 
proteins over the same period, in type 2 diabetes of recent diagnosis.
Materials and methods: In the IMI DIRECT cohort of white North 
European type 2 diabetes patients of recent diagnosis (N=552), several 
circulating plasma proteins (n=141) were measured at months 0 and 
36 using two Olink targeted panels (Metabolomics and Cardiovascular 
II). Protein values distributions were normalized through the absPQN 
procedure and adjusted for plate, centre, seasonality, time of day, and 
sample age via linear mixed-effect modelling. GS was estimated from 
mixed-meal tests at months 0, 18, and 36. Trajectories of both GS and 
proteins values were modelled as linear functions of time, consider-
ing the slopes as indices of progression. The associations between GS 
and proteins, bot as slopes, were investigated using linear regression 
models. Each model had the slope of a specific protein as independent 
variable, and was adjusted for protein, GS,  HbA1c, age, and BMI, all 
at baseline, for sex, changes in medications with reported effects on 
glycaemia, and the principal components in the slopes and baselines 
of proteins.
Results: Linear regression analysis identified twenty-one associations 
as statistically significant (FDR-adjusted p<0.05), with standardized 
protein coefficients between -0.239 and 0.183 (Figure). The most sig-
nificant and strongest associations were found for Cadherin 2 (CDH2) 
and EMR2 (ADGRE2). CDH2 is a transmembrane adhesion protein 
mediating cell-cell adhesion in many tissues, while EMR2 is a class-B 
GPCR, known to be expressed both in myeloid cells and pancreatic 
islets. The other detected proteins are generally related to inflammatory 
and immune system processes, metabolic pathways, and cell-matrix 
organization. Some of the identified proteins (e.g., CDH2, FBP1, and 
KITGL) had already been linked to beta cell function or, more gener-
ally, to type 2 diabetes.
Conclusion: We identified a set of proteins with changes over 3 years 
associated to beta cell function variation over the same period in 
type 2 diabetes of recent diagnosis. Further investigations may dem-
onstrate the utility of these proteins as biomarkers of progressive 
beta cell dysfunction, or point to a mechanistic role of some of these 
proteins in its evolution.
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The C-peptide-glucose ratio as a marker for insulin secretion 
predicts future insulin treatment and glycaemia in persons with 
recent-onset type 2 diabetes
R. Jumpertz von Schwartzenberg1, K. Bódis2, J.  Martin1, M. 
Schön2, M. Hrabé de  Angelis3, N.  Perakakis4, S.  Kabisch5, A. 
 Pfeiffer5, M. Blüher6, J. Szendrödi7, N.  Stefan1, R.  Wagner2, A.L. 
 Birkenfeld1, M.  Roden2, A.  Fritsche1;
1IDM Tübingen/Helmholtz Center Munich, Universitätklinikum 
Tübingen, Tübingen, Germany, 2Deutsches Diabetes Zentrum, Düs-
seldorf, Germany, 3Institute of Experimental Genetics Helmholtz 
Munich, TU Munich, Munich, Germany, 4Universitätsklinikum Carl 
Gustav Carus an der Technischen Universität Dresden, Dresden, 
Germany, 5Charite - Universitätsmedizin Berlin, Berlin, Germany, 
6Universitätklinikum Leipzig, Leipzig, Germany, 7Universitätklini-
kum Heidelberg, Heidelberg, Germany.

Background and aims: Upon diagnosis of type 2 diabetes (T2D), 
clinical decision on requirement of insulin therapy is based on the 
evaluation of the primary caretaker. A decision against insulin in 

insulinopenic patients may lead to increased risk of hyperglycemic 
episodes while insulin treatment during hyperinsulinemia can result 
in weight gain and enhanced insulin resistance. This study evaluated 
the fasting C-peptide to glucose ratio (CGR) as a marker of endog-
enous insulin secretory function and prediction of future insulin treat-
ment and glycemic control to improve clinical decision making.
Materials and methods: The CGR was assessed in individuals with recent-
onset (<1 year) T2D from the German Diabetes Study (GDS), a prospec-
tive multi-center study. At baseline, intravenous glucose tolerance (IVGTT) 
and glucagon tests were used as gold-standard methods for assessment of 
insulin secretion to validate the fasting CGR. C-peptide was measured using 
the Immulite® 2000 Immunoassay-System. First and second phase insulin 
secretion were calculated as the insulin area under the curve during the 
first 10 min and 10 to 60 min of the IVGTT, respectively. Insulin secre-
tion assessed by the glucagon test was calculated using the insulin delta 
from 0 to 6 min. HOMA-B was calculated from fasting plasma. We used 
Spearman correlation tests for associations, Youden’s index, ROC curves 
and cox regression models to predict future insulin treatment, and logistic 
regression models to predict future glycemia adjusted for age and BMI and 
insulin treatment. Data are presented as mean ± SD.
Results: The study included 833 individuals with T2D: CGR 9.5±4.6 ; 
BMI 31.5±6.1 kg/m2; age 53.8±9.9 years; HbA1c 6.4±0.9%. CGR was 
strongly associated with HOMA-B (r=0.694, p<0.001) and associated 
with insulin secretion during the first (r=0.715, p<0.001), second phase 
(r= 0.763, p<0.001), and glucagon test (r=0.469, p<0.001) suggesting 
that a high CGR reflects sufficient insulin secretion. Indeed, a CGR of 
>6.2 identified individuals without insulin treatment during the next 4 
years with a specificity of 76%. Since insulin therapy is based on the 
individual caretaker’s decision and may not entirely reflect necessity 
of insulin therapy, we investigated baseline CGR and future insulin 
therapy to predict HbA1c (thresholded at 7 %) during a mean follow-
up of 5.06±0.19 years. The CGR at baseline was an independent and 
even better predictor of future HbA1c (β=-0.111, p=0.002) than the 
decision for insulin therapy (p=0.337).
Conclusion: The easily assessable fasting CGR is a good marker for 
insulin secretory function and is linked with future insulin treatment. 
Moreover, it is a predictor of future glycemia independent of insulin 
therapy per se. We propose the CGR as an easily calculable index to 
assist clinical decision making on insulin therapy in people with T2D.
Clinical Trial Registration Number: NCT01055093
Supported by: German Center for Diabetes Research (DZD)
Disclosure: R. Jumpertz von Schwartzenberg: None.
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Dapagliflozin protects against urban particulate matter-induced 
EMT in tubular epithelial cells
J. Kim, C. Kang, W. Lee;
Chung-Ang University Hospital, Seoul, Republic of Korea.

Background and aims: Epidemiologic studies have shown that exposure to 
urban particulate matter (UPM) is associated with chronic kidney disease. 
Epithelial-to-mesenchymal transition (EMT) is a cellular process during 
which epithelial cells acquire mesenchymal characteristics and lose their 
epithelial phenotype. EMT of renal tubular epithelial cells has been consid-
ered a mechanism that promotes renal fibrosis. Recent evidence suggested 
that dapagliflozin, an SGLT2 inhibitor, prevents renal fibrosis in diabetic 
mice and attenuates EMT of tubular epithelial cells under hyperglycemic 
conditions. However, whether dapagliflozin affects UPM-induced tubular 
EMT remains unclear. The aim of this study was to evaluate whether UPM 
is able to induce EMT and dapagliflozin attenuates this process.
Materials and methods: HK-2 cells were exposed to nontoxic concen-
trations of standard reference material for UPM (NIST SRM 1648a). 
Cells were pretreated with various concentrations of dapagliflozin before 
exposure to determine whether the EMT process could be inhibited.
Results: HK-2 cells acquired mesenchymal spindle-like morphology 
after treatment of UPM. In addition, UPM upregulated mesenchymal 
markers (α-SMA, fibronectin, vimentin) and downregulated epithe-
lial markers (ZO-1, E-cadherin) indicating the development of EMT. 
Phosphorylation of p38 MAPK significantly increased during EMT 
while p38 inhibition decreased UPM-induced EMT. Treatment with 
dapagliflozin attenuated UPM-induced EMT through the inhibition 
of the p38 MAPK pathway in a dose-dependent manner.
Conclusion: Taken together, these results suggest that UPM directly 
induces EMT in renal tubular epithelial cells. Our study also provides 
a rationale to apply SGLT2 inhibitors in non-diabetic kidney diseases 
such as UPM-related renal fibrosis.
Supported by: National Research Foundation of Korea
Disclosure: J. Kim: None.

262
Up-regulation of ICAM-1 and ESM 1 by intermittent hypoxia via 
down-regulation of microRNA-181a1 in vascular endothelial cells
S. Takasawa, M. Makino, A. Yamauchi, S. Sakuramoto-Tsuchida, R. 
Hirota, R. Fujii, K. Asai, Y. Takeda, T. Uchiyama, R. Shobatake, H. Ota;
Biochemistry, Nara Medical University, Kashihara, Japan.

Background and aims: Sleep apnea syndrome (SAS) is characterized by 
recurrent episodes of oxygen desaturation and reoxygenation (intermittent 
hypoxia [IH]) and is a risk factor for vascular dysfunction, as well as hyper-
tension, and insulin resistance/Type 2 diabetes (T2D). We have reported 
correlations between IH and insulin resistance/T2D, and hypertension. How-
ever, the question of why vascular dysfunction is induced by IH has remained 
unanswered. Here, we investigated the effects of IH on the expression of 
endothelial inflammatory transcripts using an in vitro IH system.
Materials and methods: Human and mouse vascular endothelial cells, 
HUEhT-1 and UV2 cells, were exposed either to normoxia (5%  CO2, 21% 
 O2) or 70 cycles/24 h of IH (5 min hypoxia [1%  O2]/10 min normoxia), 
mimicking SAS patients, for 24 h. After the treatment, the mRNA levels 
of intercellular adhesion molecule-1 (Icam-1), IL-8, Ccl5, endothelial cell 
specific molecule 1 (Esm1), Nos3, vascular cell adhesion molecule-1, and 
endothelin-1 in human HUEhT-1 and mouse UV2 cells were measured 
by real-time RT-PCR. The protein levels of Icam-1 and Esm1 in UV2 cell 
medium were measured by ELISA. Reporter plasmids containing human 

ICAM-1 (-1792~+43) and ESM1 (-1180~+37) were prepared and were 
transfected into UV2 cells. The cells were exposed either to IH or normoxia 
for 24 h, and the promoter activities were measured. MicroRNA (miR)-
181a1 levels were measured by real-time RT-PCR. miR-181a1 mimic and 
non-specific control RNA (miR-181a1 mimic NC) were introduced into 
UV2 cells just before IH/normoxia exposure, and the mRNA and protein 
levels of Icam-1 and Esm1 were measured.
Results: (1) The mRNA levels of Icam-1 were significantly increased 
by IH in HUEhT-1 (P=0.0436) and UV2 cells (P<0.0001). (2) The 
mRNA levels of Esm1 were significantly increased by IH in HUEhT-1 
(P=0.0145) and UV2 cells (P=0.0422). (3) The levels of Icam-1 and Esm1 
in IH-treated UV2 cell medium were significantly increased (P=0.0105 
and P<0.0001, respectively). (4) The promoter activities of ICAM-1 and 
ESM1 were not increased by IH. (5) Target mRNA search of miR using 
Micro RNA. org program revealed that both mRNAs have a potential target 
sequence for miR-181a1. (6) The miR-181a1 level of IH-treated cells was 
significantly decreased than that of normoxia-treated cells (P=0.0374). 
(7) The IH-induced up-regulation of Icam-1 and Esm1 was abolished by 
introduction of miR-181a1 mimic but not by miR-181a1 mimic NC.
Conclusion: These results indicate that IH stress down-regulates the miR-
181a1 in vascular endothelial cells, resulting in the increased levels of Icam-
1 and Esm1 mRNA via the inhibition of the miR-181a1-mediated mRNA 
degradation, leading SAS patients to vascular dysfunction as well as T2D.
Disclosure: S. Takasawa: None.

263
The effect of treatment with umbilical cord blood platelet lysate gel 
on diabetic foot ulcer: an open-label randomised controlled study
A. Kountouri1, F.  Psahoulia2, A.  Lazaris2, E.  Michalopoulos3, 
P.  Mallis3, I.  Eleftheriadou4, K.  Balampanis1, E.  Korakas1, L. 
 Pliouta1, M.  Sarris5, G.  Geroulakos2, C. Stavropoulos-Giokas3, G.D. 
 Dimitriadis6, N.  Tentolouris4, V.  Lambadiari1;
1Second Department of Internal Medicine, National and Kapodistrian 
University of Athens, Attikon hospital, Athens, Greece, 2Depart-
ment of Vascular Surgery, Attikon hospital, Athens, Greece, 3Hel-
lenic Cord Blood Bank, Biomedical Research Foundation Academy 
of Athens, Athens, Greece, 4First Department of Propaedeutic Internal 
Medicine,National and Kapodistrian University of Athens, Laiko Gen-
eral Hospital, Athens, Greece, 5Health and Social Care Management, 
University of West Attica, Athens, Greece, 6Sector of Medicine, Medical 
School, National and Kapodistrian University of Athens, Athens, Greece.

Background and aims: Diabetic foot ulcer (DFU) is a significant health, 
social and economic problem worldwide and the most common cause 
of non-traumatic lower limb amputations. The application of autologous 
Platelet Rich Plasma (PRP) has been a breakthrough in the treatment of 
DFU, as it provides the necessary growth factors which enhance tissue 
healing. Human umbilical cord blood platelet lysate (UCB-PL) contains 
a supraphysiological concentration of growth factors. The aim of the 
study was to examine the hypothesis that UCB-PL applied topically as 
gel has a significant impact on the healing rate of DFU.
Materials and methods: In this open-labeled, randomized controlled 
trial 110 patients were randomized to treatment with UCB-PL gel 
(UCB-PL group, n=52) every three days for one month or dress-
ing with normal saline (control group, n=58). Standard adjunctive 
therapy, which included surgical debridement and adequate foot off-
loading, was provided in both groups. All participants were followed 
up for 20 weeks post-treatment. Ulcer surface area was assessed with 
the imitoMeasure application at two weeks, four weeks, six weeks, 
two months, four months and six months. The study’s main outcome 
was the reduction in ulcer size over the six-month study period.
Results: Τhe mean age of participants was 63.66±10.94 years and there 
was no significant difference between the groups regarding the baseline 
characteristics and the ulcer size. The mean ulcer area at baseline was 
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6.37±6.94 in UCB-PL group and 4.59±6.57 in control group (p=0.199). 
At six months post-treatment, patients on UCB-PL treatment displayed 
a significant reduction in ulcer size compared to baseline (0.93±1.71, 
p<0.001), in contrast to no alteration in control group (3.52±6.46, 
p=0.155). At the end of the study, the percentage of reduction in ulcer 
area was significantly higher in UCB-PL group compared to control group 
(82.96% vs 23.57%, p<0.001). There was a significant interaction between 
the type of treatment and the reduction of ulcer area (F=3.846, p=0.057).
Conclusion: Application of UCB-PL gel in DFU resulted in a sig-
nificant reduction in ulcer size compared to regular saline dressing.
Clinical Trial Registration Number: NCT05404295
Supported by: European Union and Greek National Funds through 
the Operational Program Competitiveness, Entrepreneurship and 
Innovation (T1EDK-05722)
Disclosure: A. Kountouri: None.

264
Inhibition of microRNA-34a signalling impairs wound healing in 
diabetes through regulating macrophage polarisation
B. Yan1, A.  Zhao1, S.E.  Angelstig1, S.  Narayanan1, J. Grünler1, M. 
 Navid1, C.  Xu1, D.  Li2, N.X. Landén1, M. Ståhle2, I.R.  Botusan1, N.R. 
 Ekberg1, Q.  Deng3, X.  Zheng1, S.B.  Catrina1;
1Department of Molecular Medicine and Surgery, Karolinska Institutet, 
Stockholm, Sweden, 2Unit of Dermatology and Venereology, Department 
of Medicine, Karolinska Institutet, Stockholm, Sweden, 3Department of 
Physiology and Pharmacology, Karolinska Institutet, Stockholm, Sweden.

Background and aims: Diabetes foot ulceration (DFU) is a devastat-
ing chronic diabetes complication with large impact on morbidity and 
mortality. The therapeutic possibilities are limited due to incomplete 
understanding of the underlying mechanisms. In this study, we aim to 
assess the role of microRNA (miR-34a) in wound healing in diabetes.
Materials and methods: MiR-34a levels were analyzed in biopsies 
from DFUs and in the wounds from db/db mouse model of impaired 
wound healing in diabetes compared to normoglycemic controls. The 
regulation and function of miR-34a in diabetes were further analyzed 
in macrophages (RAW264.7 cells) and db/db mice.
Results: We found that the hypoxia-induced expression of miR-34a 
was inhibited by hyperglycemia in macrophages (1.4±0.2 vs 1.0±0.3, 
n=6, P<0.05). This regulation was on the transcriptional level shown by 
the changes in miR-34a promoter-driven luciferase (miR-34-luciferase) 
activity (1.0 at normoxia, 4.3±1.0 at hypoxia and 1.7±0.2 at hypoxia 
and exposed to high glucose; n=6, P<0.05) and pri-miR-34a levels (1.0 
at normoxia, 5.6±0.3 at hypoxia and 1.2±0.1 at hypoxia and exposed 
to high glucose; n=5, P<0.01). This regulation was mediated by the 
upstream regulator p53. P53 expression was inhibited in wounds from 
mouse model of diabetes and in macrophages that were exposed to high 
glucose at hypoxia. High glucose at hypoxia inhibited p53-binding site-
driven luciferase activity (from 6.1±0.3 to 1.4±0.1, n=3, P<0.05). Acti-
vation of p53 using Doxorubicin rescued pri-miR-34a expression (from 
1.0±0.5 to 4.4±0.8, n=3, P<0.05) and miR-34a luciferase activity (from 
1.2±0.1 to 2.0±0.2, n=4, P<0.05). These results suggest that the inhibi-
tion of miR-34a in diabetes is mediated by p53. Local administration 
of miR-34a mimic improved wound healing in db/db mice (P<0.05). 
RNA-sequencing data suggested that miR-34a affects the oxidative 
metabolism and inflammatory response in the wounds. These resulted 
in a pro- to anti- inflammatory polarization changes of macrophages.
Conclusion: Our results suggest that the inhibition of p53 and micro-
RNA-34a signaling contributes to the impaired wound healing in 
diabetes through the regulation of macrophage polarization. miR-34a 
reconstitution can be a novel potential therapeutic strategy for DFU.
Supported by: VR, ALF, Bert von Kantzows Foundation, KI fonder, 
Diabetesfonden, SRP
Disclosure: B. Yan: None.
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Activation of the Nrf2 pathway offers microvascular protection 
against recurrent hypoglycaemia in type 1 diabetes
A.D. McNeilly1, C.  Forteath1, J.R.  Gallagher2, H.J.  Merchant1, A.T. 
Dinkova-Kostova1, F.  Khan1, M.L.  Evans3, B.  Thorens4, U. Pederson-
Bjergaard5, B.E. de  Galan6, R.J.  McCrimmon1;
1School of Medicine, University of Dundee, Dundee, UK, 2School 
of Life Science, University of Dundee, Dundee, UK, 3University 
of Cambridge, Cambridge, UK, 4Center for integrative Genom-
ics, University of Lausanne, Lausanne, Switzerland, 5University of 
Copenhagen, Copenhagen, Denmark, 6Radboud University Nijmegen, 
Nijmegen, Netherlands.

Background and aims: Hypoglycaemia is a common side effect of 
exogenous insulin therapy in people with diabetes. Several large RCTs 
have suggested a link between recurrent hypoglycaemia, microvascular 
disease and an increased risk of all-cause CV mortality and morbidity. 
Nuclear factor erythroid 2-related factor 2 (Nrf2) activation has been 
associated with mediating a protecting antioxidant response to recurrent 
hypoglycaemia (RH) in the brain. We aimed to investigate whether phar-
macological activation of Nrf2 confers protection against RH-induced 
microvascular dysfunction in mice with Type 1 diabetes.
Materials and methods: Stable type 1 diabetes (T1D) was induced in 
male C57BL6J mice via streptozotocin (125mg/kg i.p) and insulin implant 
(Linbit®). Diabetic mice (n = 8-10/group) were allocated to one of three 
groups: (i) T1D, (ii) T1D + RH, (iii) T1D + RH + sulforaphane (RH/
SFN; 3 episodes per week for 4 weeks). SFN (50mg/kg i.p.) or Vehicle 
(1% DMSO/PBS) was administered 24h before each hypoglycaemic epi-
sode. Skin microvascular function was assessed in vivo using Laser Doppler 
Imaging (LDI) and iontophoresis of the endothelial-dependent vasodila-
tor acetylcholine (Ach) or the endothelial-independent vasodilator sodium 
nitroprusside (SNP). Endogenous endothelial nitric oxide production was 
tested by LDI and iontophoresis of Ach following administration of the 
eNOS blocker N(G)-nitro-L-arginine (L-NAME, 20mg/kg i.p). Maximal 
vasodilatory capacity was measured using LDI imaging with localised 
heating-induced hyperaemia at 42°C. Blood pressure was assessed using a 
non-invasive tail cuff occlusion method (CODA-Kent Scientific).
Results: Microvascular endothelial function (Ach mediated vasodi-
lation) was impaired in T1D animals and further augmented follow-
ing RH (T1D+RH vs Control p<0.001, T1D+RH vs T1D p<0.05). 
Endothelial-dependent vasodilation was significantly improved fol-
lowing treatment with SFN (p<0.01). Ach-mediated vasodilation was 
unchanged between groups following pharmacological inhibition of 
eNOS, suggesting that SFN improves endogenous NO production in 
T1D+RH animals. Vascular smooth muscle function was impaired in 
T1D and T1D+RH animals (SNP vasodilation vs Control, p<0.05 and 
p<0.01) and improved following SFN (T1D+RH vs RH/SFN, p<0.05). 
Maximal vasodilatory capacity to heat was impaired in T1D and aug-
mented in T1D+RH (vasodilation vs Control, p<0.05 and p<0.0001) 
and recovered following SFN(T1D+RH vs T1D+RH+SFN, p<0.001). 
These changes were associated with a significant reduction in blood 
pressure (T1D+RH vs T1D+RH+SFN, p<0.01).
Conclusion: RH impairs microvascular function at the level of 
both endothelial and vascular smooth muscle in T1D. SFN sup-
plementation recovers microvascular responsiveness to vasoactive 
stimuli following RH. These effects are associated with improve-
ments in NO bioavailability and blood pressure. Pharmacological 
activation of the Nrf2 pathway may provide a novel therapeutic 
potential for protection against microangiopathy associated with 
RH in diabetes.
Supported by: IMI, EFPIA, JDRF, IDF, Helmsley, T1D Exchange
Disclosure: A.D. McNeilly: None.
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Recombinant SIRT1 rescues metabolic cardiomyopathy in the 
Db+/+ mice by reprogramming the myocardial lipid signature
A. Mengozzi1,2, S.  Costantino1, S.A.  Mohammed1, E.  Gorica1, A. 
 Mongelli1, N.R.  Pugliese2, S.  Masi2, A.  Virdis2, S.  Velagapudi3, A. 
 Akhmedov3, C.M.  Matter1,4, F.  Ruschitzka1,4, T.F.  Luscher3,5, F.  Paneni1,4;
1Department of Cardiology, Center for Translational and Experimen-
tal Cardiology (CTEC), Zurich, Switzerland, 2Department of Clinical 
and Experimental Medicine, University of Pisa, Pisa, Italy, 3Center 
for Molecular Cardiology, Zurich, Switzerland, 4Department of Car-
diology, University Heart Center, Zurich, Switzerland, 5Royal Bromp-
ton and Harefield Hospitals and Imperial College, London, UK.

Background and aims: Metabolic cardiomyopathy (MCM), char-
acterised by intramyocardial lipid accumulation, drives the progres-
sion to heart failure in cardiometabolic patients. Although evidence 
suggests that SIRT1 orchestrates myocardial lipid metabolism, it is 
unknown whether its restoration could reverse MCM. We investigated 
whether chronic treatment with human recombinant SIRT1 (rSIRT1) 
could halt and reverse the progression of MCM.
Materials and methods:  Db+/+ mice, a model of MCM, were treated 
with rSIRT1 or vehicle for 30 days and compared with control non-
diabetic mice (n=12 each group). At the end of treatment, cardiac 
function was assessed by cardiac ultrasound and left ventricular sam-
ples were collected and processed for further analysis. Transcriptional 
changes were assessed using a custom PCR array. Lipidomic analysis 
was performed by mass spectrometry. H9c2 cardiomyocytes exposed 
to hyperglycaemia and treated with rSIRT1 were used as an in vitro 
model of MCM to investigate the ability of rSIRT1 to directly modu-
late malondialdehyde (MDA) levels and caspase 3 activity.
Results: rSIRT1 treatment restored cardiac function, improving stroke 
volume, cardiac output, left ventricular ejection fraction, fractional 
shortening and E’/A’ ratio (p<0.001). In left ventricular samples from 
rSIRT1 treated mice, PPARα, PPARγ, CD36, PLIN3, fatty acid synthase 
and fatty acid binding proteins 1 and 2 were significantly downregulated 
(p<0.0001) (Figure panel A). rSIRT1 profoundly reshaped the cardiac 
lipidome (Figure panel B): low and high molecular weight triglycerides 
(markers of de novo synthesis and fatty acid uptake) were significantly 
reduced (p<0.01), as were pro-apoptotic and pro-oxidant ceramides (Cer 
18:1 and Cer 18:24; p<0.001). In vitro assays confirmed that rSIRT1 
abrogates caspase-3 activity and MDA levels (p<0.001 for each).
Conclusion: In the  Db+/+ mouse, rSIRT1 treatment rescues cardiac 
function. These effects are explained by a profound modulation of 
the left ventricular myocardial lipid signature. rSIRT1 treatment may 
represent a promising therapeutic strategy for MCM, a hallmark of 
cardiometabolic damage.

Disclosure: A. Mengozzi: None.

267
Continuous representation of type 2 diabetes heterogeneity on a 
tree-like graph structure stratifies risk of complications
M. Schön1,2, K.  Prystupa1,2, T.  Mori1,2, O.P.  Zaharia1,3, K. Bódis1,3, Y. 
 Kupriyanova1,2, A.T.N.  Nair4, A.  Strom1,2, R.  Guthoff3, G.J. Bönhof1,3, V. 
Schrauwen-Hinderling1,2, O.  Kuss1,2, E.R.  Pearson4, M.  Roden1,3, R.  Wagner1,3;
1German Diabetes Center, Leibniz Center for Diabetes Research at 
Heinrich Heine University, Düsseldorf, Germany, 2German Center for 
Diabetes Research (DZD), München-Neuherberg, Germany, 3Medical 
Faculty, Heinrich Heine University, Düsseldorf, Germany, 4School of 
Medicine, University of Dundee, Dundee, UK.

Background and aims: Type 2 diabetes is a heterogeneous disease 
comprising a wide range of pathophysiological features. Recently, a 
data dimensionality reduction approach based on commonly available 
clinical variables into a tree-like structure revealed phenotypic vari-
ation at diabetes diagnosis. Here, we aimed to validate this approach 
and study if intensified phenotyping stratifies complications.
Materials and methods: Participants (n=927) of the German Diabetes 
Study (GDS) with recent-onset T2D were mapped onto a two-dimensional 
tree based on HbA1c, BMI, total and HDL cholesterol, triglycerides, ala-
nine aminotransferase, creatinine, systolic and diastolic blood pressure, 
residualized for age and sex. A subset (n=447) had follow-up examina-
tions after 5 years. Insulin sensitivity was assessed by hyperinsulinemic-
euglycemic clamp, insulin secretion by intravenous glucose tolerance test, 
hepatocellular lipids (HCL) by 1H-MR spectroscopy and diabetic retin-
opathy (DR) by fundus photography. Participants were followed-up for 
progression of diabetes-related outcomes (e. g. cardiovascular events) by 
annual phone interviews and regular 5-year visits up to 15 years.
Results: Phenotypic variability rendered on a tree structure showed 
gradients for insulin sensitivity (both dimensions: p<0.001) and 
insulin secretion (both dimensions: p<0.001) (Fig 1). Individuals 
in the tree branch with the lowest insulin sensitivity had the highest 
HCL  (pdim1<0.001,pdim2=0.037) and elevated cardiovascular hazard 
 (nevents=147,  HRmax 4.0,  pdim1=0.277,pdim2<0.001), whereas persons 
positioned in the branch with the lowest insulin secretion had the high-
est risk of DR  (nevents=25,  HRmax 1.25,  pdim1=0.047,pdim2=0.211).
Conclusion: This method provides an alternative approach to discrete 
clusters in identifying different pathophysiologic constellations underly-
ing recent-onset diabetes and certain diabetes-related diseases, extending 
the tools of precision diabetes diagnosis.
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Clinical Trial Registration Number: NCT01055093
Supported by: German Federal Ministry of Health, Ministry of Cul-
ture and Science North Rhine-Westphalia, BMBF, DZD
Disclosure: M. Schön: None.

268
Endothelial-specific deletion of lysine methyltransferase Set7 pro-
tects mice from obesity and insulin resistance-related endothelial 
dysfunction
J. Sánchez-Ceinos1, P. Döttling1, M.  Jakobsson2, A.  Vegvari3, F. 
 Cosentino1;
1Dpt. of Medicine, Solna, Karolinska Institutet, Stockholm, Sweden, 
2Dept. of Immunotechnology, Faculty of Engineering, Lund Univer-
sity, Lund, Sweden, 3Dept. of Medical Biochemistry and Biophysics, 
Karolinska Institutet, Stockholm, Sweden.

Background and aims: Features of obesity and insulin resistance (IR) 
(i.e., hyperglycemia, hyperinsulinemia, inflammation, and elevated free 
fatty acids) impair endothelial function. We have previously reported 
that lysine methyltransferase Set7 is involved in high glucose-induced 
endothelial damage in subjects with type 2 diabetes through mono-
methylation of histone 3 at lysine 4 (H3K4me1). Apart from such 
histone-driven epigenetic modulation, Set7-mediated methylation of 
non-histone proteins is emerging as a novel mechanism underlying the 
(dys)regulation of several biological processes. Here, we investigate the 
dual role of Set7 in endothelial dysfunction in obesity and IR.

Materials and methods: WT and endothelium-specific conditional 
genetic deletion of Set7  (Set7EC-KO) mice were fed with normal (ND) 
or high-fat diet (HFD). Body weight and plasma parameters were 
measured, whereas vascular reactivity was assessed by organ chamber 
experiments. Furthermore, human aortic endothelial cells (HAECs) 
were exposed to high concentrations of glucose, insulin, TNFα, or 
fatty acids. Set7 overexpression, silencing, and inhibition studies 
were also performed in these cells. Gene and protein expressions 
were assessed by RT-PCR and immunoblotting analysis, respectively. 
Specific antibodies were used for the enrichment of lysine mono-, di-, 
and tri-methylated proteins and LC-MS/MS proteomic analysis was 
carried out for their identification.
Results: Despite similar obesity and insulin resistance/dyslipidemia 
phenotype, aortas from  Set7EC-KO mice were protected against HFD-
induced impairment of endothelium-dependent relaxations. HAECs 
subjected to the above-mentioned in vitro models exhibited an increase 
in the expression of inflammatory markers associated with Set7 upregu-
lation. Significant changes in the global patterns of H3K4me1 as well 
as of methylated proteins were also observed in these cells. Studies 
overexpressing an inactive form of Set7 (i.e., lacking the SET domain) 
revealed that Set7 methyltransferase activity is required to define the 
protein methylome in HAECs. Similar results were obtained when 
Set7 was silenced using specific siRNA or inhibited by Set7-inhibitor 
cyproheptadine. Accordingly, overexpression of an active form of Set7 
as well as its silencing/inhibition resulted in a consistent up- and dow-
regulation, respectively of several inflammatory mediators and adhe-
sion molecules. Finally, proteomics analysis allowed us to identify, for 
the first time, the protein methylome of endothelial cells, comprising 
around 2,000 methylated proteins involved in essential biological pro-
cesses such as RNA metabolism and cytoskeleton.
Conclusion: Our data indicate that mice with endothelial-specific 
deletion of Set7 are protected from obesity/IR-related endothelial 
dysfunction. Moreover, our findings uncover a dual role of this meth-
yltransferase in triggering inflammatory changes via methylation of 
both histone and non-histone proteins in endothelial cells.
Supported by: Konung Gustaf V och Drottning Victorias Frimurar-
estitelse; City Pharmacy, UAE; KI Stiftelser
Disclosure: J. Sánchez-Ceinos: None.
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The RNA-binding protein ZMAT3 is increased by insulin and 
contributes to hyperinsulinaemia-induced senescence and insulin 
resistance in human cells
R. Spinelli1,2, P.  Florese2, F.  Beguinot2, A.  Nerstedt1, U.  Smith1;
1Lundberg Laboratory for Diabetes Research, Department of Molecu-
lar and Clinical Medicine, University of Gothenburg, Gothenburg, 
Sweden, 2Department of Translational Medical Sciences, Federico 
II University of Naples, Naples, Italy.

Background and aims: Insulin resistance (IR) and associated hyper-
insulinemia are major features of obesity, Type 2 Diabetes (T2D), and 
non-alcoholic fatty liver disease (NAFLD). However, the relationship 
between IR and hyperinsulinemia is also bidirectional since hyperin-
sulinemia can induce IR but the mechanistic link is unclear. Increased 
cell senescence (CS) may be a unifying factor. Indeed, human liver 
CS is increased in NAFLD, and the degree of CS is closely related 
to disease severity, whole-body IR, and hyperinsulinemia. Moreover, 
hyperinsulinemia causes CS in human liver cells. We are here pos-
tulating that increased CS in key metabolic tissues promotes IR. To 
examine the mechanistic link between human liver CS and hyperin-
sulinemia we focused on the role of ZMAT3 which we have shown 
to activate the p53/p21 pathway and induce senescence in human 
preadipocytes. Human obesity, T2D, and NAFLD are all associated 
with increased ZMAT3 expression and senescence in adipose and 
liver cells.
Materials and methods: Several senescence markers and senes-
cence-associated secretory phenotype (SASP) factors were assessed 
in human hepatocytes. Gene expression was measured by qPCR, 
western blot, and immunohistochemistry. Gain- and loss-of-function 
experiments were performed in the absence and presence of insulin 
to dissect the regulatory mechanisms for hepatocyte senescence. The 
biological functions of SASP were validated by collecting condi-
tioned media (CM) from senescent hepatocytes.
Results: ZMAT3 expression was increased by insulin within 6 hours 
and remained elevated with prolonged hyperinsulinemia, along with 
increased senescence markers P53, P21, P16, and γH2AX, as well as 
SASP factors IL8, IL18, MMP3, GDF15, IGFBP4 and SPP1, which 
can mediate the detrimental effects of senescent hepatocytes on 
inflammation, IR, and fibrosis. The importance of increased ZMAT3 
was verified since overexpressing ZMAT3 in hepatocytes mimicked 
the CS phenotype caused by hyperinsulinemia. Non-senescent hepat-
ocytes exposed to CM from ZMAT3-overexpressing cells acquired 
increased ZMAT3 expression as well as a senescent phenotype imply-
ing an interplay between ZMAT3 induction, ZMAT3-dependent 
SASP, and CS. In contrast, silencing ZMAT3 counteracted the CS 
caused by hyperinsulinemia supporting the importance of ZMAT3 in 
mediating this effect. We further showed that insulin signaling was 
impaired in hyperinsulinemia-induced senescent hepatocytes, but this 
did not require hyperinsulinemia per se since it was also observed 
in senescent hepatocytes caused by ZMAT3 overexpression or after 
treatment with CM from ZMAT3-overexpressing cells. Finally, the 
senolytic agent navitoclax reduced senescence in hyperinsulinemia-
treated hepatocytes and this was accompanied by decreased ZMAT3 
expression and improved insulin signalling.
Conclusion: Hyperinsulinemia induces senescence in human liver 
cells, and this contributes to the development of IR. ZMAT3 exerts 
both a cell-autonomous and a non-cell-autonomous role in mediating 
these effects.
Disclosure: R. Spinelli: None.

270
Positive effects of bariatric surgery are associated with attenua-
tion of cellular senescence
S. Stemberkova Hubackova1, T.  Havrlantova1, I.  Simonik2, M. 
 Mraz1, M.  Haluzik1;
1Institute for Clinical and Experimental Medicine, Prague, Czech 
Republic, 2St. Zdislava Hospital, Velke Mezirici, Czech Republic.

Background and aims: Bariatric surgery represents the most effi-
cient approach to treatment of obesity. However, the detailed mecha-
nism of its positive metabolic effect is still not fully understood. Cel-
lular senescence arrests damaged cells thus prevents further spreading 
of the damage. Persistence of senescent cells especially in adipose 
tissue can, however, contribute to the development of a number of 
chronic diseases including obesity and its complications. Reduction 
of adipose tissue after bariatric surgery can therefore reduce the num-
ber of senescent cells and their negative effects on organism.
Materials and methods: 17 patients with obesity  (2nd grade and 
higher) and without type 2 diabetes mellitus indicated to bariatric 
surgery (sleeve gastrectomy) were included into the study. Subcu-
taneous (SAT) adipose tissue and plasma were collected during the 
surgery (V1) and 6 month after the surgery (V3). The analysis of 
samples included RT-qPCR (mRNA transcription in SAT) and Elisa 
or Luminex for detection of hormones and proteins from plasma.
Results: Our results show that bariatric surgery reduces the amount 
of senescent cells in adipose tissue, which results in the decrease of 
oxidative stress and inflammation, partially also by reduced recruit-
ment of pro-inflammatory macrophages. In addition, we detected lower 
plasma levels of soluble E-selectin and ICAM-1, molecules enhancing 
cardiovascular damage known to be produced by senescent cells, as 
well as decreased expression of ACE2, whose increased expression was 
detected in senescent cells. Importantly, we also observed decreased 
expression of ADAM17 responsible for producing a soluble form of 
ACE2, a newly identified predictor of cardiovascular damage.
Conclusion: Reduction of senescent cells in adipose tissue after 
bariatric surgery contributes to improvement of inflammation and 
metabolic parameters in patients with obesity and decreases the risk 
of cardiovascular complications. Moreover, decreased expression of 
ACE2, an entry receptor for SARS-CoV-2, may contribute to milder 
Covid-19 course in patients with obesity.
Supported by: Czech Health Science Foundation (NU22-01-00096), 
Programme EXCELES-LX22NPO5104, CZ-DRO (IN 00023001)
Disclosure: S. Stemberkova Hubackova: None.
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Loss of the armadillo-repeat protein Plakophilin-2 in obesity 
breaks cell cycle dynamics to breed adipocyte senescence
A. Lluch1,2, J.  Latorre1,2, N. Oliveras-Cañellas1,2, I.  Espadas3, E. 
Caballano-Infantes1,2, J. Moreno-Navarrete1,2, W.  Ricart1,2, A. Mar-
tin-Montalvo3, M. Malagón4, J. Fernández-Real1,2, F.  Ortega1,2;
1Institut d’Investigació Biomèdica de Girona (IDIBGI), Salt, 
Spain, 2CIBER de la Fisiopatología de la Obesidad y la Nutrición 
(CIBEROBN), Instituto de Salud Carlos III (ISCIII), Madrid, Spain, 
3Centro Andaluz de Biología Molecular y Medicina Regenerativa 
(CABIMER), Consejo Superior de Investigaciones Científicas 
(CSIC), University Pablo de Olavide, Sevilla, Spain, 4Department of 
Cell Biology, Physiology and Immunology, Instituto Maimónides de 
Investigación Biomédica de Cordoba (IMIBIC), University of Cor-
doba, Reina Sofia University Hospital, Cordoba, Spain.

Background and aims: Cellular senescence is a state presenting 
extended and generally irreversible cell cycle arrest. Multiple stimuli, 
as the physiological decay of aging, or the low-grade, chronic and sys-
temic inflammation, may trigger senescence. This appears to prompt 
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the loss of key functions also in adipocytes. Plakophilin-2 (PKP2) is 
a widespread desmosomal protein with an apparent role in cell cycle 
implicated in the non-canonical adipogenic conversion of deranged 
cardiac cells with defective PKP2. Through this study, we sought to 
decipher its role in canonical fat cells and gain insight into its metabolic 
relevance in human adipose tissue, together with the development of 
an obese phenotype.
Materials and methods: We performed exhaustive analysis of pri-
mary human adipocyte cultures, ex vivo isolated fat cells, genome-
wide transcriptional studies of PKP2-deficient mature adipocytes, and 
cross validations in transversal and longitudinal pre-post weight loss 
patient cohorts to report multiple evidences of a previously unknown 
biological function of the armadillo-repeat protein PKP2 in adipo-
cytes, closely related to the pathophysiology of obesity.
Results: We show the steadily increase of PKP2 during the adipo-
genic course, with expression levels reaching its apex in terminally 
differentiated adipocytes. Clinically, decreased PKP2 in subcutane-
ous adipose tissue is tightly related to obesity and inflammation, as 
pointed by the scrutiny of cross-sectional samples and longitudinal 
studies of weight loss. Notably, we identified impaired expression of 
PKP2 in adipocytes upon treatment with macrophage-derived pro-
inflammatory cytokines mimicking the microenvironment in obese 
adipose tissue. Then, we demonstrated that reduced expression of 
adipocyte-specific PKP2 has a large impact on fat cell function, 
while integrated transcriptomes obtained using two loss-of-function 
approaches unveiled new functions of PKP2 in human adipocytes, 
namely maintenance of cell cycle and E2F target gene signatures to 
avoid senescence under conditions of sustained inflammation. Con-
versely, restitution of PKP2 provided an inner sight on the implica-
tions of the loss of PKP2 to realize the occurrence of deleterious 
events due to the anomaly of impaired cell cycle in inflamed/obese 
adipocytes.
Conclusion: Collectively, our data show for the first time expression 
patterns of PKP2 in adipose tissue related to obesity and adipocyte 
function, and indicate that this particular scaffold component of the 
desmosome not only represents an important regulator of adipogenic 
stimuli but also that the partial loss of PKP2 in adipocytes acts as a 
critical driver of defective fat cell cycle and ensuing deranged senes-
cence in obese subjects.
Supported by: CIBEROBN, ISCII, ERDF, ESF, CERCA, PERIS, MS, 
PFIS
Disclosure: A. Lluch: None.
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Defining the role of adipose-glucocorticoid signalling in age-
related cardiometabolic disorders
C. Beaupere1, H.  Soula2, K.  Poussin1, A.  Grosfeld1, C.  Vigouroux1,3, 
M.  Moldes1, B. Fève1,4;
1Eq. Feve, INSERM U-938, Sorbonne University, Paris, France, 2Nutri-
tion and Obesities: Systemic Approaches (NutriOmics) Research Unit, 

Sorbonne Université, INSERM, UMRS U1269, Paris, France, 3AP-HP, 
Hôpital Saint-Antoine, Service Endocrinologie, CRMR PRISIS, Paris, 
France, 4AP-HP, Hôpital Saint-Antoine, Service Endocrinologie, Paris, 
France.

Background and aims: Cortisol secretion changes with age. Con-
versely, overexposure to glucocorticoids (GCs) predisposes to age-
related cardio-metabolic diseases, suggesting a stringent connection 
between GCs and aging. The use of synthetic GCs has shown the 
major bystander effect of GCs particularly on insulin-sensitive tis-
sues. Recently, we demonstrated the central role of adipose tissue 
(AT) in the pathophysiology of cardiometabolic disorders induced 
by a long-term GCs treatment, by developing an inducible model of 
glucocorticoid receptor (GR) deletion specifically within adipocytes 
(adipoGR-KO mice). AdipoGR-KO mice are protected against the 
adverse metabolic effects of excess GCs. AdipoGR-KO mice also 
present a healthy expansion of adipose tissues and preserved insulin 
sensitivity upon prolonged corticosterone treatment. However, the 
impact of GCs on organismal aging, and on AT aging remains to be 
investigated.
Materials and methods: To this aim we investigated the pro-
senescent effects of GCs in vitro on human pre-adipocytes. Further, 
we validated the involvement of the GR i) in GC-induced cellular 
senescence by deleting GR using CRISPR-cas9, and ii) in premature 
senescence by analyzing GCs effects on senescent fibroblasts origi-
nating from patients with progeroid syndromes. Finally, we validated 
the pro-senescent effects of GCs in control and adipoGR-KO, young 
(3-month-old) or old (1-year-old) mice.
Results: We first validated the pro-senescent impact of GCs on pre-
adipocytes. GR-ablated cells were resistant to GCs-induced senes-
cence. Several arguments led us to believe that the GR plays a major 
role in cellular-senescence: i) GR accumulate in old cells, ii) the 
pro-senescent cell cycle inhibitor  p21cip1 is rapidly induced upon 
GCs stimulation, iii) the premature senescence observed in fibro-
blasts from patients with progeroid syndromes is reversed by silenc-
ing GR signaling. Moving forward, we then used an in vivo approach 
to demonstrate that GCs induce cellular senescence in insulin sensi-
tive tissues, particularly in mice fat depots. We could demonstrate 
that adipoGR-KO mice were partially protected from GCs-induced 
senescence locally within adipose tissues. Moreover, 1-year-old adi-
poGR-KO mice exhibited reduced insulin resistance when compared 
with control mice, suggesting that inducing GR deletion within adi-
pocytes is sufficient to reverse age-related insulin-resistance. Finally, 
we observed that both age and cellular senescence impair kinetics of 
response to GCs, suggesting that the loss of GCs-sensitivity could be 
used as a marker of cardiometabolic age in the future.
Conclusion: Our project will thus demonstrate that targeting adi-
pocytes GR-signaling is a relevant therapeutic target for delaying 
age-related cardio-metabolic disorders but also accelerated aging 
syndromes.
Supported by: ANR, SFD, FRM
Disclosure: C. Beaupere: None.
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OP 48 Different approaches to map signal 
pathways in islet cells
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The heterogeneity of islets in the healthy pancreas: calcium 
reveals different responses
E. Nikitina, C.M. Cohrs, S. Speier;
Institute of Physiology, Faculty of Medicine Carl Gustav Carus, Tech-
nische Universität Dresden, Dresden, Germany.

Background and aims: The islets of Langerhans in their collectiv-
ity are known to maintain whole-body glucose homeostasis. There 
is increasing recognition that within the organ, islets display certain 
degrees of heterogeneity with regards to intrapancreatic localization, 
size, architecture, cell composition, and endocrine cell function. 
However, it is so far not known whether morphological parameters 
will affect the functional output of islets within their native environ-
ment. In order to determine inter-islet heterogeneity under close to in 
vivo settings we aim to investigate intracellular calcium dynamics of 
multiple islets within pancreas tissue slices in situ thereby preserving 
the islets’ native environment.
Materials and methods: To facilitate the assessment of  [Ca2+]i dynam-
ics as a readout of beta cell function, we used Ins1Cre+/Cre-GCaMP3+/+ 
mice at the age of 12-18 weeks that expressed the genetically encoded 
calcium indicator GCaMP3 specifically in beta cells. Pancreas tissue 
slices were prepared from individual mice and 10 to 36 islets were 
assessed from a total of 6 slices/mouse. Simultaneous 4D imaging of 
 [Ca2+]i dynamics in multiple islets was performed during slice perifu-
sion on a Leica SP8 LSM equipped with an automated staged. During 
perifusion, islets were stimulated with different glucose concentrations 
(8 mM, 11.1 mM) as well as 30mM KCl to assess potential differences 
in islet responsiveness. Analysis of individual islet  [Ca2+]i traces were 
normalized and analyzed by different Python toolsets. In order to cor-
relate islet function with morphological parameters, islet location, size 
and cellular composition were assessed after immunohistochemical 
staining.
Results: Overall,  [Ca2+]i kinetics displayed a glucose concentra-
tion dependent increase in responsiveness with increased first phase 
peak amplitudes at 11.1 mM compared to 8 mM glucose (n=195 
islets, 8 mice vs. n=257 islets, 8 mice). Interestingly, responses at 
11.1mM showed a broader range of amplitudes As islet size distribu-
tions were comparable between the two glucose concentration groups 
(mean diameter of 109.3μm ± 3.7μm vs. 120.2 ± 4.5μm for 8mM 
and 11.1mM, respectively), we correlated response intensity to islet 
size. Upon stimulation with 8 mM glucose, especially small islets and 
clusters (<50μm) showed stronger  [Ca2+]i responses at stimulation 
compared to all other sizes. Despite significantly higher amplitudes at 
11.1mM in each islet size group (50μm intervals/group), islets up to 
150μm in diameter showed higher peak amplitudes than larger islets 
within the tissue slices, independent of the location within the tissue. 
In contrast, preliminary analysis of islet responsiveness in relation to 
its positioning within the exocrine tissue and connection to the ductal 
system revealed no differences.
Conclusion: In this study, we attempt to correlate the functional 
and morphological inter-islet heterogeneity within the intact pan-
creas tissue upon stimulation with different glucose concentrations. 
Preliminary data show a broad range of responsiveness to the same 
glucose concentration, which seems to be dependent on islet size, but 
not on intra-pancreatic location. Further analyses will now focus on 
islet cell composition in relation to islet size. Moreover, future stud-
ies will address how the observed inter-islet heterogeneity changes 
during various disease states.
Supported by: NIH
Disclosure: E. Nikitina: None.
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Ex vivo mapping of metabolic pathways assessed by in situ enzy-
matic activities in pancreatic islets during development of diabe-
tes in mice and humans
N. Baez1, Y.  Zhou1, E. Schöniger2,3, N.  Kipke2,3, D.  Friedland2,3, M. 
 Barovic2,3, Y.  Morgenroth2,3, M.  Distler3,4, T.  Brun1, M.  Solimena2,3, 
P.  Maechler1;
1Dpt. of Cell Physiology and Metabolism, University of Geneva Med-
ical School, Geneva, Switzerland, 2Dpt. of Molecular Diabetology, 
University Hospital and Faculty of Medecine, TU Dresden, Dresden, 
Germany, 3Paul Langerhans Institute Dresden, University Hospital 
and Faculty of Medecine, TU Dresden, Dresden, Germany, 4Dpt. of 
Visceral, Thoracic and Vascular Surgery, University Hospital and 
Faculty of Medecine, TU Dresden, Dresden, Germany.

Background and aims: Development of Type 2 Diabetes (T2D) is 
characterized by the gradual alteration of beta-cell function. The 
efficiency of metabolism-secretion coupling is difficult to evaluate 
in vivo and islet isolation may change beta-cell responses. To assess 
ex vivo metabolic pathways of beta-cells, we established enzyme-
targeted nitroblue tetrazolium (NBT) assays on cryopreserved tis-
sues. We measured the activity of key enzymes of several metabolic 
pathways in islets in situ of db/db mice and human metabolically 
phenotyped pancreatectomized donors with normoglycemia, impaired 
glucose tolerance (IGT) or T2D.
Materials and methods: We applied the NBT assays on cryo-
preserved pancreatic sections to study the following enzyme 
activities: glyceraldehyde-3-P dehydrogenase (GAPDH) as a 
readout of glycolysis; lactate dehydrogenase (LDH) for potential 
beta-cell dedifferentiation, succinate dehydrogenase (SDH) for 
mitochondrial activity, and glutamate dehydrogenase (GDH) for 
a putative amplification pathway. The NBT signal was measured 
through calibrated optical density in islets and the neighboring 
acinar cells as reference values. The study was conducted on 
leptin receptor mutant db/db mice, a robust model of T2D, and 
their heterozygous db/+ non-diabetic controls (n=5 per group). 
We used 6-week and 8-week-old db/db mice to model prediabetes 
and diabetes states, respectively. Pancreatic sections from 6h 
fasted mice were stored at -80°C until processing. In parallel, 
we analyzed human pancreatic sections from Non-Diabetic (ND), 
IGT (prediabetes), and T2D (n=10 per group) donors within the 
LIving DOnor PAncreatectomized COhort (LIDOPACO) in Dres-
den. Dithizone (DTZ) insulin staining was performed on human 
and mouse pancreatic sections to detect beta-cells and assess 
islet versus acinar zones.
Results: In db/db mice the in situ NBT assays revealed increased 
glycolytic GAPDH activity in islets of both prediabetic (p=0.012) 
and T2D (p=0.003) mice as compared to their age-matched db/+ 
controls. LDH activity was very low in control islets, not upregu-
lated in T2D. SDH activity was robust in control islets, while sig-
nificantly declined in db/db mice with T2D (p=0.036 vs. 8-week-
old db/+). GDH activity was transiently increased in prediabetic 
db/db mice. In human islets, we observed no difference between 
ND, IGT and T2D groups for GAPDH and LDH activities. How-
ever, islet SDH activity was significantly decreased in donors with 
T2D compared to ND subjects (p=0.046), while being preserved 
in patients with IGT. GDH was active and did not exhibit changes 
between the different groups.
Conclusion: This study reveals in situ metabolic mapping in cryo-
preserved pancreatic islets of prediabetic and diabetic db/db mice and 
T2D human subjects. Collectively, the results show that T2D is asso-
ciated with altered mitochondrial SDH activity, while the glycolytic 
GAPDH pathway is preserved or eventually boosted.
Supported by: SNF, DZD, INTERCEPT-2D
Disclosure: N. Baez: None.
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Signal Regulatory Protein Alpha (SIRPA) mitigates STAT1 activ-
ity and protects human beta cells by targeting HDAC6
K. Afi Leslie, C. Lekka, S.J. Richardson, M.A. Russell, N.G. Morgan;
University of Exeter Medical School, Exeter, UK.

Background and aims: Signal Regulatory Protein Alpha (SIRPα) is 
present in human beta-cells and improves their viability under pro-
inflammatory conditions. We have studied the mechanisms involved 
and find that SIRPα regulates the activity of a lysine deacetylase 
(HDAC6) which, in turn, controls the activation of STAT1.
Materials and methods: Human EndoC-βH1 cells were employed. 
Protein binding partners for SIRPα were identified by mass spec-
trometry and confirmed by coimmunoprecipitation and Western 
blotting. Cell viability was assayed by flow cytometry and tar-
geted gene knockdown achieved with siRNA. STAT1 activity was 
measured using a luciferase reporter construct. Human pancreas 
samples from control individuals and those with recent-onset type 
1 diabetes were studied to monitor the expression of HDAC6 and 
SIRPα by immunostaining.
Results: SIRPα was detected readily by Western blotting in EndoC-βH1 
cells and its targeted knockdown significantly (2-2.5-fold) increased 
both STAT1 expression (p<0.05) and activity (p<0.05) in cells exposed 
to IFNγ. Overexpression of SIRPα correspondingly reduced STAT1 
activity. Mass spectrometry revealed strong interactions between 
SIRPα and several target proteins including HDAC6, VCP, GPRASP2, 
and STAT1. These interactions were confirmed by co-immunoprecip-
itation studies in isolated human islets. Knockdown of HDAC6 (or 
inhibition of its activity with a selective inhibitor) inhibited STAT1-
induced reporter gene activity in response to IFNγ (Scrambled control: 
1.0±0.4, siHDAC6 1.2±0.2 fold, IFNγ 15.05±1.2, siHDAC6+IFNγ 
6.9±0.4; p<0.001). Additionally, the knockdown of HDAC6 signifi-
cantly reduced the expression of IFNγ-sensitive genes that are con-
trolled by STAT1, such as MX1 (IFNγ: 31.75±3.1; siHDAC6+IFNγ 
13.0±2.6, p<0.001). Furthermore, HDAC6 inhibition using BRD9757 
showed significant protection of INS1E cells from apoptosis induced 
by pro-inflammatory cytokines (TNFa, IL1β, IFNγ) (DMSO control 
31.16±2.8%, BRD 25.73±2.6%, HDAC6 33.05±3.3%, cytokines 
66.09±3.9%, BRD+cytokines 29.74±2.7%, and HDAC6+cytokines 
72±3.5% cell death. p<0.001 between BRD+cytokines and cytokines). 
Immunohistological examination of pancreata from healthy organ 
donors demonstrated islet-specific expression of SIRPα. Multiplex 
immunofluorescence labelling revealed that SIRPα is more highly 
expressed by beta- than alpha-cells (Mean Fluorescence Intensity 
(MFI): α-cells - 84.0±3.6AU, β-cells - 147.0±3.5AU, p<0.01). A sig-
nificant loss of SIRPα occurred in the β-cells of subjects with recent-
onset type 1 diabetes (MFI - 106.2±3.9AU, p<0.001) with no change 
in α-cell expression (α-cells - 85.45±2.7AU, p=0.99). The expression 
of HDAC6 correlated inversely with that of SIRPα in the β-cells of 
people with type 1 diabetes.
Conclusion: We conclude that contrary to recent suggestions, SIRPα is 
present in human β-cells where it acts to inhibit STAT1 signaling. This 
is mediated by a mechanism that is dependent on the interaction between 
STAT1 and HDAC6. We propose that loss of SIRPα and an increase in 
HDAC6 expression in human β-cells in T1D may contribute to their loss of 
viability under pro-inflammatory conditions by enhancing STAT1-induced 
gene expression.
Supported by: Sincere gratitude to Diabetes UK for the funding
Disclosure: K. Afi Leslie: None.
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Pleiotropic effects of imeglimin on pancreatic alpha cells at single-
cell resolution
T. Tsuno, R. Inoue, K. Nishiyama, J. Shirakawa;
Laboratory of Diabetes and Metabolic Disorders, Institute for Molec-
ular and Cellular Regulation, Gunma University, Maebashi, Japan.

Background and aims: It has been unknown whether imeglimin, anti-
diabetes drug, affects pancreatic alpha cell function. In this study, we 
investigated the effects of chronic exposure of imeglimin on alpha cells.
Materials and methods: Single-cell RNA sequencing (scRNA-seq) 
for mouse islets after treatment with imeglimin for 24 hours under 
3.9 mM (low) or 11.1 mM (high) glucose was conducted. Mouse 
islets, human islets, or hPSC-derived glucagon producing spheroids 
were treated with imeglimin. Alpha cell-specific analysis was also 
performed by sorted alpha cells from Gcg-cre;ROSA26-td-Tomato 
mouse islets using flow cytometer and single-cell western blotting 
(scWB) to assess the impact of imeglimin.
Results: Alpha cell-specific analysis of scRNA-seq showed that 
imeglimin upregulated 59 genes, including Ddit3 (2.00-fold) and Ins2 
(1.71-fold) (p<0.001), and downregulated 111 genes, including Mafb 
(0.38-fold) and Slc7a2 (0.47-fold) (p<0.001), under low glucose. 
Pathway analysis revealed that “ER stress response” and “protein 
translation” for the upregulated genes and “secretion” and “endo-
crine development” for the downregulated genes were suggested in 
imeglimin-treated alpha cells (p<0.05). Imeglimin reduced glucagon 
gene expression by 71%, glucagon secretion by 62%, and the propor-
tion of glucagon-producing cells in islets by 26% (p<0.05) in isolated 
mouse islets under low glucose, while alpha cell proliferation was 
not changed. Those effects of imeglimin on alpha cells were also 
observed in both human islets and hPSC-derived glucagon-producing 
spheroids. When comparing high and low glucose the expression of 9 
genes were significantly upregulated and 23 genes were significantly 
downregulated under low glucose in alpha cells (Nupr1 3.43-fold; 
Ins2 0.38-fold). We identified 11 genes that expression was com-
monly altered by both imeglimin and low glucose in alpha cells. 
Ddit3, Ctrb1, Mt1, Mt2, Hspa8, and 2410006H16Rik were upregu-
lated by both low glucose and imeglimin; Nupr1, Rnase4, Gnai2 were 
upregulated by low glucose but downregulated by imeglimin; and 
Ins1 and Ins2 were downregulated by low glucose but upregulated 
by imeglimin. Treatment of imeglimin reduced the proportion of 
alpha cells in mouse islets (7.44±0.13% with vehicle, 6.87±0.04% 
with imeglimin, p<0.05), which was confirmed by flow cytometry. 
In sorted mouse alpha cells, imeglimin downregulated the expres-
sion of Mafb and Arx by 49% and 40% respectively, and upregu-
lated the expression of Ddit3, Mafa, and Pdx1 by 85%, 73% and 40% 
respectively (p<0.05). The scWB for mouse islets demonstrated that 
imeglimin augmented protein levels of insulin (1.55-fold) and Ddit3 
(2.57-fold) in alpha cells (p< 0.05).
Conclusion: In this study, we showed that treatment of islets with 
imeglimin decreased glucagon secretion, reduced alpha cell mass, 
and downregulated alpha cell identity gene expression (beta cell-like 
gene expression). Since glucagon secretion is enhanced during low 
glucose, molecules that are commonly altered by low glucose and 
imeglimin may be involved in the reduction in glucagon secretion by 
imeglimin. Considering the results of previous reports, the decreased 
expression of Mafb and Arx by imeglimin has the potential to provide 
insight into immature state or reduction in glucagon secretion in alpha 
cells. Thus, imeglimin might affect glucose metabolism by inducing 
dedifferentiation of alpha cells and suppressing glucagon secretion.
Disclosure: T. Tsuno: None.
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Estimating health resource utilisation cost reduction through 
provision of specialist obesity reduction services by sex and age 
groups in main health localities in England
M.R.B. Davies1, M.P.  Stedman1, M.  Whyte2, J.J. Warner-Levy3, A.H. 
 Heald4;
1Res Consortium, Andover, UK, 2Dept Clinical and Experimental 
Medicine, University of Surrey, Guildford, UK, 3The University of 
Manchester, Manchester, UK, 4Dept of Diabetes and Endocrinology, 
Salford Royal Hospital, Salford, UK.

Background and aims: Patients with obesity often require addi-
tional healthcare resource utilisation (HCRU) due to the development 
of comorbidities including diabetes, cardiorespiratory conditions, 
and adverse effects on pregnancy. Prevalence of levels of obesity 
(Class I BMI 30-34.9kg/m2, Class II BMI 35-39.9kg/m2, Class III 
BMI>40kg/m2) are linked to local social deprivation/age/sex. Weight 
reduction can improve quality of life and life expectancy. The provi-
sion of specialist weight reduction services (individualized interven-
tions such as surgery, pharmacotherapy, supervised dietary programs, 
and psychology) varies considerably across localities. Patient access 
to these specialist services is also variable across localities, a better 
understanding of the local need in key subgroups of patients with 
levels of obesity and the potential HCRU reduction benefits of weight 
reduction will support more equitable provision.
Materials and methods: 42 Integrated Care Boards (ICB) are the 
local commissioners for the main health services in England includ-
ing specialist obesity services. BMI prevalence by obesity class for 
age group, and sex, were taken from the 2019 Health Survey for Eng-
land and applied to the ICB demographics. An adjustment was made 
for local social deprivation using the Index of Multiple Deprivation 
(IMD). Published HCRU odds ratios for the uplift by age, sex, and 
obesity class were applied to provide a more detailed breakdown. 
From these baseline costs, the economic advantage of a sustainable 
(3-year) move between obesity classes was modelled in age, sex, and 
BMI classes for the various service options. including suggested suc-
cess rates for improving BMI level by at least one class.
Results: From a total population of 51.2 million age>16 years, 
3.3% (1.67 million) had BMI Class III (males 2.1%; females 4.3%). 
In those aged 16-44 years, 3.4% or 0.85 million (males 2.2%; 
females 4.8%); ages 45-64 years, 5.0% or 0.56 million (males 2.2%; 
females 5.0%); age >65 years 0.25% or 0.26 million (males 2.2%; 
females 2.5%). The variation in expected prevalence with BMI 
Class III across the 42 ICB, is 2.5%-4.0%. Class I & Class II were 
13.9 million (27.2%). The difference in annual overall HCRU costs 
per person between those with Class III BMI and Class I & II BMI 
were estimated for 16-44 years (females £839 or €954; males £361 
or €410); 45-64 years (female £917 or €1042; male £849 or €965); 
age>65 years (female £2,342 or €2662; males £2,635 or €2995). 
If the mix of patients is appropriate, specialist services deliver 
outcomes as expected and 30% of the excess obesity HCRU costs 
were assumed to be releasable over a period of 3 years, this could 
equate to £450 (€521) saving in HCRU per patient treated.
Conclusion: A baseline HCRU model provides more informed com-
missioning of specialist obesity services across ICBs with an indica-
tion that these services can be more HCRU cost-effective for selected 
patient groups including a higher prevalence of younger women (age 
16-44 years) with Class III BMI, who also incur relatively higher 
HCRU with requirements and benefits in conception, pregnancy, and 
childbirth. This HCRU reduction can offset service provision costs 
when calculating their various incremental cost-effectiveness ratios 
(ICER).
Disclosure: M.R.B. Davies: None.

278
Age and sex as mediators of response to an online self-manage-
ment package (nutritional, behavioural and psychological) in type 
2 diabetes: the BEATdiabetes study
K. Hart1, S.  Carrod2, K. Bennett-Eastley3, P.  Grob4, J.  Harris1, A. 
 Heald5, M.  Stedman6, M.B.  Whyte1, D.  Cooke1;
1University of Surrey, Guildford, UK, 2North East Hampshire & 
Farnham CCG, Guildford, UK, 3Clinical & Experimental Medicine, 
University of Surrey, Guildford, UK, 4Commit 2 change, Guildford, 
UK, 5University of Manchester, Manchester, UK, 6ResConsortium, 
Andover, UK.

Background and aims: The management of type 2 diabetes (T2D) 
can be helped by lifestyle interventions. The efficacy of combined 
online interventions incorporating psychological, behavioural, and 
nutritional elements for T2D remains unclear. We determined whether 
outcomes of such a program, differ by age or gender.
Materials and methods: BEATDiabetes was conducted in South-
east England as a National Health Service (NHS) test-bed initia-
tive. The program integrated three online interventions - ’Second 
Nature,’ ’Commit to Change,’ and ’SilverCloud’ - into existing dia-
betes pathways for T2D management, over six-months. Participants 
could select ≥1 intervention and determine own level of engage-
ment. The program’s online resources offered self-management 
tools and peer support. Age and gender distribution were compared 
to National Diabetes Audit (NDA) data. HbA1c was categorised 
as at target (HbA1c<48 mmol/mol), medium (48-58 mmol/mol) or 
high (>58 mmol/mol). BMI categorised by World Health Organi-
sation (WHO) criteria. Systolic BP was considered on an ordinal 
scale over 90 mmHg, with 10mmHg increments (e.g. 90-99 mmHg; 
100-109 mmHg). Movement between categories was observed from 
baseline (T1) to follow-up (T2). Outcomes were compared to con-
temporary data from the Salford Integrated Record (Manchester, 
UK) diabetes cohort, matched 1:1 by age, sex, ethnic group and 
BMI category, who did not receive access to the programme.
Results: BEAT diabetes participants (BD) n=625. T2 median 217 
days (interquartile range [IQR] 158 - 328) for BD and 241 days 
(IQR 187 - 328) controls. Age and sex compared to NDA data (Fig-
ure 1) show BD participants were younger. Although a male major-
ity; females had greater representation in the younger population in 
BD. More people in BD improved HbA1c category than controls: 
age < 50 years (12% greater improvement); 51-70 years (15%) and 
>70 years (14%). Overall, 16% of females in BD improved HbA1c 
category, as did 14% males. At T1, 90% of BD cohort and 86% of 
controls had BMI >25 kg/m2. By T2, in BD, n=121 (21%) reduced 
BMI class and n=24 (4%) increased BMI class compared to 10% 
reduced and 7% increased in controls (P<0.001). Difference in BMI 
category improvements (BD vs controls) was greater in males (abso-
lute difference of 14%), than females (7%). At baseline, 70% of all 
participants had systolic BP <140 mmHg. Similar proportions of 
both groups decreased BP category (BD:37%, controls: 34%).
Conclusion: Combined online nutritional, psychological and behav-
ioural intervention was more effective for HbA2c reduction in adults 
with T2D than usual care. We observed similar benefits in HbA1c 
across ages and sex, but males had greater weight loss. Online support 
can be offered, irrespective of age.
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Supported by: NHS Test Bed grant
Disclosure: K. Hart: Grants; NHS Test Bed.
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AMD Annals: an initiative for the continuous quality improve-
ment of diabetes care
G. Russo1, P. Di  Bartolo2, G. Di  Cianni3, R.  Candido4, G.  Lucisano5, 
V.  Manicardi6, A.  Nicolucci5, A.  Rocca7, M.  Rossi5, AMD Annals 
Study Group;
1University of Messina, Messina, Italy, 2Ravenna Diabetes Center - 
Romagna Local Health Authority, Ravenna, Italy, 3Livorno Hospital, 
Livorno, Italy, 4ASUGI, Trieste, Italy, 5Center for Outcomes Research 
and Clinical Epidemiology, Pescara, Italy, 6AMD Foundation, Reg-
gio Emilia, Italy, 7"G. Segalini" H. Bassini Cinisello Balsamo ASST 
Nord, Milan, Italy.

Background and aims: Diabetes management is complex and extends 
beyond glycemic control. There is a significant gap between guidelines 
and actual diabetes care, that needs to be filled in order to contrast 
clinical inertia. In Italy, since 2004, the scientific society of clinical 
diabetologists (AMD) promoted an initiative of continuous monitoring 
of the quality of diabetes care (AMD Annals), that has proved to be 
effective in improving process and outcome measures and treatment 
appropriateness through a periodic assessment of standardized meas-
ures overtime. Here we show the latest 2022 AMD Annals data results.
Materials and methods: A network of diabetes centers periodically 
extracts anonymous data from electronic clinical records, by shar-
ing the same electronic medical records system and a standardized 
software for the extraction of data. Treatment and intermediate out-
come indicators were assessed. Furthermore, a validated composite 
indicator of overall care (Q score), which correlates with the 3-year 
risk of incident cardiovascular events (80% excess risk if score <15, 
compared to scores> 25), was evaluated.
Results: In 2022, 295 centers provided an annual sample of 502,747 
patients with type 2 diabetes (T2D). A HbAc1 target ≤7.0% was 
documented in 54.6% of the patients, a blood pressure target <130/80 
mmHg in 23.0%, and LDL-cholesterol levels <70 mg/dl in 34.3%. 
Although all these measures improved with respect to previous data 
collection, only 5.2% of the patients were at target for all these out-
comes. Significant improvements were also recorded for several 
standardized process and appropriateness measures (data not shown). 
Overall, 72.6% of patients were treated with metformin, 29.0% with 
SGLT2-i, 27.5% with GLP1-RA, 21.0% with DPP4i, 8.8% with secre-
tagogues, 3.9% with pioglitazone, and 32.3% with insulin. Among 

patients with established cardiovascular disease, 59.7% were treated 
with either a SGLT2-i or a GLP1-RA; among those with eGFR <60 
ml/min/1.73m2, 26.6% were treated with a SGLT2-i, while among 
patients with heart failure, 49.3% were treated with a SGLT2-i. A 
progressive improvement was also registered in the Q-score, with 
only 3.2% of T2D patients showing a Q score <15.
Conclusion: Since 2004, the AMD Annals Initiative has constantly 
monitored diabetes quality of care in 1/3 of diabetes clinics in Italy, 
thus representing one of the largest clinical data collections on diabe-
tes. This initiative has witnessed the slow but constant improvement 
of diabetes care overtime, showing trajectories and principal areas for 
future interventions in order to overcome clinical inertia. The 2022 
AMD Annals data show an increasing use of new antihyperglycemic 
drugs, and a continuous improvement of overall quality of care. How-
ever, additional efforts are needed to increase the adherence to more 
stringent recommended targets relative to cardiovascular risk factors 
and metabolic control.
Supported by: AMD Scientific Society
Disclosure: G. Russo: Lecture/other fees; Sanofi, Novo Nordisk, 
Boehringer Ingelheim, Eli-Lilly, AstraZeneca.
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Temporal trends in the achievement of treatment targets among 
men and women with type 1 and type 2 diabetes in Sweden
S. Karayiannides1,2, S.-B.  Catrina3,2, N. Rajamand-Ekberg3,2;
1Department of Clinical Sciences, Karolinska Institutet, Danderyd 
Hospital, Stockholm, Sweden, 2Center for Diabetes, Academic Spe-
cialist Center, Stockholm, Sweden, 3Department for Molecular Medi-
cine and Surgery, Karolinska Institutet, Stockholm, Sweden.

Background and aims: The sex-specific advantage for women in car-
diovascular prognosis is lost in women with diabetes. Previous studies 
have suggested that women with type 2 diabetes have worse control 
over traditional risk factors compared to men. Our aim was to analyse 
the extent to which treatment targets for HbA1c, blood pressure and 
lipids were achieved in a nationwide population of men and women 
with type 1 and type 2 diabetes in Sweden from 2017 to 2022.
Materials and methods: In this study, we utilized publicly avail-
able data from the Swedish National Diabetes Register (NDR), which 
contains information on over 500,000 patients with diabetes and has 
an ascertainment of >95% for type 1 diabetes and >90% for type 2 
diabetes. We collected data on the percentage of men and women 
with type 1 and type 2 diabetes who achieved the guideline-recom-
mended treatment targets for HbA1c (<52 mmol/mol), blood pressure 
(<130/80) and lipids (LDL<2.5 mmol/L). For lipids, we specifically 
chose to compare men and women over 40 years of age, as statins are 
contraindicated for women of childbearing age.
Results: In 2022, in the type 1 diabetes population, 34.4% of men 
achieved the glycaemic target of HbA1c<52 mmol/mol, compared to 
33.8% of women. In the type 2 diabetes population, the figures were 
57.6% for men and 60.9% for women. The blood pressure treatment 
target was achieved by 35% of men and 45.3% of women with type 1 
diabetes, and by 27% of men and 27.8% of women with type 2 dia-
betes. The lipid treatment target was achieved by 69.3% of men and 
65.8% of women with type 1 diabetes and 70.9% of men and 61.1% 
of women with type 2 diabetes. Between 2017-2022, there was an 
improvement in achievement of all treatment targets in both sexes, 
regardless of the type of diabetes, except for the blood pressure target 
in type 1 diabetes (Figure).
Conclusion: We have identified differences in the quality of diabetes 
care between men and women in Sweden. However, we did not observe 
a general undertreatment of women across all risk factors as previously 
reported. In recent years, both sexes have reached treatment targets to 
a larger extent, although some inequalities persist. While both men 
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and women over time reached treatment targets for HbA1c at a similar 
proportion in type 1 diabetes, women continuously achieved better 
glycaemic control in type 2 diabetes. Blood pressure targets but not 
lipid targets were reached in a higher proportion in women both in type 
1 and type 2 diabetes. Our findings partly contradict previous studies 
that demonstrated a general undertreatment of women compared to 
men. The treatment of lipids in women and blood pressure in men with 
diabetes requires more attention.

Disclosure: S. Karayiannides: None.

OP 50 Fatty liver, faulty liver
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Mildly elevated liver fat content is characterised by central insu-
lin resistance: evidence from a positron emission tomography 
study
M.-J. Honka1,2, N.  Tuomola1,3, M.  Bucci1,4, H.  Immonen3, V. 
 Saunavaara1,5, S.  Laine1, T. Sjöros1, T.  Garthwaite1, K.A.  Virtanen1, 
J.C.  Hannukainen1, K.K.  Kalliokoski1, I.H.A.  Heinonen1, E. 
 Rebelos1,6, P.  Nuutila1,3;
1Turku PET Centre, University of Turku and Turku University Hospi-
tal, Turku, Finland, 2Division of Information Science, Nara Institute of 
Science and Technology, Ikoma, Nara, Japan, 3Department of Endo-
crinology, Turku University Hospital, Turku, Finland, 4Division of 
Clinical Geriatrics, Department of Neurobiology, Karolinska Institutet, 
Stockholm, Sweden, 5Division of Medical Imaging, Department of 
Medical Physics, Turku University Hospital, Turku, Finland, 6Institute 
of Clinical Physiology, National Research Council (CNR), Pisa, Italy.

Background and aims: Liver fat content ≤1.85% was recently pro-
posed as a cut-off for normal liver fat based on a large cohort of lean 
non-Asian Indian individuals. In the same study, persons having fat 
content between 1.86% and the currently used upper limit of normal 
liver fat content 5.56% had lower insulin sensitivity when compared 
to persons with ≤1.85% of liver fat as measured using indirect indi-
ces. We aimed to build upon these findings by evaluating possible 
differences in tissue-specific insulin sensitivity between groups of 
individuals without diabetes having low (≤1.85%, LF) or mildly 
elevated (>1.85% and ≤5.56%, MEF) liver fat content.
Materials and methods: 139 Caucasian individuals (LF, n = 72; 
MEF, n = 67) without diabetes from the CMgene metabolic positron 
emission tomography (PET) study cohort were included in this study. 
The participants had measurement of liver fat content with magnetic 
resonance spectroscopy and M-value, endogenous glucose production 
(EGP), and glucose uptake (GU) in the brain, liver, skeletal muscle, 
visceral (VAT) or subcutaneous adipose tissue (SAT) using hyperin-
sulinaemic-euglycaemic clamp, PET, and  [18F]fluorodeoxyglucose.
Results: When accounting for differences in BMI, age, and sex 
between the studied groups, MEF group had higher brain GU and 
EGP and lower VAT GU (P < 0.05) during euglycaemic hyperinsu-
linaemia, whereas no significant differences were present in liver, 
skeletal muscle, or SAT GU when compared to the LF group. A 
trend for lower M-value was observed in the MEF group (P = 0.063).
Conclusion: Several organs present insulin resistance in individuals 
having liver fat between 1.86-5.56% when compared to the persons 
with liver fat of 1.85% or less giving support for using the newly 
suggested 1.85% as the upper limit for normal liver fat content in 
Caucasians. In addition, the data indicate, that enhanced brain GU, 
enhanced EGP and VAT insulin resistance are early features in the 
cascade of systemic insulin resistance.
Clinical Trial Registration Number: NCT03310502
Supported by: Academy of Finland; Finnish Diabetes Research Foun-
dation; Jalmari and Rauha Ahokas Foundation; Finnish-Norwegian 
Medical Foundation
Disclosure: M. Honka: None.
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Elucidation of hepatic insulin resistance by species-specific analy-
sis of diacylglycerols
M. Piribauer1,2, S.  Trenkamp1,2, B.-F.  Belgardt2,3, M.  Rieck2,3, H. 
Al-Hasani2,4, M.  Roden1,2, G.  Heilmann1,2;
1Institute for Clinical Diabetology, German Diabetes Center (DDZ), 
Leibniz Center for Diabetes Research at Heinrich Heine University, Düs-
seldorf, Germany, 2German Center for Diabetes Research (DZD e.V.), 
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München-Neuherberg, Germany, 3Institute for Vascular and Islet Cell 
Biology, German Diabetes Center (DDZ), Leibniz Center for Diabetes 
Research at Heinrich Heine University, Düsseldorf, Germany, Düsseldorf, 
Germany, 4Institute for Clinical Biochemistry and Pathobiochemistry, 
German Diabetes Center (DDZ), Leibniz Center for Diabetes Research at 
Heinrich Heine University, Düsseldorf, Germany, Düsseldorf, Germany.

Background and aims: Saturated fat-enriched Western-style diet favors 
hepatic lipid accumulation associated with the development of hepatic 
insulin resistance, which may be prevented by an unsaturated fat-enriched 
Mediterranean diet. Bioactive lipid species such as sn-1,2-diacylglycerols 
(DAG) inhibit insulin signaling by interacting with the novel protein 
kinase c epsilon (nPKCε) thereby increasing hepatic insulin resistance. 
However, the impact of the saturation degree and chain length of DAGs 
on PKCε interaction remains unclear. Consequently, we investigated 
which DAG species mainly interact with PKCε and whether other pro-
teins may influence the DAG-PKCε-Insulin receptor (InsR) axis.
Materials and methods: HepG2 cell cultures (wild-type and PKCε-
knock out (KO), generated by CrispR/Cas9) were treated with dif-
ferent fatty acid (FA) mixtures conjugated with albumin to facilitate 
cellular uptake. Cell viability, triacylglycerol content and hepatic gly-
cogen were measured by biochemical assays. Hepatic insulin signal-
ing was assessed by analyzing the expression of phosphorylated InsR 
(pInsR), protein kinase B (pAKT), glycogen synthase kinase-3 alpha/
beta (pGSK3α/β) using Western Blot. Lipid analysis of treated cells 
was performed by liquid chromatography-tandem mass spectrometry 
(LC-MS/MS) to investigate DAG and ceramide (CER) content.
Results: Treatment of HepG2 cells with either saturated or unsaturated FA 
mixtures increased total DAG but not total CER content and led to different 
DAG and CER profiles. Addition of palmitate or a palmitate/oleate (70%/30%) 
mixture simulating a Western-style diet increased DAG di-16:0 (p=0.001, 
p=0.035; two-way ANOVA) and DAG 16:0 18:1 (p=0.002, p<0.001; two-way 
ANOVA), while addition of oleate alone increased DAG di-18:1 (p<0.001; two-
way ANOVA). Palmitate increased triacylglycerol content without effecting cell 
viability and induced insulin resistance as indicated by the decrease of pAKT-
T308/S473 levels (p=0.013/p=0.015, paired t-test) and decreased glycogen 
concentration (p=0.016, paired t-test). In contrast, oleate increased pAKT-T308 
(p=0.041; paired t-test). The palmitate-induced effects on pAKT-T308 and gly-
cogen concentration were ameliorated in PKCε-KO HepG2 cells.
Conclusion: These findings link specific DAG species rather than 
the total DAG amount to hepatic insulin resistance. Importantly, the 
partial rescue by PKCε-KO of palmitate-induced insulin resistance 
underlines the relevance of nPKCs, but also suggests the operation of 
other mechanisms contributing to lipid-induced hepatic insulin resist-
ance, which will be studied next using lipid-protein-interactomics.
Disclosure: M. Piribauer: None.
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Impact of 4-week carbohydrate overfeeding on postprandial 
nutrient metabolism in low birth weight versus normal birth-
weight men
L.M. Engelhard1,2, L.O. Elingaard-Larsen1, L.  Justesen1, T.  Hansen3, 
G.V.  Hall4,5, A.  Vaag1,2, C. Brøns1;
1Steno Diabetes Center Copenhagen, Herlev, Denmark, 2Lund Uni-
versity Diabetes Centre, Malmö, Sweden, 3Novo Nordisk Founda-
tion Center for Basic Metabolic Research, University of Copenha-
gen, Copenhagen, Denmark, 4Clinical Biochemistry, Rigshospitalet, 
Copenhagen, Denmark, 5Biomedical Science, University of Copen-
hagen, Copenhagen, Denmark.

Background and aims: Individuals born with low birth weight (LBW) 
are at increased risk of developing type 2 diabetes (T2D) and associ-
ated dysmetabolic traits, particularly when living in an affluent society. 

We hypothesized that carbohydrate overfeeding (COF) would unmask 
early dysmetabolic traits of key T2D disease mechanisms, including 
postprandial hyperglycaemia and dyslipidaemia in LBW individuals. We 
investigated substrate kinetics and energy metabolism during a meal-
test in LBW men with (w/) and without (w/o) non-alcoholic fatty liver 
disease (NAFLD) compared with normal birth weight (NBW) controls 
before and after COF.
Materials and methods: Twenty-two non-obese, early middle-aged 
LBW men (BW 2797±175 g) and 21 age- and BMI-matched NBW 
controls (BW 3807±176 g) were included. Five LBW men had screen 
detected NAFLD by magnetic resonance spectroscopy, why three-
group analysis was performed. At baseline and after 4-week COF 
(+25% energy), glucose and glycerol kinetics were assessed by stable 
isotope tracers, and whole-body energy expenditure and substrate 
oxidation rates were determined by indirect calorimetry during a 
5-hour mixed meal-test. Data were analysed using a linear mixed 
effect (LME) model and area under the meal-test curve (AUC).
Results: No differences in substrate kinetics or oxidation rates were 
found between the LBW and NBW subjects. However, three-group com-
parison showed differences in baseline glucose turnover rates during the 
meal-test (rate of appearance (Ra)  PLME=0.024, rate of disappearance 
(Rd)  PLME=0.017) with LBW subjects w/ NAFLD having the lowest and 
w/o NAFLD having the highest rates. This was mainly driven by dif-
ferences in oral glucose  (PLME=0.059) and not endogenous glucose Ra 
 (PLME=0.34). After COF, differences in glucose turnover rates dimin-
ished between groups, except from LBW subjects w/ NAFLD exhibit-
ing a further 9.7% decrease in oral glucose Ra  (PAUC =0.05). Baseline 
plasma C-peptide and insulin levels differed among groups during the 
meal-test  (PLME<0.001,  PLME=0.057), with two-fold higher levels in 
LBW subjects w/ NAFLD compared to both other groups  (PAUC <0.05). 
These differences diminished after COF. Plasma glycerol levels dif-
fered among groups  (PLME=0.02), with LBW subjects w/o NAFLD hav-
ing the lowest levels. After COF, LBW subjects w/ NAFLD tended to 
increase glycerol levels by 14.9%  (PAUC =0.098), while LBW subjects 
w/o NAFLD further decreased glycerol levels by 10.4%  (PAUC =0.02) 
as well as glycerol Ra by 16.9%  (PAUC =0.02).
Conclusion: A trend for low glucose turnover in LBW subjects w/ 
NAFLD was mainly explained by reduced oral glucose Ra, which fur-
ther decreased after COF, possibly due to increased hepatic oral glu-
cose retention and lower glucose Rd reflecting adipose tissue and skel-
etal muscle insulin resistance. Elevated lipolysis in face of increased 
insulin levels, both before and after COF, further supports adipose 
tissue insulin resistance in LBW subjects w/ NAFLD. Our data support 
that increased hepatic lipid storage along with adipose tissue insulin 
resistance are important drivers of the increased risk of developing 
T2D in LBW subjects.
Clinical Trial Registration Number: NCT02982408
Supported by: NNF, EFSD/Boehringer Ingelheim European Research 
Programme, Trygfonden, Augustinus Fonden and Aase and Ejnar 
Danielsens Fond
Disclosure: L.M. Engelhard: None.
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Genome-wide CRISPR screening to identify regulators of hepatic 
insulin signalling
E. Martin Perez1,2, A.  Veprik2, F.  Klimm2, A.  Epanchintsev2, A. 
 Chandran2, B.  Gilboa2, G.D.  Ettridge2, P.  Wu2, C.A. Prada  Medina2, 
A.  Agrawal2, R.  Kitchen2, C. Ämmälä2, R.W.  Klemm1, M.A.  Ruby2;
1University of Oxford, Oxford, UK, 2Novo Nordisk Research Centre 
Oxford, Oxford, UK.
Background and aims: Insulin rapidly represses hepatic glucose pro-
duction upon feeding. While insulin signals through canonical phos-
phorylation cascades, the complete set of genes regulating hepatic 
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insulin action is unknown. We developed a genome wide CRISPR 
screen using fluorescence activated nuclei sorting (FANS) to identify 
novel regulators of hepatic insulin signalling.
Materials and methods: We introduced three genetic modifications 
in HepG2 cells to facilitate a pooled genome wide CRISPR screen. 
Firstly, the IGF1 receptor (IGF1R), which is aberrantly expressed 
in HepG2 cells, was deleted to restore insulin sensitivity. Secondly, 
CAS9 was stably transduced to allow genome editing. Thirdly, a 
Forkhead Box Protein O1 (FoxO1)-CLOVER reporter, which is 
exported from the nucleus upon phosphorylation by Akt1/2, was sta-
bly transduced as a readout of insulin signalling. To separate nuclei 
based on FoxO1-CLOVER content we developed a fluorescence acti-
vated nuclei sorting (FANS) protocol.
Results:  IGF1R--FOXO1-CLOVER+-Cas9+-HepG2 cells were trans-
duced with a genome-wide gRNA library. Infected cells were treated 
with insulin and isolated nuclei subjected to FANS based on FoxO1-
CLOVER fluorescence. The top (FoxO1-CLOVERHigh) and bottom 
(FoxO1-CLOVERLow) 10% of the distribution were collected and 
sequenced for guide representation. As expected, guides targeting the 
insulin receptor were enriched in the FoxO1-CLOVERHigh popula-
tion while guides targeting PTEN, a known inhibitor of PI3K-AKT 
signalling, were overrepresented in the FoxO1-CLOVERLow nuclei.
Conclusion: In summary, we have established a novel assay to iden-
tify genes regulating insulin-induced FoxO1 nuclear export. This pro-
vides a resource for unbiased identification of targets for the treatment 
of diseases associated with altered insulin signalling, such as type 2 
diabetes.
Disclosure: E. Martin Perez: None.

OP 51 "With a little help from my friends": 
therapies and combinations

285
Efficacy of initial triple combination therapy with metformin, 
dapagliflozin and saxagliptin in drug-naïve patients with type 
2 diabetes: a randomised controlled trial
N. Kim1, J.  Kim2, J.  Moon3, Y.-H.  Lee4, T.  Kim5, H.  Cho6, S. 
 Kwak7, S.  Lim8, D.  Kim9, M.  Moon10, S.  Kim11;
1Internal Medicine, Korea University College of Medicine, Seoul, 
Republic of Korea, 2Samsung Medical Center, Sungkyunkwan Uni-
versity School of Medicine, Seoul, Republic of Korea, 3Yeungnam 
University College of Medicine, Daegu, Republic of Korea, 4Yonsei 
University College of Medicine, Seoul, Republic of Korea, 5Seoul Medi-
cal Center, Seoul, Republic of Korea, 6Keimyung University School 
of Medicine, Deagu, Republic of Korea, 7Seoul National University 
Hospital, Seoul, Republic of Korea, 8Seoul National University Bundang 
Hospital, Seongnam, Republic of Korea, 9Konkuk University College 
of Medicine, Seoul, Republic of Korea, 10Seoul National University 
Bundang Hospital, Seoul, Republic of Korea, 11Korea University Col-
lege of Medicine, Seoul, Republic of Korea.

Background and aims: Early combination therapy is recom-
mended in type 2 diabetes (T2D) patients with inadequately con-
trolled hyperglycemia to avoid treatment failure and clinical iner-
tia. This study aimed to evaluate the efficacy and tolerability of 
an initial triple combination with metformin, dapagliflozin and 
saxagliptin compared with conventional stepwise add-on therapy 
in drug-naïve patients with T2D.
Materials and methods: This multicenter, randomized, 104-week, open-label 
trial was conducted at 9 medical centers in South Korea. Eligible patients were 
aged ≥18 years, inadequately controlled (HbA1c ≥ 8.0% to <11.0%), drug-
naïve patients with recent-onset T2D. Eligible participants were randomly 
assigned (1:1) to triple combination therapy (TCT, 1000mg of metformin, 
10mg of dapagliflozin and 5mg of saxagliptin once daily) or conventional 
stepwise therapy (CST) group. CST was started with metformin followed by 
glimepiride, and sitagliptin sequentially. The primary outcome was the propor-
tion of patients who achieved HbA1c <6.5% without hypoglycemia, weight 
gain ≥5% and discontinuation due to adverse events at week 104.
Results: A total of 105 eligible participants were randomly assigned 
to either TCT or CST groups. 89.6% of participants completed the 
study and treatment. The primary outcome was achieved in 42.5% of 
the TCT group and 17.5% of the CST group (p=0.015). The propor-
tion of achieving HbA1c <6.5% at week 104 was 50.0% of the TCT 
group and 45.0% of the CST group. Hypoglycemia, weight gain >5%, 
or discontinuation due to adverse events occurred in 14.9% of the 
TCT group, and 59.2% of the CST group.
Conclusion: Initial combination therapy with metformin, dapagliflo-
zin and saxagliptin effectively lowered HbA1c with higher tolerability 
compared with conventional stepwise treatment in recent-onset T2D.
Clinical Trial Registration Number: NCT02946632
Supported by: AstraZeneca Korea Ltd.
Disclosure: N. Kim: Grants; AstraZeneca Korea Ltd. (ESR-15-11420).
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Effect of orforglipron versus placebo and dulaglutide on gly-
caemic control and body weight in patients with type 2 diabetes
K.J. Mather1, J.P.  Frias2, S.  Hsia3, S.  Eyde4, R.  Liu1, X.  Ma1, M. 
 Konig1, C.  Kazda1, E.  Pratt1, A.  Haupt1, D.  Robins1;
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Research, Los Angeles, CA, USA, 3Velocity Clinical Research, Hun-
tington Park, CA, USA, 4Tigermed-BDM Inc., Somerset, NJ, USA.

Background and aims: Orforglipron [OFG (LY3502970)] is an oral, 
non-peptide, glucagon-like peptide-1 receptor agonist (GLP-1 RA). 
This study aimed to examine the efficacy and safety of OFG compared 
with placebo or dulaglutide 1.5 mg weekly (QW) in patients with 
type 2 diabetes (T2D).
Materials and methods: This 26-week, randomized, double-blind, 
double placebo, phase 2 study enrolled 383 patients with T2D 
treated with diet, exercise, ± metformin. At baseline, mean age was 
58.9 years, HbA1c was 64.8 mmol/mol (8.1%), and body weight 
(BW) was 100.3 kg. Patients were randomly assigned to OFG 3, 
12, 24, 36, or 45 mg once daily, placebo (PBO), or dulaglutide 1.5 
mg (dula) QW. Different initial OFG doses and dose escalation 
schemes were evaluated. The primary endpoint was change from 
baseline (CFB) in HbA1c at week 26 for OFG vs PBO. Second-
ary endpoints included CFB in HbA1c vs dula, percentage of par-
ticipants who achieved a HbA1c ≤6.5% and <7%, CFB in fasting 
serum glucose (FSG), BW, safety, and tolerability.
Results: OFG resulted in improvements in glycemic control and 
BW (table). At week 26, HbA1c reduction with OFG ranged from 
13.0 to 22.9 mmol/mol (1.19% to 2.10%) vs PBO 4.7 mmol/mol 
(0.43%) (P<0.001, all doses vs PBO). OFG was superior to dula 
with HbA1c reduction of up to 10.9 mmol/mol (1.0%) (p<0.001 
for 12, 24, 36 mg, 45 mg). The reduction in FSG at week 26 ranged 
from 1.81 to 3.10 mmol/L vs PBO 0.62 mmol/L (P<0.001, all doses 
vs PB0). At 26 weeks, 65% to 96% of study participants on OFG 
achieved a HbA1c < 53 mmol/mol (7%) compared with 64% on 
dula, and 24% on PBO. An HbA1c ≤ 48 mmol/mol (6.5%) was 
achieved in 45% to 84% of study participants on any dose of OFG, 
41% on dula, versus 15% on PBO. Reductions in mean bodyweight 
from baseline to week 26 were up to 10.0 kg with OFG versus 
2.2 kg for placebo (p<0.001 for 12 mg, 24 mg, 36 mg, 45 mg vs 
placebo) and versus 4.0 kg with dulaglutide, (p=0.016 for 12 mg; 
p<0.001 for 24 mg, 36 mg, 45 mg vs. dula). The most frequently 
reported adverse events (AE) were gastrointestinal AEs (OFG up 
to 60%, PBO 18%, dula 34%) and mild to moderate severity. The 
gastrointestinal AEs occurred most frequently with drug initiation 
and dose escalation.
Conclusion: OFG led to clinically significant reductions in HbA1c, 
FSG, and BW with an AE profile consistent with other GLP-1RAs. 
OFG does not have food or water administration restrictions and 
may provide a safe, effective, and convenient oral treatment option 
for patients with T2D. The results of this study warrant a continued 
evaluation of safety and efficacy with OFG.

Clinical Trial Registration Number: NCT05048719, EudraCT 
2021-002806-29
Supported by: Eli Lilly and Company
Disclosure: K.J. Mather: Employment/Consultancy; Eli Lilly and 
Company. Stock/Shareholding; Eli Lilly and Company.

288
The gut hormone GIP contributes to the postprandial gastroin-
testinal hyperaemia in humans
L.S. Gasbjerg1, R.S.  Rasmussen1, L.S.  Langberg1, F. Østergaard1, 
M.B.  Vestergaard2, A.  Asmar3, B.  Hartmann1, J.J.  Holst1, B. 
 Haddock2, H.B.W.  Larsson2, U.B.  Andersen2, M.M.  Rosenkilde1;
1University of Copenhagen, Copenhagen N, Denmark, 2Rigshospita-
let-Glostrup, Glostrup, Denmark, 3Bispebjerg Hospital, Copenhagen 
NV, Denmark.

Background and aims: During eating, blood supply to the digestive 
organs increases. The gut hormone glucose-dependent insulinotropic 
polypeptide (GIP) is suggested to play a role in this functional hyperae-
mia due to vasodilation in the superior mesenteric artery (SMA) accom-
panied by increased heart rate and reduced blood pressure. Using flow 
sensitive magnetic resonance imaging (MRI), we studied the effect of 
exogenous and endogenous GIP on gastrointestinal blood flow.
Materials and methods: Ten healthy men (age 21-46 years, BMI 20-26 
kg/m2) participated in five randomised MRI scanning experiments (supine 
position) on separate days: Oral glucose tolerance test (OGTT) + saline 
infusion, OGTT + GIP receptor antagonist infusion (GIPR-An) (GIP(3-
30)NH2 1,000 pmol/kg/min), oral water + GIPR-An, oral water + saline 
infusion, and oral water + GIP subcutaneous injection (40 nmol). Blood 
flow was measured repeatedly with phase contrast MRI. Plasma glucose 
(PG), C-peptide, and heart rate were measured repeatedly.
Results: Blood flow in the SMA and portal vein were stable during 
water+saline (631±281 and 1,244±35 ml/min, mean±SEM) and 
water+GIPR-An (746±73 and 1,113±33 ml/min). Baseline divided 
maximum flow during water+GIP was 149±12% and for OGTT+saline 
206±18%. OGTT+GIPR-An resulted in a 47±18% decrease in incre-
mental area under the blood flow curve (iAUC) of SMA compared 
to OGTT+saline (p = 0.041) (Fig. 1). Also, flow in the portal vein 
was stimulated by water+GIP and OGTT+saline (135±6.6% and 
177±13%), and OGTT+GIPR-An resulted in a 39±13% lower blood 
flow than OGTT+saline (p = 0.013). Blood flow in the hepatic artery 
and coeliac trunc, and heart rate were unchanged. PG levels were sta-
ble during water+saline, water+GIPR-An, and water+GIP (4.9±0.067, 
5.2±0.18 and 4.7±0.072 mmol/l), whereas OGTT+GIPR-An resulted 
in higher PG levels than OGTT+saline (282±20 vs. 230±25 mmol/l × 
min, iAUC, p = 0.0051) and lower C-peptide/glucose ratios (3.3±0.73 
vs. 5.5±1.1 pmol/mmol × min, iAUC, p = 0.021).
Conclusion: As confirmed by MRI, both endogenous and exogenous 
GIP increase gastrointestinal blood flow demonstrating that GIP con-
tributes to postprandial hyperaemia. The consequences of GIP recep-
tor targeting treatments remain to be proven.

Clinical Trial Registration Number: NCT05391581
Supported by: EFSD/Lilly YI Research Award, EFSD Rising Star 
Fellowship Programme
Disclosure: L.S. Gasbjerg: Other; Antag Therapeutics (co-founder).
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Clinical benefit vs risk of diabetic retinopathy progression with 
semaglutide: watch the eyes
M. Jose, L. Varadhan;
University Hospitals of North Midlands NHS Trust, Stoke on Trent, 
UK.

Background and aims: Rapid reduction in HbA1c can lead to wors-
ening of diabetic retinopathy (DR), as established in pregnancy, insu-
lin initiation and pump therapy. The aim of our study was to assess 
the changes to DR status with semaglutide use in routine clinical 
practice for patients with type 2 diabetes mellitus (T2DM)
Materials and methods: Patients with T2DM initiated on sema-
glutide and continuing treatment beyond 6 months were included. 
Data on DR based on grade of retinopathy (R1-R3), maculopathy, 
use of laser and anti-VEGF was acquired from the autonomously-run, 
national retinal screening programme. DR status, prior to initiation of 
semaglutide and next available DR (at least 3 months beyond initia-
tion) was collected. HbA1c data at point of initiation and follow up 
(FU) (approximately 3-12 months), were collated.
Results: Of the 126 patients treated with semaglutide, 93 were 
included in the analysis, based on availability of complete data and 
continuous use. Mean duration of diabetes was 14.4 years (2-37). At 
baseline, 56 had no DR and 37 had pre-existent DR. Of the 37, 15 
had maculopathy. Seven patients had previous or on-going laser treat-
ment and a further two were on anti-VEGF treatment. Mean HbA1c at 
initiation was 76 mmol/mol (13-126) and at follow-up was 64 mmol/
mol (25-143). The mean duration at which this follow up HbA1c was 
done was 164 days. DR status progressed in 15 patients during follow 
up (done at mean 306 days after initiation); nine patients had new 
development of DR and all had background retinopathy. Six patients 
had progression of pre-existing DR: one patient developed new macu-
lopathy which needed active surveillance, three with proliferative 
retinopathy required laser or anti-VEGF treatment. These three cases 
had active diabetic retinopathy even at initiation of semaglutide war-
ranting ongoing treatment. The mean reduction in HbA1c achieved 
was significantly greater in patients with progression of DR (n=15, 
29.4 ± 21.6 vs 16.7 ± 12.3mmol/mol, p<0.007). The baseline HbA1c 
was significantly higher in patients with DR progression (89.5 ± 20.0 
vs 72.9 ± 17.9 mmol/mol, p<0.002). The diabetes duration (13.4 vs 
14.6 years) and proportion of patients on insulin (67% vs 45%) were 
comparable between the groups. 73 had no change in DR (47 had no 
DR at baseline or FU, 26 had stable DR) and 5 had improvement in 
DR during this follow up
Conclusion: This study once again demonstrates that semaglutide 
treatment can be associated with significant and rapid reduction in 
HbA1c, which in turn could increase risk of progression of DR. The 
risk is higher in patients with higher baseline HbA1c and greater 
reduction of HbA1c during on-going treatment. This is a retrospec-
tive clinical observational analysis and hence inherently involved 
accepting variations in routine clinical practice such as time between 
DR screening and HbA1c, disruption to DR screening programme 
during Covid pandemic and the limitations to monitoring risk fac-
tors. However, this study again adds to the evidence that rapid and 
significant improvement in HbA1c, use of semaglutide being one 
another instance of this occurring, can increase the risk of develop-
ment or progression of DR and processes to assess regular HbA1c 
and more frequent DR screening should be considered.
Disclosure: M. Jose: None.

290
Effects of semaglutide, empagliflozin or their combination on 
oxygenation, vascular autoregulation, and central thickness of 
the retina in persons with type 2 diabetes
P. Løgstrup;
Steno Diabetes Center Aarhus, Højbjerg, Denmark.

Background and aims: Semaglutide (glucagon-like peptide 1 recep-
tor agonist, GLP-1ra) and empagliflozin (sodium glucose-cotrans-
porter 2 inhibitor, SGLT-2i) have shown cardiovascular protection. 
In SUSTAIN-6, semaglutide was associated with an increased risk 
of diabetic retinopathy (DR). We investigated whether retinal oxy-
genation, retinal vascular autoregulation, and central retinal thickness 
(CRT) are altered by semaglutide, empagliflozin or the combination.
Materials and methods: This study was a prespecified, secondary 
outcome from a randomized, 32 weeks partly placebo-controlled, 
partly open-label, clinical trial on the effects of semaglutide, empagli-
flozin or the combination on arterial stiffness and kidney oxygenation. 
The trial included 120 participants with type 2 diabetes, established 
or high risk of cardiovascular disease and age ≥50 years. Participants 
were randomized into four parallel groups (semaglutide (open label), 
empagliflozin (double blinded), the combination (semaglutide open 
label plus empagliflozin or placebo double blinded) or tablet placebo 
(double blinded), n = 30 for each group). We primarily hypothesized 
that semaglutide would increase venular oxygenation.
Results: We found no changes in crude or adjusted analysis in retinal 
arteriolar, venular or venular-arteriolar oxygenation nor in retinal 
vessel diameter regardless of treatment group. Semaglutide increased 
CRT compared to placebo with ~1 % (3.8 μm 95%CI [0.9;6.7], 
p<0.009) with no changes in the empagliflozin or combination group.
Conclusion: Neither semaglutide, empagliflozin nor the combination 
alters markers of retinal function. The effect of semaglutide on CRT 
was minute and not of clinical significance.
Supported by: Novo Nordisk Foundation
Disclosure: P. Løgstrup: None.

291
Does glycaemic variability impact on the onset of sight threaten-
ing diabetic retinopathy in multi-ethnic cohort of people with 
type 1 diabetes?
A. Muthukumar1, T.  Mangelis1, S.  Ayis1, A.  Goubar1, S.  Thomas2, 
P.  Vas2, S.  Mann2, L.  Webster2, J.  Karalliedde1,2;
1King’s College London, London, UK, 2King’s Health Partners, Lon-
don, UK.

Background and aims: There is conflicting data on the impact of 
HbA1c variability on the onset and progression of diabetic retinopa-
thy in people with type 1 diabetes. Most studies have been in Cauca-
sian populations with limited data on the impact of HbA1c variability 
in multi-ethnic cohorts of people with type 1 diabetes. Our aim was to 
evaluate in an ethnically diverse cohort of people with type 1 diabetes 
(with no retinopathy) if HbA1c variability impacted on the onset of 
referable sight-threatening diabetic retinopathy.
Materials and methods: We studied 806 people (52% Female, 71% Cau-
casian, 18% Afro-Caribbean, 11% other) with type 1 diabetes with no 
retinopathy at baseline attending a publically funded surveillance diabetes 
eye screening service between 2004 and 2018 in South London. Referable 
sight-threatening diabetic retinopathy was defined as the presence of any 
moderate to severe non-proliferative or pre-proliferative diabetic retinopa-
thy or proliferative diabetic retinopathy or maculopathy in either eye as 
per U.K. National Diabetic Eye Screening criteria. Median follow up was 
6.5 years. Clinical and digital retinal imaging data were collected from 
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electronic health records. HbA1c variability was assessed by four distinct 
methods: 1. Standard deviation (SD) of HbA1c, 2. SD (HbA1c)/√n(n-1), 
where n is the number of visits for each person, 3. HBA1c-CV (coef-
ficient of variation) defined as SD (HbA1c)/0.1 x mean (HbA1c), or 4. 
SD(HbA1c)/mean (HbA1c). Each participant needed a minimum of 6 
HbA1c measures during follow up to be included in the study.
Results: The median age (Interquartile range-IQR) of the cohort was 31 
(20 - 41.7) years and median (IQR) duration of diabetes 2 (0 - 8) years. 
Mean (SD) HbA1c was 70.1 (18.5) mmol/mol and systolic blood pres-
sures (SBP) and diastolic blood pressure were 121.5 (11.4) and 72.5 (7.1) 
mmHg respectively. Of the cohort N = 150 (18.6%) developed sight-
threatening diabetic retinopathy over median follow up of 6 yrs. There 
was no significant increased risk of sight-threatening diabetic retinopathy 
with HbA1c variability estimated by all four methods outlined above. 
In multivariable analyses increased risk of sight-threatening diabetic 
retinopathy was associated with mean-HbA1C [Hazard Ratio (HR) and 
95% confidence intervals: 1.04 (1.03-1.05, p<0.001)], longer diabetes 
duration [HR 1.03 (1.01-1.04, p=0.004)], and higher SBP [HR 1.02 
(1.00-1.05, p=0.027)]. We did not observe an association of ethnicity 
with HbA1c variability.
Conclusion: In an ethnically diverse urban cohort of people with 
type 1 diabetes with no retinopathy at baseline HbA1c variability (as 
evaluated by four distinct methods) was not associated with onset of 
sight threatening diabetic retinopathy. Our data confirms that optimis-
ing long-term glycaemic control and SBP remains vital to prevent the 
onset of sight threatening diabetic retinopathy.
Disclosure: A. Muthukumar: None.

292
Blood glucose derived GMI and HbA1c have similar associations 
with retinopathy progression: further analysis of the Diabetes 
Control and Complications Trial (DCCT)
I.B. Hirsch1, Y.  Xu2, T.C.  Dunn2, Y.  Dabiri2, Y.  Ram2, R.  Ajjan3, 
R.M.  Bergenstal4;
1University of Washington Medical Center, Seattle, WA, USA, 
2Abbott Diabetes Care, Alameda, CA, USA, 3Leeds University, 
Leeds, UK, 4HealthPartners Institute, Minneapolis, MN, USA.

Background and aims: The DCCT established the clinical utility of 
HbA1c for diabetes management. In addition to HbA1c, the DCCT also 
captured a 7-point capillary blood glucose profile one day per quarter. 
Our aim was to compare the association of HbA1c and blood glucose 
derived GMI (GMI-BG) with retinopathy progression in the DCCT.

Materials and methods: We obtained 24,656 HbA1c and GMI-BG 
pairs from 1440 trial participants, typically a pair every 3 months. 
In this T1D cohort, 333 patients had progression of retinopathy indi-
cated by at least three steps on the ETDRS scale sustained for at least 
six months. The average GMI-BG and HbA1c were calculated sepa-
rately for each participant before the occurrence of any retinopathy 
progression. We evaluated the accuracy (combined true positive and 
true negative rates) of the two glycaemic markers at predicting eye 
complications at all levels of GMI-BG and HbA1c as well as at the 
routine clinical targets of 6.5% and 7% (48 and 53 mmol/mol).
Results: HbA1c and GMI-BG were found to have highly similar 
distributions and associations with the sustained progression of 
retinopathy (Figure 1). At the typical clinical target levels, HbA1c 
and GMI-BG had statistically indistinguishable accuracy for pres-
ence or absence of sustained progress of retinopathy (31% vs 29% 
at 6.5% threshold and 42% vs. 42% at 7.0% threshold). While sen-
sitivity for complications was high for both markers, specificity 
was low at the current clinical target levels.
Conclusion: There was a high similarity between HbA1c and GMI-
BG in the DCCT for indication of sustained progression of retinopa-
thy, despite the intermittent but structured BG measurement. The low 
specificity of HbA1c and GMI-BG at predicting complications calls 
for future work to identify a marker that improves the balance between 
sensitivity and specificity.

Supported by: Abbott Diabetes Care
Disclosure: I.B. Hirsch: Employment/Consultancy; University 
of Washington, Abbott Diabetes Care, Embecta, LifeScan, Hagar. 
Grants; Dexcom, Insulet.
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Relationship between education and non-alcoholic fatty liver dis-
ease: a two-sample Mendelian randomisation analysis
Z. Ren, A. Wesselius, C.D.A. Stehouwer, M.C. Brouwers;
Maastricht University, Maastricht University, Netherlands.

Background and aims: Non-alcoholic fatty liver disease (NAFLD) 
has been shown to be a risk factor for type 2 diabetes (T2D). More 
recently, low educational attainment (EA) has been associated with 
greater NAFLD risk. The aim of the present study was to gain more 
insight into the causal nature of this relationship.
Materials and methods: We performed two-sample Mendelian ran-
domization (MR) analyses using summary-level, large-scale datasets 
to study the association of genetically predicted educational attain-
ment (EA) (n = 1,271 genetic instruments, obtained from 1,131,881 
participants) with risk of NAFLD (i.e, liver fat [n = 32,858 par-
ticipants] and electronic health record (EHR)-based NAFLD [n = 
778,614 participants]). In sensitivity analyses, EA was replaced by 
genetically predicted cognition, math ability and highest math, to 
assess the robustness of the findings.
Results: inverse-variance weighted (IVW) method showed a sta-
tistically significant association between genetically predicted EA 
and liver fat (beta: -0.251, 95%CI: -0.305;-0.198) and EHR-based 
NAFLD (OR: 0.609, 95%CI: 0.547;0.677). MR Egger regression did 
not show statistically significant intercepts. Similar findings were 
obtained when other MR tests were used or when EA was replaced 
by genetically predicted cognition, math ability and highest math.
Conclusion: This study suggests a causal, protective effect of higher 
EA on NAFLD risk. To alleviate the burden of NAFLD and, conse-
quently, to reduce the risk of T2D, societal interventions targeted at 
people with low education are needed.
Disclosure: Z. Ren: None.

294
The effect of education on glycaemic control in patients with type 
1 diabetes with initiation of continual or flash glucose monitoring
E. Horová1, V. Navrátilová1, J. Šoupal1, J. Škrha jr.1, D.Q.  Do1, L. 
Radovnická2, A. Hásková1, M. Prázný1;
13rd Department of Internal Medicine, 1st Faculty of Medicine, Charles 
University and General University Hospital, Prague, Czech Republic, 
2Department of Internal Medicine, Masaryk Hospital, Ústí nad Labem, 
Czech Republic.

Background and aims: Structured education of type 1 diabetic 
patients is time consuming and economically demanding. It is known 
that education about carbohydrate counting and flexible insulin dos-
ing leads to improvement in glycemic control as well as using con-
tinual or flash glucose monitoring. What improvement of glycemic 
control can patients achieve with combination of structured educa-
tion and initiation of continual or flash glucose monitoring has not 
yet been studied. The aim of this study was to demonstrate greater 
improvement of glycemic control (HbA1c, time in range) in type 
1 diabetic patients with newly initiated continual or flash glucose 
monitoring who participated in structured education of carbohydrate 
counting and flexible insulin dosing in comparison with patients who 
initiated glucose monitoring without education.
Materials and methods: 329 patients with type 1 diabetes attending the 
Diabetes Centre of a University Hospital in the Czech Republic, with 
newly initiated continual or flash glucose monitoring in time period 
from 2015 to 2021 were included in our retrospective study. Patients 

were divided into two groups, one with patients who participated in at 
least one structured educational session by a nutritionist (n = 126) and 
the second group without education (n = 203). Twelve months from 
sensor initiation, parameters of glycemic control were evaluated and 
compered between groups.
Results: Patient groups with (age 42 ± 14 years, diabetes duration 14 ± 
11 years) and without education (age 43 ± 14 years, diabetes duration 
18 ± 12 years) did not significantly differ in glycemic control at the 
time of sensor initiation (HbA1c 7.6 [60.0] vs. 7.6 % [60.2 mmol/mol], 
respectively). Twelve months after sensor initiation, glycemic control 
improved in both groups with greater improvement in educated group 
(HbA1c 7.2 [54.9] vs. 7.4 % [57.1 mmol/mol], respectively, p < 0.05). 
When comparing time in range (70-180 mg/dL [3.9-10.0 mmol/L]) 
after twelve months, educated group spent significantly longer time in 
range vs. group without education (68.8 vs. 64.1 %, respectively, p < 
0.05). We observed inverse correlation between the number of com-
pleted educational sessions and HbA1c after twelve months (r = -0.12, 
p < 0.05) as well as between the number of completed educational 
sessions and HbA1c change in educated group (r = -0.15, p < 0.05).
Conclusion: Type 1 diabetic patients who initiated continual or 
flash glucose monitoring together with education about carbohydrate 
counting and flexible insulin dosing significantly improved glyce-
mic control (HbA1c) and enlarged time in range in comparison with 
patients who did not complete education.
Supported by: MH CZ-DRO-VFN00064165
Disc losure:  E.  Horová:  Grants ;  Suppor ted  by  MH 
CZ-DRO-VFN00064165.

295
My diabetes my way: online support for diabetes self-management
S.G. Cunningham1, B.  Allardice1, J.  Dickson1, N.T.  Conway2, D. 
 Little1, D.J.  Wake3;
1Population Health & Genomics, University of Dundee, Dundee, UK, 
2Maternal and Child Health, NHS Tayside, Dundee, UK, 3Usher Insti-
tute, University of Edinburgh, Edinburgh, UK.

Background and aims: My Diabetes My Way (MDMW) is the NHS 
Scotland interactive website and mobile app for people with diabetes 
and their carers. It contains multimedia resources aimed at improving 
self-management, including leaflets, interactive tools, videos and tes-
timonials from people with diabetes talking about their experiences. 
It also includes 11 online structured education courses allowing peo-
ple to self-manage and assess learning at their own pace. MDMW 
offers access to clinical results via its electronic personal health record. 
This record sources data from primary care, secondary care, specialist 
screening services and laboratory systems; including diagnostic infor-
mation, demographics, process outcomes, screening results and medi-
cation. These data provide a more complete overview of diabetes than 
would be available from any single system. Patients can share home-
recordings (blood pressure, weight, PROMs) and device data (blood 
glucose meters, activity trackers) with their healthcare teams, further 
enhancing communication. We aimed to report current utilisation fig-
ures and evaluate the impact MDMW has had on patient satisfaction 
and qualitative and quantitative outcomes throughout its development.
Materials and methods: User audit and activity logs were analysed 
at the end of 2022 to present current levels of uptake. User evalu-
ation questionnaires were circulated to 22,665 users of the service 
and over 500 healthcare professionals prior to subsequent analysis. 
Health economics analysis was conducted using the UKPDS Out-
comes Model v2.0.
Results: By the end of 2022, 35,713 people with diabetes had logged 
in to access their diabetes records and 2,465 had registered for at least 
one structured education course (total courses = 3,594). During 2022, 
an average of 12,703 people accessed 67,217 pages on the education 
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website every month. In 2019, patients reported that MDMW improves 
their knowledge of diabetes and their motivation to manage it better. 
They believe that it allows them to make better use of consultation 
time and means that they do not need to keep paper records or phone 
their doctor for results. Users found data graphs helpful to monitor 
changes and the system helped them meet their diabetes goals. A 
2022 survey found that healthcare professionals believed the service 
is beneficial for their patients, encouraging engagement with diabetes 
management, resulting in a positive improvement in adherence. HCPs 
think that patients who use the system are more knowledgeable about 
diabetes and ask more relevant questions without increasing the length 
of consultation time. Recent health economics analysis shows that 
MDMW could help save the NHS £118.72 per diabetes patient over 
ten years, leading to savings of several millions of pounds. The service 
is ‘dominant’ over usual care (both cost-saving and life improving) in 
supporting self-management. Wider use may result in significant cost 
savings through delay or reduction of long-term complications and 
increased life expectancy in Scotland.
Conclusion: MDMW is one of the most cost-effective interventions 
currently available to support diabetes. User and HCP satisfaction 
is high, quality of life improvements have been shown, clinical out-
comes are positive and cost-savings have been demonstrated. This 
service is genuinely unique worldwide, providing records access to 
an entire national population.
Supported by: Scottish Diabetes Group and Technology Enabled Care 
Programme, Scottish Government
Disclosure: S.G. Cunningham: Grants; Scottish Government.

296
Development of noninvasive diabetes management method using 
glycated albumin in tears
M. Aihara, N. Kubota, T. Yamauchi;
Department of Diabetes and Metabolic Diseases, The University of 
Tokyo, Tokyo, Japan.

Background and aims: Several clinical trials have demonstrated 
that strict glycemic control is important to minimize the risk of dia-
betic complications. Although frequent measurement of blood glu-
cose levels by the invasive finger prick method is useful to achieve 

strict glycemic control, this method is invasive and burdensome to 
the patients. Glycated albumin (GA) is a biomarker which reflects 
the glycemic control status over the previous 2 weeks. We demon-
strated GA levels in tears correlated those in blood. We hypothesized 
that regular GA tests in tears caused behavior change and improved 
glycemic control.
Materials and methods: Participants with type 2 diabetes were 
recruited for this study and randomly divided to two groups; the 
control group and the intervention group. After randomization, 
blood samples were collected from both participants of the control 
and intervention groups every 2 weeks over an 8-week period (Visit 
1-Visit 5). Tear samples were collected only from participants of the 
intervention group and notified the results of their GA levels in a few 
days. GA levels in tears was measured by Liquid Chromatography 
/ Mass Spectrometry (LC-MS/MS). All the statistical analyses were 
carried out using the Statistical Package for Social Sciences (SPSS) 
version 26.0.
Results: Fifty-six participants were enrolled in the study. At Visit 3, the 
mean GA level changed from 17.03% at baseline (Visit 1) to 16.95% in 
the control group and from 17.16% to 16.53% in the intervention group; 
for changes (ΔGA) -0.08% and -0.36 %, respectively. Thus, the mean 
ΔGA, as compared with the control group, was 0.28% lower in the inter-
vention group (P<0.05). At Visit 5, the mean HbA1c level changed from 
6.96% at baseline (Visit 1) to 7.18% in the control group and from 7.11% 
to 7.14% in the intervention group; for changes (ΔHbA1c) +0.22% and 
+0.08 %, respectively. Thus, the mean ΔHbA1c, as compared with the 
control group, was 0.15% lower in the intervention group (P=0.06). 
At Visit 5, the mean fasting plasma glucose (FPG) level changed from 
138.55 ,g/dL at baseline (Visit 1) to 142.25 mg/dL in the control group 
and from 141.44 mg/dL to 133.32 mg/dL in the intervention group; for 
changes (ΔFPG) +3.70 mg/dL and -6.80 mg/dL, respectively. Thus, 
the mean ΔFPG, as compared with the control group, was 10.50 mg/
dL lower in the intervention group (P<0.05).
Conclusion: Levels of GA, as a diabetes-related biomarker, in tear can 
be measured noninvasively. Regular measurement of the GA levels in 
tear could improve glycemic control through behavioral changes and 
allow smoother management of diabetes mellitus than invasive finger 
prick method and reduce the risk of complications.
Clinical Trial Registration Number: UMIN000041903
Supported by: AMED
Disclosure: M. Aihara: None.
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Metabolomic biomarker profiling for chronic kidney disease pre-
diction in 10,000 individuals with type 2 diabetes
P. Würtz, J. Barrett, H. Julkunen;
Nightingale Health, Helsinki, Finland.

Background and aims: Chronic kidney disease (CKD) is one of the 
main complications of diabetes. Early identification of individuals at 
high risk for CKD can help to target prevention efforts. We assessed 
the value of routine and emerging biomarkers measured simultane-
ously by nuclear magnetic resonance (NMR) metabolomics for pre-
dicting risk of CKD in people with type 2 diabetes.
Materials and methods: Thirty-nine circulating biomarkers, including 
creatinine, albumin, lipids, fatty acids, amino acids, glycolysis metab-
olites and inflammation markers were measured by a low-cost NMR 
metabolomics assay in 275,000 plasma samples from the UK Biobank, 
among which ~10,000 were from people with diabetes. Individuals with 
CKD stage 3 or higher at blood sampling were omitted from analyses. 
During 10-year follow-up, 1062 incident CKD events occurred. Using 
multivariable regression modelling with validation in an independent 
population, we derived a multi-biomarker risk score for CKD onset. We 
assessed the predictive performance in comparison to standard non-lab 
risk factors, clinical biochemistry (HbA1c, cholesterol measures and 
eGFR) and polygenic risk scores. We evaluated the performance of the 
risk score in two scenarios: stratifying kidney disease risk among people 
with type 2 diabetes as well as in a general population setting.
Results: Numerous emerging metabolic biomarkers were predictive 
for onset of CKD even when accounting for baseline eGFR. For 
people with diabetes and mildly decreased kidney function at the 
time of blood sampling (eGFR 60-90), adding the metabolic bio-
markers in a comprehensive model including standard risk factors, 
clinical biochemistry and polygenic risk scores increased the area 
under curve (AUC) from 0.60 to 0.70 (P<0.001). When compar-
ing people with the highest decile of the biomarker score to the 
remaining population, the hazard ratio was 2.1 whereas clinical 
biochemistry markers were not predictive of CKD. The predictive 
performance was more modest among people with diabetes and 
normal kidney function at blood sampling (eGFR > 90). In the 
general population setting, the biomarker risk score also improved 
the prediction of CKD among people with mildly to moderately 
decreased kidney function, increasing AUC from 0.60 to 0.65. The 
same biomarker score was also strongly associated with risk for 
end-stage renal disease. We will illustrate further applications of 
the biomarker risk scores for predicting other diabetes complica-
tions such as heart failure, cardiovascular events and mortality.
Conclusion: Metabolic biomarkers measured simultaneously by 
a low-cost NMR assay can enhanced the prediction of CKD onset 
beyond standard risk factors. The improvements are strongest in peo-
ple with mildly decreased kidney function, both among people with 
diabetes and in the general population. From a translational perspec-
tive, this may complement the identification of high-risk individuals 
beyond current risk assessment, while simultaneously capturing risk 
of other diabetes complications.

Disclosure: P. Würtz: Employment/Consultancy; Employee of Night-
ingale Health. Stock/Shareholding; Shareholder of Nightingale Health.

298
Infection risk is substantially increased in a hyperinsulinaemic 
type 2 diabetes subgroup: a Danish cohort study
J.S. Nielsen1, F.P.B.  Kristensen2, S.L.  Domazet1, J.  Stidsen1, K. 
Højlund1, P.  Vestergaard3, H. Beck-Nielsen1, N.  Jessen4, M.H.  Olsen5, 
T.  Hansen6, C. Brøns7, A.  Vaag7,8, H.T. Sørensen2, R.W.  Thomsen2;
1Steno Diabetes Center Odense, Odense, Denmark, 2Dept. of Clinical 
Epidemiology, Aarhus University, Aarhus, Denmark, 3Steno Diabetes 
Center North Denmark, Aalborg, Denmark, 4Steno Diabetes Center 
Aarhus, Aarhus, Denmark, 5Steno Diabetes Center Zealand, Holbæk, 
Denmark, 6Novo Nordisk Foundation Center for Basic Metabolic 
Research, University of Copenhagen, Denmark, Copenhagen, Den-
mark, 7Steno Diabetes Center Copenhagen, Copenhagen, Denmark, 
8Lund University Diabetes Center, Malmö, Sweden.

Background and aims: Type 2 diabetes (T2D) is associated with 
increased risk of severe infections, but the exact mechanisms are 
unclear. We hypothesized that the risk of infections is higher in a 
hyperinsulinemic/insulin resistant T2D subgroup associated with 
a high burden of adiposity, inflammation, and comorbidity at T2D 
onset, compared to other T2D subgroups.
Materials and methods: From the Danish Centre for Strategic 
Research in T2D (DD2) cohort, 4331 persons with recent-onset T2D 
were divided into three subgroups according to indices of insulin 
sensitivity and beta-cell function: hyperinsulinemic (HOMA2-S<63.5 
and HOMA2-B≥115.5), classical (HOMA2-S<63.5 and HOMA2-
B<115.3), and insulinopenic (HOMA2-S≥63.5 and HOMA2-
B<115.3). Patients were followed from enrollment until onset of an 
infection, defined as a community-based antibiotic prescription, or 
an episode of hospital-treated infection. We used Cox regression to 
compute confounder-adjusted hazard ratios (HRs).
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Results: Among the cohort, 1166 (27%) had hyperinsulinemic, 2737 
(63%) classical, and 428 (10%) insulinopenic T2D. Hyperinsulinemic 
T2D was associated with increased waist circumference ((female/
male) ≥88/102 cm in 89% vs 75% vs 39%); higher Charlson comor-
bidity index (≥2 in 38% vs 29% vs 24%); and low-grade inflammation 
(median hsCRP 2.5 vs 1.8 vs 0.9 mg/L). The five-year cumulative 
incidence of hospital-treated infections (treating death as a compet-
ing risk) was highest in hyperinsulinemic T2D (Figure 1). Compared 
with insulinopenic T2D, the HR of hospital-treated infection was 1.86 
(95% CI 1.37-2.59) in hyperinsulinemic T2D and 1.45 (95% CI 1.06-
1.96) in classical T2D, after adjusting for sex, age, diabetes duration, 
year of enrollment, glucose-lowering agents, and lifestyle behaviors. 
Further adjusting for comorbidities, waist circumference, and hsCRP, 
the HRs of hospital-treated infections decreased to 1.57 (1.13-2.19) 
for hyperinsulinemic T2D, and 1.28 (95% 0.94-1.75) for classical 
T2D. The partly and fully adjusted HRs of community-treated infec-
tions were 1.28 (95% CI 1.12-1.47) and 1.16 (95% CI 1.01-1.34) for 
hyperinsulinemic T2D, and 1.10 (95% CI 0.98-1.26) and 1.04 (0.92-
1.19) for classical T2D.
Conclusion: Among individuals with recent-onset T2D, those in 
the hyperinsulinemic/insulin resistant subgroup were at markedly 
increased risk of severe infections, beyond their excess obesity, 
inflammation, and comorbidity.

Supported by: NNF20OC0063292
Disclosure: J.S. Nielsen: None.
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Risk of long term mortality in patients with recurrent diabetic 
ketoacidosis admissions
S. Penswick, M. Lyall, F. Gibb;
Department of Diabetes and Endocrinology, Royal Infirmary of Edin-
burgh, Edinburgh, UK.

Background and aims: Diabetic ketoacidosis (DKA) is a potentially 
lethal complication of type 1 diabetes (T1DM), but the inpatient mor-
tality is low with appropriate treatment. Recurrent admissions with 
DKA may reflect psychosocial barriers to optimal care. There is a 
paucity of data on long term mortality associated with recurrent DKA 
admissions. We aimed to examine risk of long term mortality and 
characterise clinical and demographic variables associated with low, 
medium and high number of episodes of DKA admissions in patients.
Materials and methods: We conducted a retrospective observational 
cohort study of adults living with T1DM across three hospitals sites 
from 2008-2018 in Lothian, Scotland with follow up. Frequency, clini-
cal parameters and demographic data from admissions with DKA were 

examined. DKA admission rates were defined as low (0-1 admissions), 
medium (2-4 admissions) and high (≥5 admissions) frequency. DKA at 
the time of diagnosis was excluded. Mortality rate between groups was 
compared by cox-proportionate hazards model. Associates of increas-
ing DKA admission rates were examined using Poisson regression. 
Statistical analysis was performed using R version 4.1.2.
Results: 5082 patients were observed with a median follow-up of 
11.2 years (IQR 6.6-15.0). There was a total of 3337 admissions with 
DKA from 798 individuals. Crude mortality at the end of the follow 
up was 14.1% in the low frequency group compared to 30.8% and 
38.8% for medium and high frequency of DKA admissions respec-
tively. Adjusted mortality increased with increasing frequency of 
DKA admissions HR 2.37 (1.71-3.29, p<0.001) and HR 4.4 (2.79-
6.94, p<0.001) for medium and high frequency of admissions respec-
tively. The figure below shows probability of overall survival for 
patients grouped by number of DKA admission. Median age at death 
was 46.2 (IQR 33.25 - 58.5) for high frequency attenders versus 65.8 
(IQR 56-76) and 52.7 (IQR 40-63) for the low and median DKA 
group with 18 (69%) dying unexpectedly at home. There was a strong 
association between DKA rate and younger age (IRR 0.95/yr), female 
sex (IRR 4.44), the highest level of social economic deprivation (IRR 
38.2) and undetectable c-peptide (IRR 18.83) (all <0.001).
Conclusion: Multiple DKA admissions is independently associated 
with significantly increased mortality at a young age and predomi-
nates in young females at high levels of socioeconomic deprivation. 
Further work should be done to identify and support this vulnerable 
group with a view to limiting excess mortality.

Disclosure: S. Penswick: None.

300
Large and small peripheral artery disease in people with type 1 
diabetes
T. Avdic1, B.  Eliasson2, J.  Nordanstig3, A.  Rawshani2, A.  Rawshani2;
1NDR Registercentrum Västra Götaland, Gothenburg, Sweden, 
2Department of Molecular and Clinical Medicine, Institute of Medi-
cine, University of Gothenburg, Gothenburg, Sweden, 3Department 
of Vascular Surgery and Institute of Medicine at The Sahlgrenska 
University Hospital and Academy, University of Gothenburg, Goth-
enburg, Sweden.

Background and aims: The aim of this study was to analyze trends 
in incidence rates and risk of large- and small-vessel artery disease in 
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relation to cardiometabolic risk factor levels among individuals with 
type 1 diabetes mellitus (T1D) compared with matched controls from 
the general population between 2001 and 2019.
Materials and methods: A total of 34,267 individuals with T1D 
from the Swedish National Diabetes Register and 164,054 matched 
controls without T1D were included in this study. Incident extracra-
nial artery disease (EAD), aortic aneurysm, and large-vessel periph-
eral artery disease (LV-PAD) were the pre-defined primary outcomes. 
Standardized incidence rates were used to analyze incidence rates, 
and Cox proportional hazards models were employed to evaluate risk 
factor associations.
Results: From 2001 to 2019, changes in incidence rates (per 100,000 
person-years) among individuals with T1D were as follows: EAD 
declined from 87.2 to 84.3, aortic aneurysm increased from 0 to 9.2, 
and LV-PAD decreased from 456.6 to 327.8. HbA1c, systolic blood 
pressure, lipids, socioeconomics, and smoking were the strongest, 
independently analyzed risk factors associated with the outcomes and 
likely contributed the most to the risk for these outcomes. A graded 
association was observed among patients with T1D with increasing 
number of risk factors beyond target and incident EAD and LV-PAD. 
Those with T1D and no cardiometabolic risk factors beyond target 
did not display excess risk of EAD and PAD compared with controls. 
However, adjusted hazard ratios (HRadjusted) in individuals with 
T1D with all risk factors beyond target compared with controls were 
7.83 for EAD (95% confidence interval [CI], 4.15-14.78) and 20.11 
for PAD (95% CI, 13.70-29.51). The risk for aortic aneurysm was 
lower for T1D than the general population.
Conclusion: The incidence of large- and small-vessel artery dis-
ease, except for aortic aneurysm, has declined in individuals with 
T1D. A graded association was observed among individuals with 
T1D between the increasing number of risk factors beyond target 
and incident EAD and LV-PAD. Individuals with T1D with no risk 
factors beyond target did not exhibit an excess risk of EAD and LV-
PAD compared with matched controls.
Disclosure: T. Avdic: None.
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A 3D imaging toolbox for islet biology: utilisation of human islet 
microtissues in high-content 3D confocal microscopy
M. Karsai, A. Title, S. Jawurek, C. Rufer, F. Forschler, J. Mir Coll, 
S. Sonntag, O. Yavas, B. Yesildag;
InSphero AG, Schlieren, Switzerland.

Background and aims: Previously, we addressed the issue of het-
erogeneity and limited ex vivo life span of isolated human islets by 
establishing a method for scaffold-free and high-throughput reaggre-
gation of dispersed islet cells, yielding homogeneous human islet 
microtissues (hIsMTs) that display long-term (>28 days) and robust 
function. Using these hIsMTs, we developed and reported in vitro 
islet stress models relevant for both type 1 (T1D) and type 2 diabetes 
(T2D) that mainly relied on analysis of insulin secretion, insulin and 
ATP contents. While these biochemical assays provided quantitative 
readouts for hIsMT function and viability, they lacked the sensitivity 
and ability of microscopic readouts to report at a single-cell resolu-
tion. Here, we showcase high-throughput compatible 3D confocal 
microscopy methodologies using our newly engineered 384-well 
spheroid culture plates with our previously established disease and 
modified hIsMT models.
Materials and methods: Native human islets were dispersed and 
reaggregated using a hanging drop system. For T1D modelling, 
hIsMTs were either cultured with a proinflammatory cytokine 
cocktail, activated peripheral blood mononuclear cells or islet-spe-
cific cytotoxic T lymphocytes. For T2D modelling, hIsMTs were 
cultured in glucotoxic or glucolipotoxic conditions. Additionally, 
high-efficiency adeno-associated viral transduction of dispersed 
islet cells was used for modification of gene expression or FACS 
sorting of β- and non-β-cell populations were utilized for achieving 
cell-type enriched hIsMTs prior to disease modeling. Evaluation 
of islet function was conducted by measuring basal or glucose-
induced insulin secretion, insulin and ATP content. Methods for 
3D staining and confocal imaging were established by optimization 
of hIsMT fixation, permeabilization, blocking, antibody staining, 
clearing, and high-content imaging fallowed by high-resolution, 
multicolor 3D microscopy of key diabetes-relevant targets. In 
addition, cell tracker dyes were utilized to observe longitudinal 
islet-immune cell interactions. Finally, quantitative 3D microscopic 
analysis was performed through custom pipelines developed using 
Yokogawa’s CellPathFinder software.
Results: The established methods have enabled us to perform auto-
mated quantitative analysis of islet hormone content, amyloid deposi-
tion, HLA expression, T-cell infiltration, β-cell death, β-cell survival, 
β-cell proliferation, β-cell mass, calculation of islet transduction 
efficiency, β- and non-β-cell-specific protein expression, and β- and 
non-β-cell enrichment following cell sorting. The methodologies pre-
sented here thus constitutes unique tools for in vitro high-throughput 
phenotypic characterization of pancreatic islets in parallel with a 
variety of functional parameters, in a representative and standard-
ized 3D islet model.
Conclusion: In summary, we present a toolbox of strategies for 
achieving quantitative, high-throughput, and automated microscopic 
endpoint analysis by combining cutting-edge 3D microtissue and 
high-content imaging technologies.
Disclosure: M. Karsai: Employment/Consultancy; All authors are 
current and/ or former employees of InSphero AG.
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OGT is essential for postnatal beta cell identity maintenance 
through transcription factor Pdx1
A. Wong1, E.  Alejandro2;
1Genetics, Cell Biology, and Development, University of Minnesota 
Twin Cities, Minneapolis, MN, USA, 2Integrative Biology and Physi-
ology, University of Minnesota Twin Cities, Minneapolis, MN, USA.

Background and aims: Treatment for type 2 diabetes (T2D) is hin-
dered by the lack of effective therapies that directly target β-cell 
health and survival. Evidence in both human and murine models of 
T2D suggests that in addition to apoptosis, the loss of β-cell mass 
in T2D is a result of altered β-cell identity. O-GlcNAc Transferase 
(Ogt) is a nutrient-sensor expressed at high levels in the β-cells. It 
catalyzes the addition of an O-GlcNAc post-translational modifica-
tion onto Ser and Thr residues and has key regulatory properties in 
β-cell function. Many transcription factors essential for β-cell iden-
tity and function, such as Pdx1, are putative targets of Ogt. In mice, 
genetic ablation of Ogt in the endocrine progenitors  (OgtKOEndo) 
results in progressive hyperglycemia, loss of β-cell mass, and 
increased  insulin+/glucagon+ bihormonal cells. Similarly, mice with 
a β-cell-specific Ogt deletion (βOgtKO) also develop diabetes with 
reduced Pdx1 protein levels. We hypothesized that deletion of Ogt 
perturbs the activity of Pdx1, an Ogt target implicated in the main-
tenance of β-cell identity.
Materials and methods: To test the requirement of Ogt in β-cell 
identity, we generated a β-cell-specific Ogt-deficient mouse model 
(βOgtKO) using Cre-recombinase driven by the rat insulin promoter. 
We also generated a mouse model in which Pdx1 was overexpressed in 
Ogt-deficient β-cells (βOgtKO;PdxTg) in a similar manner. Pancreases 
were harvested and paraffin-embedded for immunohistochemistry. Glu-
cose tolerance tests were performed following an intraperitoneal glu-
cose injection (2g/kg), and blood glucose was assessed via tail vein. All 
in vitro experiments were performed in the MIN6 mouse insulinoma 
cell line. Osmi-1 (30μM) was utilized for Ogt inhibition, and the Pdx1 
stability assay was performed using cycloheximide (50 μg/mL) to block 
protein synthesis. mRNA transcripts were measured via SYBR green-
based RT-qPCR using β-actin and 36B4 housekeeping genes.
Results: Consistent with the  OgtKOEndo, β-OgtKO mice displayed an 
increased incidence of bihormonal cells (n=5-9, one-way ANOVA, 
p=0.0599) and a trend towards increased islet α-cell gene transcripts 
(n=3, T-test, p=0.09-0.11) but exhibited no differences in β-cell 
mass at p30 compared to littermate controls (n=5, one-way ANOVA, 
p=0.5638). Moreover, studies in MIN6 cells treated with Ogt inhibitor 
Osmi-1 (30 μM) showed a potential decrease in Pdx1 stability, as well 
as a significant decrease in mRNA transcripts of Pdx1 and MafA (n=9, 
T-test, Pdx1 p=0.0078, MafA p=0.0496). Subsequently, we tested 
whether Pdx1 reconstitution in βOgtKO (βOgtKO; PdxTg) is sufficient 
to rescue β-cell identity, function and, consequently, blood glucose and 
the onset of diabetes. Our preliminary data suggest βOgtKO;PdxTg 
mice exhibit improved glucose tolerance at 6 weeks of age (n=2-3). 
However, both βOgtKO and βOgtKO;PdxTg mice developed hypergly-
cemia at a similar age (n=3), suggesting that in addition to normalizing 
Pdx1 protein, the O-GlcNAcylation of Pdx1 may be essential. Using 
proximity-directed nanobodies in primary islets, we are testing whether 
specifically altering O-GlcNAcylation of Pdx1 protein in vitro is suf-
ficient to rescue transcription of key β-cell genes.
Conclusion: Together, these data suggest that Ogt regulates β-cell 
identity and function, in part, through Pdx1.
Supported by: R01DK115720, Regenerative Medicine Minnesota, 
UMN Foundation, McKnight Foundation, UMGC, T32GM140936
Disclosure: A. Wong: None.
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Mesenchymal stromal cell secretory peptides improve human islet 
functional survival
T. Hong1, S.  Caxaria2, M.  Zhao1, L. Daniels  Gatward1, A.  King1, C. 
 Rackham3, P.  Jones1;
1King’s College London, London, UK, 2Queen Mary University of 
London, London, UK, 3University of Exeter, Exeter, UK.

Background and aims: Human islet transplantation as a therapy 
for type 1 diabetes is compromised by the loss of functional beta 
cells in the immediate post-transplantation period. In our previous 
studies, we demonstrated that the pre-transplant co-culture with 
mesenchymal stromal cells (MSCs) enhanced beta cell secretory 
function and survival both in vitro and in vivo. Here we utilized 
a mouse model for human islet transplantation and assessed the 
effects of a cocktail of MSC-secreted peptides (screened by MSC-
secretome for human islet GPCRs) on the functional survival of 
human islets.
Materials and methods: Human islets from 9 donors (Age: 
36-57; BMI: 20-35) were treated with a cocktail of human 
recombinant annexin A1 (5nM), stromal cell-derived factor-1 
(10nM) and complement component C3a (10nM). Glucose 
(20 mM)-stimulated insulin secretion (GSIS) was assessed in 
static incubation. Cytokine-induced apoptosis was assessed by 
measuring caspase 3/7 activity. mRNA expression levels were 
determined by QPCR. Human islet functional survival in vivo 
after cocktail pre-treatment (72 hours) was examined using a 
human islet transplantation mouse diabetes model (10 weeks 
old male, SCID, nu/nu), Mice were transplanted with 800 human 
islets in the right kidney capsule 24 days before diabetes was 
induced by administration of low dose STZ (70kg/mg) for 5 
days. Human islet grafts were removed by nephrectomy at the 
end of the experiment and animals were culled 3 days later. 
Blood glucose and body weight were recorded every other day, 
and glucose tolerance tests (GTT) were performed 3 days before 
and 2 weeks after STZ-injection.
Results: Cocktail pre-treatment increased glucose stimulated insulin 
secretion in vitro significantly (GSIS in control: 0.73±0.2; cocktail: 
1.37±0.3 insulin ng/islet/hour, p<0.05) and protected against cytokine-
induced apoptosis (basal: 100±8.7%; cytokines: 295.5±112%; 
cytokines + cocktail: 185.2±78.2%, p<0.05). Similar significant 
effects were observed in human islets isolated from 7 (out of 9) donors. 
QPCR data revealed that the INS mRNA expression level significantly 
increased (p <0.01) when AMY1A was not altered, suggesting the 
exocrine contamination level remained the same. Animals transplanted 
with either treated or untreated human islets remained normoglyce-
mic (6.0±0.5 and 5.5±0.6 mM) after 5 days of STZ-administration, 
whereas non-transplanted animals showed significantly increased blood 
glucose (28.6±0.5 mM; p<0.01). Removal of the human islet graft by 
nephrectomy caused rapid increases in blood glucose to similar levels 
as the non-transplant controls (29.6±1.4 mM). Moreover, pre-treating 
human islets with the MSC-derived cocktail significantly improved 
glucose tolerance (AUC; non-transplanted: 50.58±5, untreated human 
islet: 37.1±4.3, cocktail-treated human islet: 28.3±3.6, n=3, P < 0.01 
compared to untreated control), consistent with enhanced functional 
survival in the treated islets.
Conclusion: Pre-treating human islets before transplantation with 
a defined cocktail of MSC-derived molecules could be employed to 
improve the quality of human islets for transplantation therapy of 
type 1 diabetes.
Supported by: MRC
Disclosure: T. Hong: None.
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UFMylation in pancreatic beta cells plays an important role in 
maintaining cellular homeostasis and glucose tolerance
Y. Nishida1, H.  Uzawa1, A.  Kanai1, K.  Ueki1, M.  Komatsu2, H. 
 Watada1;
1Department of Metabolism and Endocrinology, Juntendo University 
Graduate School of Medicine, Tokyo, Japan, 2Department of Organ 
and Cell Physiology, Juntendo University Graduate School of Medi-
cine, Tokyo, Japan.

Background and aims: UFMylation is a ubiquitin-like modification 
where UFM1 is conjugated to targeted proteins via a sequential reac-
tion of the E1-like enzyme UBA5, E2-like UFC1, and E3-like UFL1. 
UFMylation is involved in the development of the hematopoietic sys-
tem in embryos, and its association with human encephalopathy has 
been reported. UFMylation is supposed to be associated with ER 
homeostasis in that the proteins regulating UFMylation are located 
on ER membranes and that UFMylation regulates ER-phagy. On the 
other hand, unfolded protein response to ER stress and autophagy 
plays an essential role in keeping beta cell function. However, the role 
of UFMylation in pancreatic beta cells and its relevance to diabetes 
mellitus has not been clarified yet. We hypothesized that UFMylation 
contributes to keeping cellular homeostasis and functions of beta 
cells.
Materials and methods: We generated pancreatic beta cell-
specific UFM1 knock-out (UFM1-βKO) mice by crossbreeding 
 UFM1flox/flox mice with Ins1-Cre-ERT mice followed by tamox-
ifen treatment at 6 weeks old. We examined glucose tolerance by 
ipGTT in the mice under a normal diet and performed a histological 
analysis with immunostaining and electron microscopic observa-
tion of the pancreatic islets.
Results: We confirmed pancreatic beta cell-specific deletion of 
UFM1 in UFM1-βKO mice by western blotting and immunostain-
ing. The ipGTT showed glucose intolerance in UFM1-βKO mice 
11 weeks after TM treatment in males (Ctrl 43092.2 ± 1122.4 vs. 
UFM1-βKO 59439.4 ± 1911.1, AUC±S.E.M in ipGTT, p<0.05). 
Histological analysis demonstrated that UFM1 KO beta cells had 
vacuoles in the cytoplasm, probably reflecting the expansion of ER. 
Furthermore, the widening of inter-cellular space was observed in 
islets of UFM1-βKO mice, suggesting the fragility of the cells in 
UFM1 KO. Insulin contents in beta cells were reduced in UFM1-
βKO mice, also suggesting that the beta-cell mass decreased fol-
lowing UFM1 deletion (Ctrl 1.93 ± 0.19 vs. UFM1-βKO 1.03 ± 
0.15 mg, S.E.M, p<0.05). To clarify how the beta cell mass was 
reduced in UFM1 βKO, we investigated the involvement of the 
two possible mechanisms, beta cell death and transdifferentia-
tion. Though a few apoptotic beta cells were detected with TUNEL 
staining in UFM1-βKO, we found that somatostatin- or glucagon-
positive endocrine cells more in UFM1-βKO than in controls. In 
contrast, chromogranin- or pancreatic polypeptide (PP)-positive 
cells in UFM1-βKO were comparable to controls. In addition, the 
electron microscopic analysis detected expansion and denature of 
ER structures in UFM1-βKO mice, suggesting increased ER stress 
in UFM1-deficient beta cells.
Conclusion: We demonstrated impaired glucose tolerance in UFM1-
βKO mice, probably due to the transdifferentiation of beta cells into 
glucagon-positive cells. Furthermore, deformation of ER structure 
implied increased ER stress in UFM1-βKO mice. Our data suggest 
that UFMylation maintains the identity of β cells by inhibiting their 
transdifferentiation and contributes to normal glucose tolerance. In 
our future plan, we will identify target molecules modified by UFM1, 
and examine how ER stress and transdifferentiation are associated in 
UFM1 KO pancreatic beta cells.
Supported by: YIA in the Japan Diabetes Society
Disclosure: Y. Nishida: None.
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Hypothalamic FSTL1 modulates energy homeostasis and glucose/
lipid metabolism via the Akt-/Foxo1-AgRP pathway
H. Dai1,2, M.  Yang2, L.  Li1, G.  Yang2;
1Key Laboratory of Diagnostic Medicine (Ministry of Education), 
College of Laboratory Medicine, Chongqing Medical University, 
Chongqing, China, 2Department of Endocrinology, The Second Affil-
iated Hospital, Chongqing Medical University, Chongqing, China.

Background and aims: Obesity results from a complex interplay of 
physiological and psychological factors, leading to a positive energy 
balance, with the hypothalamus playing a central role in its regulation. 
Within the hypothalamic arcuate nucleus (ARC), anorexigenic proopi-
omelanocortin (POMC) and orexigenic neuropeptide Y/agouti-related 
peptide (NPY/AgRP) neurons are essential for monitoring hormone 
and nutrient availability. Follistatin-like 1 (FSTL1), a glycoprotein in 
the secreted protein acid and rich in cysteine family, is expressed in 
various tissues, including in multiple brain regions, such as hypothala-
mus, brainstem and diencephalon. Previous studies have demonstrated 
elevated serum FSTL1 levels in obese individuals, which can be influ-
enced by exercise. Despite establishing a connection between FSTL1 
and insulin resistance or type 2 diabetes, the precise role of hypotha-
lamic FSTL1 in energy homeostasis regulation remains exclusive.
Materials and methods: To explore the role of FSTL1 in central energy 
homeostasis regulation, 6-week-old male wild-type mice received bilater-
ally injections of adeno-associated virus encoding FSTL1 or GFP into the 
mediobasal hypothalamus (MBH). Mice were then subjected to either a 
normal-chow diet (NCD) or high-fat diet (HFD) for 12 weeks, followed 
by metabolic analyses, glucose tolerance test and insulin tolerance test to 
determine the metabolic phenotype. To assess the role of FSTL1 in Agrp 
neurons, AgRP-Cre mice were injected with Cre-dependent AAV express-
ing FSTL1 or GFP into the MBH or were crossed with  FSTL1fl/fl mice to 
generate neuron-specific overexpression or deletion of FSTL1. Metabolic 
phenotypes were analysed after NCD or HFD for 12 weeks. AgRP-FoxO1 
KO mice, generated by cross AgRP-Cre mice with  FoxO1fl/fl mice, were 
used to determine the involvement of FoxO1 in hypothalamic FSTL1 sign-
aling. Mouse hypothalamic GnRH neuronal cell line (GT1-7) and human 
neuroblastoma cell line (SH-SY5Y) were used for mechanism study. The 
underlying mechanism of hypothalamic FSTL1 in energy regulation were 
determined by western blot, PCR, immunohistochemistry, immunofluo-
rescence, RNA-seq analysis, Coimmunoprecipitation assay, etc.
Results: FSTL1 expression was detected in various hypothalamic 
regions associated with metabolism, with the highest levels found in 
the ARC. FSTL1 expression was modulated by nutrient availability 
and metabolic state. Overexpression of FSTL1 in AgRP neurons led to 
reduced food intake and body weight, increased energy expenditure, 
enhanced insulin sensitivity, and mitigation of liver steatosis under 
high-fat diet conditions. Conversely, genetic ablation of FSTL1 in 
AgRP neurons exhibited the opposite metabolic phenotype, showing 
heightened susceptibility to diet-induced obesity. Notably, enhanced 
FSTL1 in the hypothalamus increased cytoplasmic FoxO1-positive 
cells and reduced Agrp neuron excitability. It was demonstrated that 
FSTL1 regulates energy homeostasis via Akt-/FoxO1-AgRP pathway.
Conclusion: Fasting increases FSTL1 expression in the hypothala-
mus, resulting in reduced Agrp protein expression and Agrp neuron 
through the activation of Akt-/FoxO1-AgRP pathway. These findings 
reveal a previously unknow function of FSTL1 in energy homeostasis 
and glucose/lipid metabolism.
Supported by: Scientific and Technological Research Program 
of Chongqing Municipal Education Commission (Gran No. 
KJZD-K202200401)
Disclosure: H. Dai: None.
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Effects of triglycerides enriched at the sn-2 position in saturated 
fatty acids on peripheral and central insulin resistance: role of 
ceramide metabolism
H. le Stunff1, J.E.  Miyamoto2, R.  Magno2, J.  Guitton1, A.  Reginator2, 
M.A.  Torsoni2, A.  Torsoni2, L.  Souza2, M.  Taouis1, C.  Magnan3, M. 
 Milanski2;
1Batiment 151, Molecular Neuroendocrinology of Food Intake, 
Saclay, France, 2Laboratory of Metabolic Disorders, University of 
Campinas, Campinas, Brazil, 3CNRS UMR 8251, Université Paris 
Cité, Paris, France.

Background and aims: The onset of type 2 diabetes (T2D) is 
known to be influenced by saturated fatty acids (SFA). Recently, 
we found that interesterification of plant triglycerides (TG), a 
process used by the food industry, promotes enrichment of SFAs in 
the sn-2 position of TGs. Interestingly, consumption of a normo-
caloric palmitate-enriched TGs at the sn-2 position (TG-palm/
sn2) diet induced body weight gain and glucose intolerance in 
mice. These data sustain the importance of the sn-2 localization 
of SFA on the cellular effect of TG. In addition to peripheral tis-
sues, it is known that overexposure of the hypothalamus to SFAs 
predisposes to obesity and insulin resistance. In the present study, 
we assessed the role of ceramide metabolism on both peripheral 
and hypothalamic insulin resistance induced by normo-caloric diet 
containing TG-palm/sn2.
Materials and methods: Adult male Swiss mice were randomly 
divided into four experimental groups: normo-caloric palm oil diet 
(PO) or normo-caloric interesterified palm oil diet (IPO) during 8 
weeks. Glucose homeostasis was assessed by a glucose tolerance 
test. Peripheral tissues and hypothalamus were processed for a lipi-
domic analysis and RNA-seq. For in vitro analysis, mHypoA 2/28 
hypothalamic cell was treated for 16h with TG derivatives namely 
monoacylglycerol either linked to palmitate on sn-2 position 
(2-palmytoylglycerol (2-PG)) or to oleic acid (Oleic) on sn-2 posi-
tion (2-oleylglycerol (2-OG)). Free palmitic acid (Palm) or oleic 
acid were used as controls. Pro-inflammatory mediator expres-
sion levels were assessed by RTqPCR. Insulin signaling pathway 
was evaluated by quantifying Akt phosphorylation. Ceramide and 
DAG levels were quantified by lipidomic. The Involvement of de 
novo ceramide synthesis was determined by the use of the serine 
palmitoyl-transferase inhibitor, myriocin.
Results: Unlike the PO diet, the IPO diet, which is characterized by an 
increase of SFA on sn-2 of TAGs, induces body weight gain and glucose 
intolerance. In vivo, the normo-caloric IPO diet induced the regulation 
of various genes in hypothalamus including cellular stress markers. 
Lipidomic analysis revealed accumulation of ceramides in peripheral 
tissues and hypothalamus. In vitro studies with mHypoA-2/28 cells evi-
denced that the treatment with 2-PG as free palmitate impaired insu-
lin signaling by decreasing Akt phosphorylation. 2PG also promoted 
inflammation by increasing IL-6 levels. Interestingly, treatment 2-OG or 
free oleic acid did not induced inflammation. Importantly, lipid profile 
analysis revealed that both Palm and 2-PG treatment increased intracel-
lular ceramide levels in mHypo 2/28 cells. Finally, myriocin treatment 
counteracted the impairment of insulin signaling induced by 2-PG.
Conclusion: Altogether, our data showed that interesterified TG tar-
gets peripheral tissues and hypothalamus to mediate their metabolic 
effect. This preliminary data also allowed us to assert that saturated 
FA on sn-2 position of TG could as free fatty acids to alter insulin 
signaling and inflammation in neuronal cells via de novo ceramide 
synthesis.
Supported by: CNRS FAPESP CNPQ UPS UP
Disclosure: H. le Stunff: None.
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Reversion of obesity and insulin resistance by intracerebrospinal 
fluid AAV-FGF21 gene therapy
I. Elias1,2, I.  Grass1,2, V. Sacristán1,2, A.  Ribera1,2, C.  Jambrina1,2, 
V. Sánchez1,2, V. Jiménez1,2, E. Casaña1,2, T. Ferré1,2, F.  Bosch1,2;
1Center of Animal Biotechnology and Gene Therapy (CBATEG), Uni-
versitat Autonoma de Barcelona, Bellaterra, Spain, 2CIBER de Dia-
betes y Enfermedades Metabólicas Asociadas (CIBERDEM), Madrid, 
Spain.

Background and aims: Fibroblast growth factor 21 (FGF21) has 
become a promising therapeutic agent for the treatment of obesity 
and T2D. It has been described that FGF21 can act in different brain 
regions to regulate whole body metabolism. Here, we administered 
intra-cerebrospinal fluid (intra-CSF) AAV-FGF21 to explore whether 
brain-derived FGF21 gene therapy can control peripheral metabolism 
and counteract obesity and insulin resistance in animal models.
Materials and methods: Two-month-old C57Bl6 mice were fed 
either a chow or a HFD for 14 months. Animals were administered 
intra-CSF with adeno-associated viral (AAV) vectors carrying a 
murine FGF21 coding sequence (AAV-FGF21). Body weight and 
metabolic parameters were determined at different time points.
Results: Intra-CSF administration of AAV-FGF21 allowed specific 
overexpression of FGF21 in the CNS, without an increase in the cir-
culating levels of the hormone. In obese HFD-fed mice, AAV-FGF21 
treatment resulted in marked reductions of body weight, adiposity, and 
adipose tissue inflammation as well as reduced hepatic steatosis and 
fibrosis. Furthermore, the treated animals fully counteracted HFD-
induced insulin resistance, glucose intolerance and islet hyperplasia. 
All these metabolic improvements were parallel to enhanced energy 
expenditure resulting from FGF21 signalling in the CNS. The action of 
FGF21 in the hypothalamus most likely induced sympathetic outflow, 
which in turn activated non-shivering thermogenesis in brown adipose 
tissue and induced browning of subcutaneous white adipose tissue.
Conclusion: Altogether, these results point out the potential of AAV-
mediated gene transfer of FGF21 to the CNS to treat obesity and T2D 
and associated metabolic disorders.
Supported by: MINECO and FEDER, EU (SAF2017-86266R and 
PRE2018-084309) PID2020-113864RB-I00;2017 SGR1508; ICREA
Disclosure: I. Elias: None.
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Gpr75 knockout mice are protected against diet-induced obesity 
via reduced food intake and increased energy expenditure, inde-
pendent of non-shivering thermogenesis
T. Kroon1, D. Kakol-Palm1, J.  Vestlund2, I.  Ahlstedt1, S.  Wallin1, A. 
 Ahnmark1, B.  Zarrouki1, N.  Dekker2, A.  Johansson1, J.  Yanolatos3, 
D.  Baker4, C.J.  Rhodes5, M.  Sleeman3, J.  Altarejos3;
1Cardiovascular, Renal and Metabolism, BioPharmaceuticals R&D, 
AstraZeneca, Gothenburg, Sweden, 2Discovery Sciences, BioPhar-
maceuticals R&D, AstraZeneca, Gothenburg, Sweden, 3Regeneron 
Pharmaceuticals Inc., Tarrytown, NY, USA, 4Cardiovascular, Renal 
and Metabolism, BioPharmaceuticals R&D, AstraZeneca, Granta 
Park, UK, 5Cardiovascular, Renal and Metabolism, BioPharmaceu-
ticals R&D, AstraZeneca, Gaithersburg, MD, USA.

Background and aims: Several diseases are linked to obesity, includ-
ing diabetes and heart disease. Recently, protein-truncating variants of 
the CNS enriched orphan receptor GPR75 were found to be associated 
with leanness and protection against obesity in humans. Thus, inhibi-
tion of GPR75 has emerged as a novel anti-obesity target. Here we 
detailed the food intake in  GPR75-/- mice upon transition from chow 
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to high-fat diet (HFD) and also assessed if non-shivering thermogen-
esis (NST) contributes to the protection from diet-induced obesity in 
 GPR75-/- mice.
Materials and methods: High resolution, automated food intake 
and activity were assessed during the transition from chow to HFD 
in female  GPR75+/+ and  GPR75-/- mice for two weeks. Food intake 
and body weight were then followed during 18 weeks of HFD in 
mice housed at either room temperature (RT, 22°C) or thermoneu-
trality (TN, 30°C) with energy expenditure assessed at both ambient 
conditions.
Results:  GPR75-/- mice on chow diet, displayed similar caloric 
intake as  GPR75+/+ mice (9.5±0.3 vs. 9.5±0.2 kcal/day), along 
with similar levels of activity (203±11 vs. 194±9 vs. m/day). How-
ever, upon transition to HFD  GPR75-/- mice maintained an isoca-
loric ratio, whereas  GPR75+/+ mice increased their caloric intake 
by >50% (9.6±0.4 vs. 14.6±0.7 kcal/day, P < 0.001). Interestingly, 
on HFD the activity level was significantly higher in  GPR75-/- mice 
compared to  GPR75+/+ mice (178±9 vs. 147±5 m/day, P < 0.01). 
We hypothesized that elevated NST in  GPR75-/- mice may explain 
their protection from diet-induced obesity. However, after 18 weeks 
on HFD,  GPR75-/- mice weighed ~40% less compared to  GPR75+/+ 
mice, regardless of being housed at either RT (27.7±1.2 vs. 47.7±1.4 
g, P < 0.001) or TN (29.6±1.3 vs. 47.8±1.4 g, P < 0.001). Through-
out HFD,  GPR75-/- mice had reduced caloric intake compared to 
 GPR75+/+ mice (RT: 83.2±1.6 vs. 91.4±1.4 kcal/week, P < 0.01; 
TN: 62.2±1.0 vs. 75.0±1.0 kcal/week, P < 0.001). Notably, HFD-fed 
 GPR75-/- mice exhibited increased energy expenditure compared to 
 GPR75+/+ mice, both at RT and TN (RT: P < 0.001; TN: P = 0.017; 
ANCOVA regression analyses), and correlated with increased physi-
cal activity. Circulating ACTH, corticosterone and T4 levels were 
similar between genotypes, indicating that the elevated activity in 
the  GPR75-/- mice is not due to increased stress.
Conclusion: These results suggests that  GPR75-/- mice better senses 
the high energy content of HFD and adjusts food intake accord-
ingly, resulting in isocaloric ratios between chow and HFD. Moreo-
ver, HFD-fed  GPR75-/- mice exhibit increased activity compared to 
 GPR75+/+ mice, driving an increased energy expenditure. Our data 
also indicate that the protection from diet-induced obesity in the 
 GPR75-/- mice is independent of NST. Thus, inhibition of GPR75 may 
be coupled to avoidance of overnutrition and increased motivation 
for physical exercise, mechanisms primarily mediated via the brain.
Disclosure: T. Kroon: Employment/Consultancy; AstraZeneca.
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Impact of birthweight on macrovascular complications in type 2 
diabetes: a cohort study
A.A. Vaag1, A.L.  Hansen2, C. Brøns3, L.M.  Engelhard1, N.  Jessen4, 
J.S.  Nielsen5, P.  Vestergaard6, K. Højlund5, M.K.  Andersen7, T. 
 Hansen7, M.H.  Olsen8, H.T. Sørensen9, R.W.  Thomsen9;
1Lund University Diabetes Centre, Malmö, Sweden, 2Steno Diabetes 
Center Copenhagen, København Ø, Denmark, 3Clinical Research, 
Steno Diabetes Center Copenhagen, Herlev, Denmark, 4Steno Diabe-
tes Center Aarhus, Aarhus, Denmark, 5Steno Diabetes Center Odense, 
Odense, Denmark, 6Steno Diabetes Center North Denmark, Aalborg, 
Denmark, 7University of Copenhagen, Copenhagen, Denmark, 8Steno 
Diabetes Center Zealand, Holbæk, Denmark, 9DCE, Aarhus Univer-
sity Hospital, Aarhus, Denmark.

Background and aims: Low birthweight (BW) is a risk factor for 
type 2 diabetes (T2D) and has been associated with severer clinical 
presentation at disease onset, including markedly lower age at onset, 
less obesity, less family history of diabetes, and a higher prevalence 
of comorbidities. It is, unknown if lower BW increases risk of inci-
dent macrovascular complications and mortality after T2D diagnosis.
Materials and methods: Midwife records were traced for 6920 recently 
diagnosed patients (median age 62 years) in the Danish Center for Strate-
gic Research in T2D cohort. Participants were enrolled starting in 2010 
and followed for first occurrence of a composite endpoint of major car-
diovascular disease (CVD) (myocardial infarction, coronary revasculari-
zation, unstable angina, stroke, heart failure, peripheral revascularization, 
or cardiovascular death) and for all-cause mortality, using linkage to elec-
tronic health records available up to 2018. Adjusted hazard ratios (aHRs) 
were calculated comparing the lowest 25% of BW (<3000g) and highest 
25% of BW (>3700g), with BW of 3000-3700g as reference. Adjusted 
cumulative incidence curves with 3- and 5-year risks were estimated 
using G-computation with cause-specific Cox regression, accounting for 
the competing risk of non-cardiovascular death. Analyses were adjusted 
for sex, year of birth, family history of T2D, born-at-term, and lifestyle 
(smoking, alcohol, and physical activity).
Results: A total of 585 CVD events were recorded with median fol-
low-up of 4.6 years. Compared to participants with a BW of 3000-
3700g, a BW <3000g yielded a 5-year cumulative CVD incidence 
of 9.8% (95% CI, 7.9-11.6) (n=126 events) vs 9.1% (95% CI, 8.0-
10.1) (n=292 events) corresponding to an aHR of 1.08 (95% CI, 
0.85-1.38). The slight risk increase was driven primarily by periph-
eral revascularization; aHR = 1.55 (95% CI, 0.74-3.22) and cardio-
vascular death; aHR = 1.56 (95% CI, 0.85-2.85). Participants with 
BW >3700g had a 5-year cumulative incidence of 9.4% (95% CI, 
8.0-10.8) (n=167 events), corresponding to an aHR of 1.04 (95% 
CI, 0.86-1.26) compared to those with BW 3000-3700g, with a ten-
dency towards higher risk of heart failure; aHR = 1.28 (95% CI, 
0.86-1.91). For all-cause mortality, participants with a BW <3000g 
and BW 3000-3700 g had similar 5-year cumulative incidences of 
5.9% (95% CI, 4.5-7.3) vs 5.7% (95% CI, 4.9-6.5) corresponding to 
an aHR of 1.04 (95% CI, 0.77-1.41). Those with BW >3700g had a 
5-year cumulative incidence of 5.4% (95% CI, 4.4-6.5) and an aHR 
of 0.95 (95% CI, 0.75-1.21).
Conclusion: A BW <3000g compared with a BW of 3000-3700g 
was associated with a slightly and statistically imprecisely higher 
5-year risk of CVD. We observed 50-60% higher hazards of periph-
eral revascularization and cardiovascular death associated with BW 
<3000 g, but the estimates lacked statistical precision. All-cause mor-
tality was similar across BW categories. Follow-up data through 2022 
will be presented at EASD 2023.
Supported by: Novo Nordisk Foundation
Disclosure: A.A. Vaag: None.
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Associations of infant feeding patterns with adiposity in child-
hood: the Healthy Start study
C.C. Cohen, E.C. Francis, D.H. Glueck, K.K. Harrall, W. Perng, 
K.A. Sauder, K. Shankar, D. Dabelea;
University of Colorado Anschutz Medical Campus, Aurora, CO, USA.

Background and aims: The developmental origins theory proposes 
that early nutritional exposures, including the mode and patterns of 
infant feeding, may program susceptibility to obesity later in life; 
though, some observational studies have yielded inconsistent results. 
Our objective was to examine associations of breastfeeding (BF) and 
complementary feeding (CF) patterns in infancy with repeated meas-
ures of adiposity across childhood.
Materials and methods: Data were from 748 maternal-child dyads 
in the longitudinal Healthy Start Study. Duration and exclusivity of 
BF and age at introduction of solids/liquids other than breastmilk or 
formula were reported by maternal interview when offspring were 
6 and 18 months. Dyads were classified for three infant feeding 
practices, as follows: 1: exclusive BF duration (≥6 vs. <6 mo); 2: 
age at introduction of any complementary foods (<4, 4-<6, or ≥6 
mo); 3: age at introduction of soda (≥18 vs. <18 mo). Fat mass was 
assessed at two visits in childhood [median 5 years (early child-
hood) and median 9 years (middle childhood)] by air displacement 
plethysmography to calculate percent fat mass (%FM) (fat mass/
total weight). We used linear mixed models to assess whether infant 
feeding variables were associated with changes in %FM from 5 to 
9 years, as well as predicted mean differences for %FM at 5 and 9 
years, adjusted for confounders (sex, ethnicity, maternal age, edu-
cation, gestational smoking, pre-pregnancy BMI, and birth weight). 
Based on a priori knowledge, we also assessed the effects of CF 
practices stratified by BF group.
Results: The mean±SD for %FM was 19.7±6.9% at 5 years and 
18.1±10.5% at 9 years. In infancy, 43% of offspring were exclu-
sively BF for ≥6 months, 37% were introduced to any complemen-
tary foods at 4-<6 months, and 86% were introduced to soda at ≥18 
months. In mixed models, infant feeding practices were not associ-
ated with significant mean differences in %FM at 5 years. However, 
shorter BF duration and early soda introduction were associated 
with faster increases in %FM from 5 to 9 years and, thus, signifi-
cantly higher %FM at 9 years [adj. mean difference (95% CI) for 
%FM: +3.5% (1.3, 5.6) for exclusive BF <6 vs. ≥6 months; +6.9% 
(3.3, 10.5) for soda introduction <18 vs. ≥18 months]. Introduc-
tion of any complementary foods at <4 months was also associated 
with increased %FM at 9 years, but the confidence interval crossed 
the null [adj. mean difference (95% CI): +3.7% (-0.4, 7.7) for <4 
vs. 4-<6 months]. When stratified by BF group, the association of 
introducing soda at <18 months with %FM at 9 years was slightly 
greater among those exclusively BF <6 months vs. exclusively BF 
≥6 months [adj. mean difference (95% CI): +6.5% (2.1, 10.9) vs. 
+5.9% (-0.3, 12.2), respectively] (Figure 1).
Conclusion: Infant feeding patterns, especially shorter exclusive 
breastfeeding duration, early soda introduction, and their joint 
effect, may influence adiposity levels later in childhood and, thus, 
may be targeted for reducing overweight and obesity risk in youth.

Clinical Trial Registration Number: NCT02273297
Supported by: C.C.C. was supported by NIH grant no. 
F32-DK131757. The Healthy Start Study is supported by NIH grant 
no. R01-DK076648, UH3-OD023248, and R01-DK133235
Disclosure: C.C. Cohen: None.
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Asian population-based visceral adiposity indices outperform 
western population-based those as indicators of CKD in a Korean 
population
H. Kim, J. Jin, B. Ha, N. Kim, K.-G. Park;
Department of Internal Medicine, Kyungpook National University 
Hospital, Daegu, Republic of Korea.

Background and aims: The Chinese visceral adiposity index (CVAI) 
and new visceral adiposity index (NVAI) are novel indices of visceral 
adiposity used to predict metabolic and cardiovascular diseases in 
Asian populations. However, the relationships of CVAI and NVAI 
with chronic kidney disease (CKD) have not been investigated. We 
aimed to characterize the relationships of CVAI and NVAI with the 
prevalence of CKD in Korean adults.
Materials and methods: A total of 14,068 participants in the 7th Korea 
National Health and Nutrition Examination Survey (6,182 men and 
7,886 women) were included. Receiver operating characteristic (ROC) 
analyses were employed to compare the associations between indices 
of adiposity and CKD, and a logistic regression model was used to 
characterize the relationships of CVAI and NVAI with CKD prevalence.
Results: The areas under the ROC curves for CVAI and NVAI were 
significantly larger than for the other indices, including the visceral 
adiposity index and lipid accumulation product, in both men and 
women (all P<0.001). In addition, high CVAI or NVAI was signifi-
cantly associated with a high CKD prevalence in both men (odds 
ratio [OR], 2.14; 95% confidence interval [CI], 1.31 to 3.48 in CVAI 
and OR, 6.47; 95% CI, 2.91 to 14.38 in NVAI, P<0.05) and women 
(OR, 4.87; 95% CI, 1.85 to 12.79 in CVAI and OR, 3.03; 95% CI, 
1.35 to 6.82 in NVAI, P<0.05); this association remained significant 
after adjustment for multiple confounding factors in men and women.



S165Diabetologia (2023) 66 (Suppl 1):S1–S536 

1 3

Conclusion: CVAI and NVAI are positively associated with CKD 
prevalence in a Korean population. CVAI and NVAI may be useful for 
the identification of CKD in Asian populations, including in Korea.

Disclosure: H. Kim: None.
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Metabolic syndrome in people living with type 1 diabetes in 
Belgium
A. Lavens1, P.  Oriot2, J.-C.  Philips3, A.  Verhaegen4, C. De  Block4, 
F.  Nobels5, C.  Mathieu6, on behalf of the IQED Group of Experts;
1Sciensano, Brussels, Belgium, 2Mouscron Hospital Centre, Mous-
cron, Belgium, 3CHU Liège, Liège, Belgium, 4Antwerp University 
Hospital, Antwerp, Belgium, 5OLV Aalst, Aalst, Belgium, 6Univer-
sity Hospitals Leuven, Leuven, Belgium.

Background and aims: Metabolic syndrome, a hallmark of type 
2 diabetes, is increasingly identified in people living with type 1 
diabetes (T1D). The Initiative for the Promotion of Quality and Epi-
demiology of Diabetes Mellitus (IQED) is a quality control system 
imposed by the Belgian health insurance system systematically col-
lecting since 2001 data from a random sample (10%) of all patients on 
intensive insulin therapy treated in all 102 specialized diabetes clinics 
of Belgium. The aim of this cross-sectional, real-life observational 
study was to investigate the prevalence of metabolic syndrome (MS) 
and complications in adults with T1D.
Materials and methods: We analyzed IQED data on adults with 
T1D, diagnosed aged ≤45 years, collected between 2016 and 2021. 
Metabolic syndrome was defined as presence of 2 or more of the 
following conditions: obesity (>30 kg/m2), hypertension (≥140/90 
mmHg or treatment with anti-hypertensive drugs), albuminuria 
(>30 mg/dl), or dyslipidemia (TG ≥150 or HDL <40 mg/dl (<50 in 
women), or treatment with lipid lowering drugs). Observed values are 
expressed as proportion [95%CI], as mean [±SD], or median [IQR]. 
Statistical significance between patients in the MS and the NoMS 
group was tested using t-tests, Chi-squared and Kruskal-Wallis tests. 
The p values were adjusted for age, diabetes duration, sex and year 
using Generalized Estimating Equations (SAS9.4) with Tukey pair-
wise comparison.
Results: MS was present in 39 % (38-40) of the patients. The patient 
characteristics are shown in Table 1.
Conclusion: In Belgium, metabolic syndrome in identified in almost 
40% of the T1D patients. These patients are older, have a higher age 
at diagnosis and a longer diabetes duration and were more often male. 
They have a higher prevalence of complications compared to those 
without MS.

Disclosure: A. Lavens: None.
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Prevalence of obesity in people living with type 1 diabetes across 
countries: an IMI2 SOPHIA analysis of data from Belgium, 
Kuwait, and Mexico
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eda-Valdes3, N. Antonio-Villa4, C.  Delfin5, R.  Faradji6, J.  Rosen7, J. 
 Soderberg8, T. Sparsø5, N.  Steenackers1, C.  Mathieu1,9, B. Van der 
 Schueren1,9, C. Le  Roux1,9;
1Clinical and Experimental Endocrinology, KU Leuven, Leuven, 
Belgium, 2Clinical Research and Clinical Trials, Dasman Diabetes 
Institute, Dasman, Kuwait, 3Endocrinology and Metabolism, National 
Institute of Medical Sciences and Nutirion Salvador Zubiran, Mexico 
City, Mexico, 4Endocrinology, National Institute of Cardiology Igna-
cio Chavez, Mexico City, Mexico, 5Pharmacometrics, Novo Nordisk 
A/S, Søborg, Denmark, 6Endocrinology and Diabetes, Medical Centre 
ABC, Mexico City, Mexico, 7JDRF International, New York, NY, 
USA, 8JDRF, Stockholm, Sweden, 9Endocrinology, University Hos-
pitals Leuven, Leuven, Belgium.

Background and aims: There is a worldwide rise in obesity preva-
lence, even in people living with type 1 diabetes (T1D). Although 
country-specific is still heterogeneous. To accurately analyze the 
relationship between obesity and T1D and to determine the priority 
of global action, current data is required.
Materials and methods: The prevalence of obesity in people liv-
ing with T1D and the general population from Belgium, Kuwait, 
and Mexico was analyzed using propensity score matching on age, 
sex, and geographical region (only in Mexico). The body mass index 
(BMI) was used to categorize into four groups: <18.5, 18.5-24.9, 
25-29.9, and ≥ 30 kg/m2 and reported per country. Spearman cor-
relation was calculated to measure the association between HbA1c 
and BMI. Complete-case analysis was used.
Results: After matching, 1008 people were analyzed for Belgium, 
1064 for Kuwait and 825 for Mexico in each group (T1D vs general 
population). Mean age and SD were 47.32±17.37 years and 52.6% 
women, 30.40±10.07 and 54.5%, 33.82±10.83 and 60.12% respec-
tively per country. Among people living with T1D, the prevalence of 
obesity was highest in Kuwait (23.9%), followed by Belgium (11.9%), 
and Mexico (9.0%)-Figure 1. There was no significant association of 
HbA1c and BMI in Belgium (0.05; 95%CI -0.02 to 0.12; p=0.15) nor 
Kuwait (-0.03; 95%CI -0.09 to 0.03 p=0.33), and negatively associated 
in Mexico (-0.12; 95%CI−0.18 to−0.05; p<0.001). For the general 
population, the prevalence of obesity was highest in Kuwait (39.0%), 
followed by Mexico (32.6%), and Belgium (14.1%)-Figure 1. There 
was a positive association for HbA1c in Belgium (0.28; 95%CI 0.22 
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to 0.34; p<0.0001), Kuwait (0.33; 95%CI 0.28 to 0.38; p<0.0001) and 
Mexico (0.24; 95% CI 0.17 to 0.30; p<0.0001).
Conclusion: Although obesity prevalence varies between countries, 
we find that obesity is common in people living with T1D. The health 
risk of obesity might further complicate the lives of people living 
with T1D, which underlines the urgent need to address obesity in 
T1D. However, it does not seem to have an effect on glycemic con-
trol in the population with T1D while for the general population the 
higher the BMI, the higher the HbA1c.

Supported by: This abstract is part of the Stratification of Obesity 
Phenotypes to Optimize Future Obesity Therapy (SOPHIA) project 
(www.imisophia.eu).
Disclosure: S. Pazmino: None.
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Effect of body weight on glycaemic indices in patients with type 
1 diabetes using continuous glucose monitoring
S. Tigas1, P.  Christou1, G.  Markozannes2, A.  Siolos1, D.  Katsarou3, 
E.  Georga3, D.  Fotiadis3, M.  Christou1;
1Department of Endocrinology, University Hospital of Ioannina, 
Ioannina, Greece, 2Department of Hygiene and Epidemiology, Medi-
cal School, University of Ioannina, Ioannina, Greece, 3Unit of Medi-
cal Technology and Intelligent Information Systems, Department of 
Materials Science and Engineering, University of Ioannina, Ioannina, 
Greece.

Background and aims: An increasing prevalence of obesity has been 
observed in patients with type 1 diabetes (T1D) in recent years. The 
aim of this study was to assess the effect of body weight on glycaemic 
indices in patients with T1D using continuous glucose monitoring 
(CGM).
Materials and methods: Adult patients with T1D using CGM and fol-
lowed-up at a tertiary diabetes center were included in the study. Body mass 
index (BMI), waist circumference (WC), waist-height ratio (WHtR) and the 
following glycaemic indices were recorded: glycated haemoglobin (A1c), 
glucose management index (GMI), glycaemic variability, average glucose, 
time in range (TIR, 70-180mg/dl), time below range  (TBR70, <70mg/dl 
and  TBR54, <54mg/dl), and time above range (TAR 180, >180mg/dl and 
TAR 250, >250mg/dl). Comparison of glycaemic indices according to BMI 
(normal weight, overweight, obese) was performed, as well as correlation 
analysis and linear regression [adjusting for gender, age, diabetes duration, 
type of insulin therapy, insulin total daily dose (TDD)/kg] to estimate the 
association of BMI with glycaemic indices. Results are presented as number 
(percentage), mean (standard deviation), or median (range).
Results: 71 adults (63% men) with T1D were included of which 31 
(44%) were normal weight, 25 (35%) overweight, and 15 (21%) obese. 
Median age was 38 years (18-72), diabetes duration 19 years (11), and 
19 (27%) used continuous subcutaneous insulin infusion. BMI was 
25.7 kg/m2 (18.5-43.3), WC in men 93 cm (13), WC in women 75 
cm (64-128), WHtR≥0.5 in 40 (57%), TDD/kg was 0.62 IU/kg (0.17-
1.09), and A1c 7.2% (5.6-10). CGM derived glycaemic indices were 
as follows: GMI 6.9% (5.7-8.9), glycaemic variability 39.7% (6.6), 

average glucose 149 mg/dl (101-235), TIR 63% (14),  TBR70 4% (0-16), 
 TBR54 1% (0-11), TAR 180 21% (7), and TAR 250 6% (0-40). Regarding 
percentage of achievement of optimal glycaemic targets, Α1c<7% and 
GMI<7% were observed in 32% and 55%, respectively, TIR>70% in 
27%,  TBR70<4% in 38%,  TBR54<1% in 45%, TAR 180<25% in 75%, 
and TAR 250<5% in 34%. The glycaemic indices between normal 
weight, overweight or obese patients were similar (p-value=ns). BMI 
was negatively correlated with A1c (r=-0.247, p-value=0.038), average 
glucose (r=-0.285, p-value=0.016), GMI (r=-0.280, p-value=0.018), 
and TAR 250 (r=-0.265, p-value=0.025). Linear regression revealed 
that BMI predicted average glucose (β=-1.614, p-value=0.045), GMI 
(β=-0.038, p-value=0.009), TIR (β=-0.638, p-value=0.025), TAR 180 
(β=-0.326, p-value=0.034), and TAR 250 (β=-0.537, p-value=0.012).
Conclusion: A significant percentage of adults with T1D are over-
weight or obese. No difference was observed in glycaemic indices or 
in the percentage of achievement of optimal glycaemic targets between 
normal weight, overweight or obese patients. Better glycaemic control 
was positively associated with BMI. Interventions aiming at achieve-
ment of glycaemic targets should be accompanied by appropriate advice 
and support to maintain optimal body weight in patients with T1D.
Disclosure: S. Tigas: None.

315
Association of body composition with glucose metrics in patients 
hospitalised with community-aquired pneumonia
M. Olsen1, A.  Dungu2, C. Ryrsø2, M.  Hegelund2, A.  Jensen2, R. 
Krogh-Madsen3, D. Faurholt-Jepsen4, P.  Kristensen1, B.  Lindegaard2;
1Department of Endocrinology and Nephrology, Copenhagen Univer-
sity Hospital – North Zealand, Hilleroed, Denmark, 2Department of 
Pulmonary and Infectious Diseases, Copenhagen University Hospi-
tal – North Zealand, Hilleroed, Denmark, 3Department of Infectious 
Diseases, Copenhagen University Hospital – Hvidovre, Hvidovre, 
Denmark, 4Department of Infectious Diseases, Copenhagen Univer-
sity Hospital – Rigshospitalet, Copenhagen, Denmark.

Background and aims: In-hospital dysglycemia is a risk factor for 
adverse outcomes in patients with community-acquired pneumonia 
(CAP). We assess the associations between body composition metrics 
and glucose metrics in patients hospitalised with CAP.
Materials and methods: We enrolled 632 patients with CAP in a prospec-
tive cohort study at Copenhagen University Hospital - North Zealand, 
Denmark, between January 2019 and November 2022. Primary outcomes 
were the association between body composition metrics and admission 
p-glucose and glycemic gap. Secondary outcomes were fasting p-glucose, 
2-hour p-glucose after an oral glucose tolerance test (OGTT), and in a 
subset (n=72) of patients with type 2 diabetes mellitus (T2DM), the coef-
ficient of variation (CV) during admission from point-of-care glucose 
measurements. Body composition metrics were body mass index (BMI), 
waist-to-height ratio, fat mass index from bioimpedance analysis (BIA), 
and phase angle from BIA. All associations were modelled by linear mod-
els adjusted for age, sex, CURB-65 score (as measure of CAP severity), 
diabetes status, and glucocorticoid treatment. A subset of patients (n=53) 
wore a Dexcom G6 continuous glucose monitors (CGM) during admission 
(n=23 with T2DM).
Results: No associations were found between body composition metrics 
and outcomes admission p-glucose, glycemic gap, CV, or 2-hour p-glu-
cose following OGTT, all p>0.05. However, each 0.1 increase in waist-
to-hight ratio was associated with increasing fasting p-glucose of 0.24 
(95%CI 0.08 to 0.39) mmol/l, p = 0.003. In patients wearing CGM, each 
increase in fat mass index increased time in range with 2.00 % points 
(95%CI 0.33 to 3.66), p=0.025 and decreased glycemic variability meas-
ured by standard deviation by 0.083 (95%CI 0.021 to 0.145), p = 0.013 
and time above range of 1.78 % points (95%CI 0.14 to 3.41), p=0.041.

http://www.imisophia.eu
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Conclusion: No associations were found between body composition 
and admission p-glucose or glycemic gap. Central obesity measured 
as waist to hight ratio is associated with increasing fasting p-glucose 
in hospitalised patients with CAP. Fat mass index is positively asso-
ciated with time in range and glycaemic variability and negatively 
associated with time above range.
Clinical Trial Registration Number: NCT03795662
Supported by: NNF
Disclosure: M. Olsen: None.
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Body mass index history and mortality among persons with 
recently diagnosed type 2 diabetes
S.F. Kristoffersen1, J.  Tarp2, S.L.  Domazet1,2, D.  Christensen2, 
J.V.  Stidsen1, J.  Rungby3, C. Brøns3, K. Højlund1, N.  Jessen4, P. 
 Vestergaard5, T.  Hansen6, M.H.  Olsen7, A.  Vaag3,8, J.S.  Nielsen1, 
R.W.  Thomsen2;
1Steno Diabetes Center Odense, Odense University Hospital, Odense, 
Denmark, 2Department of Clinical Epidemiology, Aarhus University 
& Aarhus University Hospital, Aarhus, Denmark, 3Steno Diabetes 
Center Copenhagen, Herlev Hospital, Herlev, Denmark, 4Steno Dia-
betes Center Aarhus, Aarhus University Hospital, Aarhus, Denmark, 
5Steno Diabetes Center North Denmark, Aalborg Hospital, Aalborg, 
Denmark, 6Novo Nordisk Foundation Center for Basic Metabolic 
Research, Faculty of Health and Medical Sciences, University of 
Copenhagen, Copenhagen, Denmark, 7Department of Internal Medi-
cine & Steno Diabetes Center Zealand, Holbæk Hospital, Holbæk, 
Denmark, 8Lund University, Malmö, Sweden.

Background and aims: The association of historical BMI with longe- 
vity among persons with type 2 diabetes (T2D) is scarcely understood. 
Any adverse prognostic impact of high BMI at T2D diagnosis may be 
biased downwards by lower BMI being related to recent weight loss due 
to e.g., falling insulin secretion and undetected comorbidity. We com-
pared associations of self-reported BMI at age 20 years, self-reported 
highest lifetime BMI, and BMI at diabetes diagnosis with mortality.
Materials and methods: We included 4,703 persons with recently 
diagnosed T2D enrolled in the Danish Centre for Strategic Research 
in Type 2 Diabetes (DD2) cohort. BMI was categorized as normal 
weight (NW, 18.5-25 kg/m2), overweight (OW, 25-30 kg/m2), obesity-
I (OB-I, 30-35 kg/m2), and obesity-II (OB-II, >35 kg/m2). We fol-
lowed all patients in the registers from DD2 enrolment until the exact 
date of death, emigration, or end of follow-up. Using Cox regression, 

we estimate hazard ratios as a measure of mortality rate ratio (MMR) 
adjusted for sex, age, smoking, alcohol intake, family history of T2D, 
patient enrolment site, and Charlson Comorbidity Index using NW 
as reference.
Results: We observed 263 deaths (5.6%) during a median of 4.4 years 
of follow-up. For BMI at age 20 years, MMRs (95% confidence interval 
(CI)) were 1.28 (0.92, 1.76), 1.01 (0.47, 2.17), and 2.99 (1.44, 6.18) for 
OW, OB-I, and OB-II, respectively. MMRs for highest lifetime BMI 
were 1.54 (0.79, 3.01), 1.39 (0.71, 2.71), and 2.11 (1.09, 4.08), and 
MMRs for BMI at diabetes diagnosis were 0.86 (0.58, 1.27), 1.03 (0.69, 
1.53), and 1.41 (0.92, 2.15). Modelling BMI at diabetes diagnosis as 
a continuous variable yielded a non-linear J-shaped association with 
all-cause mortality. In contrast, there was a strictly linear association 
of highest lifetime BMI with mortality (Figure 1).
Conclusion: Among persons with recently diagnosed T2D, mortality 
associations differed for BMI measured at different time points in life. 
This has implications for the interpretation of the prognostic impact of 
BMI at diabetes diagnosis and the clinical guidance associated here-
with. All-cause mortality was particularly increased with severe obesity 
(BMI>35 kg/m2), with the highest MMRs observed for BMI at age 20 
years and highest lifetime BMI.

Supported by: NNF, DDA, SST, Danish Agency for Science
Disclosure: S.F. Kristoffersen: None.
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Cardiorespiratory fitness, obesity, diabetes and longevity: a two-
sample Mendelian randomisation study
A.D. Kjaergaard1,2, C.  Ellervik3,4, N.  Jessen1,5, S.J.  Lessard2,6;
1Steno Diabetes Center Aarhus, Aarhus N, Denmark, 2Joslin Diabe-
tes Center, Boston, MA, USA, 3Department of Clinical Medicine, 
Copenhagen, Denmark, 4Department of Pathology, Harvard Medi-
cal School, Boston, MA, USA, 5Department of Clinical Medicine, 
Aarhus University, Aarhus, Denmark, 6Department of Medicine, 
Harvard Medical School, Boston, MA, USA.

Background and aims: Maximal oxygen consumption  (VO2max) 
has emerged as a key predictor of morbidity and mortality. However, 
causality and directionality of its associations with body composition, 
diabetes, physical activity (PA), performance enhancers and longevity 
are unclear. We aimed to address these uncertainties.
Materials and methods: Using publicly available summary statistics 
from the largest genome-wide association studies publicly available, 
we conducted a bidirectional two-sample Mendelian randomization 
(MR) study. Univariable and multivariable MR (MVMR) analy-
ses were performed to estimate the total and direct causal effects. 
 VO2max was estimated  (eVO2max) from a submaximal cycle ramp 
test (N≈90,000) and corrected for body weight (kg).
Results: Genetically high body fat % was associated with decreased 
 eVO2max (β=-0.36 [95% CI: -0.40,-0.32], p=6E-77). Meanwhile, 
genetically high appendicular lean mass (ALM, 0.10 [0.08,0.13] 
p=3E-16), PA (0.29 [0.07,0.52]), and performance enhancers (fasting 
insulin, free testosterone in men, and hematocrit) were all positively 
associated with  eVO2max (all p<0.01). The pairwise associations 
between body composition, PA and  eVO2max were bidirectional, 
illustrating their conjoined nature. Genetic predisposition to diabetes 
had no effect on  eVO2max. MVMR showed that the causal effects of 
body fat %, ALM, PA and hematocrit on  eVO2max were independent 
of each other. While body fat %, ALM, diabetes, fasting insulin and 
PA were causally associated with longevity,  eVO2max was not. In 
MVMR analyses, adjusting for other causes abrogated the associa-
tions of ALM and fasting insulin with longevity.
Conclusion:  VO2max can be improved by favorable body composition, 
PA, and performance enhancers. Furthermore, our findings support a 
direct causal link from body fat %, diabetes, and PA to longevity.

Supported by: NNF22OC0076023
Disclosure: A.D. Kjaergaard: None.
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The effect of preprandial versus postprandial physical activity on 
glycaemia: systematic review and meta-analysis of human inter-
vention studies
R. Slebe1,2, E.  Wenker1, L.J.  Schoonmade3, E.J.  Bouman1,2, D.P. 
 Blondin4,5, D.J.T.  Campbell6, A.C.  Carpentier4,7, J.  Hoeks8, P. 
 Raina9,10, P.  Schrauwen8, M.J.  Serlie11,12, D.  Stenvers11,12, R. de 
 Mutsert13, J.W.J.  Beulens1,14, F.  Rutters1,2;
1Epidemiology and Data Sciences, Amsterdam UMC, location Vrije 
Universiteit Amsterdam, Amsterdam, Netherlands, 2Amsterdam Public 
Health, Health Behaviours & Chronic Diseases, Amsterdam, Nether-
lands, 3University Library, Vrije Universiteit Amsterdam, Amsterdam, 
Netherlands, 4Centre de Recherche du Centre Hospitalier Universitaire 
de Sherbrooke, Sherbrooke, QC, Canada, 5Medicine, Division of Neu-
rology, Université de Sherbrooke, Sherbrooke, QC, Canada, 6Depart-
ment of Medicine, Department of Community Health Sciences and 
Department of Cardiac Sciences, University of Calgary Cumming 
School of Medicine, Calgary, AB, Canada, 7Medicine, Division of 
Endocrinology, Université de Sherbrooke, Sherbrooke, QC, Canada, 
8Nutrition and Movement Sciences, Maastricht University, Maas-
tricht, Netherlands, 9Health Research Methods, Evidence and Impact, 
McMaster University, Hamilton, ON, Canada, 10McMaster Institute 
for Research on Aging, McMaster University, Hamilton, ON, Canada, 
11Endocrinology and Metabolism, Amsterdam UMC, location Vrije 
Universiteit Amsterdam, Amsterdam, Netherlands, 12Amsterdam Gas-
troenterology Endocrinology Metabolism, Amsterdam, Netherlands, 
13Clinical Epidemiology, Leiden University Medical Center, Leiden, 
Netherlands, 14Julius Centre for Health Sciences and Primary Care, 
University Medical Centre Utrecht, Utrecht, Netherlands.

Background and aims: The timing of physical activity (PA) relative to 
meal intake seems to influence glycaemia, however, no meta-analysis 
has been perform to directly compare preprandial PA with postpran-
dial PA. Therefore, the TIMED consortium performed this systematic 
review and meta-analysis to assess the effect of preprandial PA versus 
postprandial PA on glycaemia in human intervention studies.
Materials and methods: MEDLINE and Embase. com were searched 
till September 2021 for intervention studies in the general adult popu-
lation, directly comparing preprandial PA versus postprandial PA on 
glycaemic measures. Methodological quality was assessed by two inde-
pendent reviewers and results were meta-analyzed using pooled mean 
differences in a random-effects analysis or qualitatively described.
Results: Of 23,308 publications screened using ASReview, 25 
were included in this review, consisting of 18 acute response stud-
ies and 7 RCTs over multiple weeks. Methodological quality was 
strong (n=10), moderate (n=11) or weak (n=4). In acute response 
studies, postprandial outcomes followed the expected physiological 
patterns (e.g. following meal intake), while outcomes measured 
over 24h showed no significant associations. For the RCTs over 
multiple weeks, glucose AUC during an OGTT was slightly, but 
not significantly lower in preprandial PA vs postprandial PA (-0.29 
mmol/L [95%CI -0.66; 0.08]  I2=64.36%). Sensitivity analyses did 
not significantly change the outcomes.
Conclusion: This study showed no differences between preprandial 
PA versus postprandial PA on glycaemia. Longer-term RCTs showed 
a non-significant potential beneficial effect of preprandial PA. How-
ever, more homogeneous high quality long-term RCTs with large 
populations are needed to strengthen the current evidence.
Supported by: ZonMw (459001021), Diabetes Fonds (2019.11.101), 
CIHR (TNC-174963) and Health-Holland (LSHM20107)
Disclosure: R. Slebe: None.
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Occupational physical activity and sedentary behaviour, and 
10-year incidence of type 2 diabetes: a population-based cohort 
study
M. Brännholm Syrjälä, M. Fortuin-De Smidt, F. Bergman, M. Nor-
dendahl, J. Otten, R. Renklint, O. Rolandsson, P. Wennberg;
Public Health and Clinical Medicine, Umeå University, Umeå, Sweden.

Background and aims: The beneficial effects of structured exercise for 
preventing type 2 diabetes are well known. At the same time our society 
has become more sedentary as desk work, commuting by car and recrea-
tional screen time increases. Prolonged sitting is associated with increased 
risk of type 2 diabetes. Further, many workplaces today are major con-
tributors to excessive sitting. Also, whether occupational physical activity 
and sedentary behaviour are associated with risk of diabetes is still not 
fully understood. The aim of this study is to investigate the association 
of occupational physical activity and sedentary behaviour with 10-year 
diabetes incidence in a general adult population in Northern Sweden.
Materials and methods: This population-based cohort study included 
41,169 individuals (53% women; 47% men) aged 28 to 62 years who 
participated in a health promotion program, the Västerbotten Intervention 
Programme (VIP), at two occasions between 1990 and 2022. Diabetes-
free participants at the first visit were followed approximately 10 years for 
incident type 2 diabetes based on oral glucose tolerance test, self-reported 
diabetes or register-based diagnosis. Occupational physical activity and 
sedentary behaviour were assessed by the question: Indicate the alterna-
tive that best describes your work: a) Sedentary or standing, b) Light but 
partly physically active, c) Light and physically active, d) Sometimes 
physically straining or e) Physically straining most of the time. Odds ratio 
(OR) and 95% confidence interval (CI) for incident type 2 diabetes risk 
was calculated using multivariable logistic regression analyses, adjusting 
for potential confounders (age, sex, smoking, education level, family his-
tory of diabetes, intake of fruit and vegetables and leisure-time physical 
activity) and mediators (BMI, HDL-cholesterol, systolic blood pressure).
Results: Preliminary findings showed that individuals who developed type 
2 diabetes were older, had higher blood pressure, BMI, total cholesterol, 
HDL-cholesterol and triglycerides. Moreover, they were more often men, 
smokers, had lower education, a family history of diabetes, less physical 
activity during leisure-time, and more frequently on lipid lowering and 
antihypertensive medication. Sitting or standing work, compared with light 
and physically active work, was associated with an increased risk of inci-
dent diabetes type 2 after adjustment for potential confounders (OR 1.22, 
95% CI 1.05-1.42). The association was attenuated and no longer signifi-
cant after adjustment for potential mediators (OR 1.03, 95% CI 0.78-1.37).
Conclusion: Having a sedentary and standing occupation, compared 
with light and physically active work, was associated with increased 
risk of type 2 diabetes. This association seemed to be mainly medi-
ated by cardiometabolic risk factors. This study contributes towards 
a better understanding of how occupational physical activity and 
sedentary behaviour may influence type 2 diabetes risk in a general 
Swedish population. Consequently, this knowledge may be used to 
inform policy guidelines for healthier workplaces.
Supported by: the Northern county council’s regional federation 
Sweden
Disclosure: M. Brännholm Syrjälä: None.
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Does better cardiorespiratory fitness increase the chance of a par-
tial clinical remission among adults with type 1 diabetes?
J. Flotyńska, D. Naskręt, P. Niedźwiecki, A. Grzelka-Woźniak, A. 
Kaczmarek, A. Pypeć, A. Cieluch, D. Zozulińska-Ziółkiewicz, A. 
Uruska;
Department of Internal Medicine and Diabetology, Poznan University 
of Medical Sciences, Poznan, Poland.

Background and aims: An essential process affecting the course 
of type 1 diabetes (DM1) is the appearance and duration of clinical 
remission. There are many factors that promote remission and influ-
ence positively the course of the disease. One of the most important is 
physical activity. Maximal oxygen capacity  (VO2max) is an objective 
measure of the body’s aerobic capacity. To assess  VO2max, oxygen 
uptake should be measured directly during the exercise test. The aim: 
Evaluation of physical capacity in adults with DM1 and its relation-
ship with the occurrence of partial clinical remission (pCR) during two 
years follow-up (DIAB1FIT STUDY). H1: The greater the physical 
capacity at the beginning of DM1, the greater the chance of remission.
Materials and methods: Participants were recruited during 2 years 
(2019-2021) and observed from diagnosis. The inclusion criteria 
were: age above 18 years old, newly diagnosed DM1 confirmed with 
antibodies, whereas the exclusion criteria were: CRP>5mg/l, unsta-
ble hypo/hyperthyroidism (TSH beyond normal range), other endo-
crinological disorders, contagious diseases, renal or liver diseases, 
pregnancy, antineoplastic therapy in less than 2 years and any psycho-
logical or psychiatric disorder. Everyone was treated with functional 
intensive insulin therapy from the onset of diabetes. The pCR was 
assessed by the following mathematical formula: HbA1c (%) + [4 
x insulin dose (U / kg / d)]. The result ≤ 9 indicates pCR.  VO2max 
was assessed between  6th and  24th month of diabetes duration using 
an ergospirometer (COSMED K5 System), during an exercise test 
carried out on a cycloergometer (RAMP incremental exercise test).
Results: The study group consisted of 32 adults (4 women and 28 
men) with DM1, aged 27 (22.0-30.5) years and with HbA1c 6.9 (6.1-
7.5) % - at the time of the exercise test. People with pCR were proved 
to have higher  VO2max level (36.0 [33.0-41.5] vs. 30.9 [26.5-34.4] 
ml/min/kg, p=0.009), lower glucose level before exercise (134 [101-
183] vs. 210 [149-227] mg/dl, p=0.020) and at the top of exercise 
(140 [113-160] vs. 183 [145-227] mg/dl, p=0.044). Univariate and 
multivariate regression confirmed a significant association between 
 VO2max and presence of pCR, independent of age, sex, BMI and 
smoking (AOR 1.26 [1.05-1.52], 0.015).
Conclusion: The higher VO2max, the bigger chance of partial clini-
cal remission at two years of type 1 diabetes. Therefore, the results 
presented in this study confirmed the importance of physical activity 
in promoting partial clinical remission.
Clinical Trial Registration Number: NCT04968171
Supported by: Diabetes Poland Grant
Disclosure: J. Flotyńska: Grants; Diabetes Poland Grant.
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Updated cardiovascular health metrics adding sleep health and 
incident diabetes and cardiovascular events in older adults with 
prediabetes
S. Han, K. Ha, D. Kim, J. Jeon, K.-W. Lee;
Ajou University School of Medicine, Suwon, Republic of Korea.

Background and aims: It is not clear whether ideal cardiovascular 
health (CVH) metrics including sleep health could prevent the develop-
ment of diabetes and cardiovascular events in older adults with predia-
betes. We investigated the association of updated CVH metrics adding 
sleep health with the risk of diabetes and major adverse cardiovascular 
event (MACE) in older adults with prediabetes.
Materials and methods: Using the Korean National Health Insurance 
Service-National Sample Cohort, we identified 7,948 older adults with pre-
diabetes aged ≥65 years (mean age, 72.1 years; men, 44.8%) in 2006-2008. 
Prediabetes was defined as a fasting glucose level 100-125 mg/dL without 
a history of diabetes. CVH was assessed with 7 baseline metrics: smoking 
status, physical activity, diet, body mass index, blood pressure, total choles-
terol, and sleep health according to the modified American Heart Associa-
tion’s recommendations. The composite CVH score was categorized into 
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poor, intermediate, or ideal. A Cox proportional hazards model was used 
to assess the association between the CVH metrics and risk of incident dia-
betes and MACE using hazard ratios (HRs) and 95% confidence intervals 
(CIs), after adjusting for sex, age, index year, household income, fasting 
glucose, use of anti–platelet drugs and history of comorbidities.
Results: During a median follow-up time of 11.9 years, 2,405 dia-
betes and 2,039 MACEs were recorded (3.4 and 2.6 per 100 person-
years, respectively). Compared to the poor composite CVH metrics 
group, the multivariable-adjusted HRs (95% CI; P value) for diabetes 
events were 0.87 (0.78-0.96; 0.008) and 0.72 (0.65-0.79; <0.001) in 
the intermediate and ideal composite CVH metrics groups, respec-
tively. The corresponding HRs (95% CI) for MACE events were 0.99 
(0.88-1.11; 0.847) and 0.88 (0.79-0.97; 0.012).
Conclusion: Having ideal composite CVH metrics score in older adults with 
prediabetes was associated with lower risks of diabetes and MACE. Our 
finding suggests that maintaining ideal CVH metrics in older adults with 
prediabetes may reduce development of diabetes and cardiovascular events.
Supported by: NRF-2022R1F1A1064336
Disclosure: S. Han: None.
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Metabolic profiling of smoking, associations with type 2 diabetes 
and interaction with genetic susceptibility
Y. Wei, S. Carlsson;
Karolinska Institutet, Stockholm, Sweden.

Background and aims: Smokers are at increased risk of type 2 dia-
betes, but the underlying mechanisms are unclear. We investigated if 
the association between smoking and type 2 diabetes is mediated by 
alterations in the metabolome and assessed potential interaction with 
genetic susceptibility to diabetes or insulin resistance.
Materials and methods: In UK biobank (n=93,722), cross-sectional 
analyses identified 208 metabolites associated with smoking, of 
which 131, including glycoprotein acetyls, fatty acids, and lipids, 
were confirmed in Mendelian Randomization analyses. Elastic net 
regression was applied to create a smoking-related metabolic signa-
ture. We estimated HR (95% CI) of incident type 2 diabetes in relation 
to smoking and its metabolic signature and calculated the proportion 
mediated. Additive interaction between the signature and genetic risk 
scores for type 2 diabetes (GRS-T2D) and insulin resistance (GRS-
IR) was assessed as relative excess risk due to interaction (RERI).
Results: The HR of diabetes was 1.73 (95% CI: 1.54-1.94) for cur-
rent versus never smoking, 38.3% of which was mediated through 
the metabolic signature. Those with high vs. low levels of the 
smoking-related metabolic signature had higher incidence of dia-
betes (HR: 1.61, CI 1.46-1.77), and there was interaction between 
the metabolic signature and GRS-T2D (RERI: 0.81, CI: 0.23-1.38) 
and GRS-IR (RERI 0.47, CI: 0.02-0.92) on diabetes incidence.
Conclusion: The increased risk of type 2 diabetes in smokers may be 
mediated through effects on the metabolome, and the influence of such 
metabolic alterations on diabetes risk may be amplified in individuals 
with genetic susceptibility to type 2 diabetes or insulin resistance.
Supported by: the Swedish Research Council, FORTE, Novo Nordisk 
Foundation, CSC
Disclosure: Y. Wei: None.
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Lifestyle profiles are linked to gut microbiota for different car-
diometabolic profiles in the MetaCardis study
S. Adriouch, E. Belda, E. Prifti, J.-D. Zucker, K. Clément;
Sorbonne Université, INSERM, Nutrition and obesities; systemic 
approaches (NutriOmics), Paris, France.

Background and aims: Decreased metagenomic richness, an indi-
cator of microbiome health, and changes in microbiota composition 
are common phenotypes in chronic nutrition-related diseases, such 
as diabetes or obesity. However, the specific links between different 
dietary and lifestyle profiles and these microbial phenotypes remain 
to be clarified.
Materials and methods: Using different statistical models, we performed 
quantitative metagenomic and lifestyle analyzes in 1643 people from the 
European MetaCardis cross-sectional cohort, for whom we had long-term 
diet and lifestyle data (food frequency questionnaire validated in 3 Euro-
pean countries), metagenomic sequencing, as well as blood marker and 
metabolic data from healthy individuals to individuals with metabolic 
syndrome, obesity, type 2 diabetes and cardiovascular diseases.
Results: Metagenomic richness and variation in microbiome composi-
tion were significantly positively associated with 1) a better lifestyle 
score: better quality (aHEI score), dietary diversity and variety, higher 
total physical activity and non-smoking status 2) intake of total and spe-
cific polyphenols, choline, vitamins B3, B9, B7 (biotin) and D, mono- 
and polyunsaturated fatty acids, omega 6 and omega 3. In addition, a 
better lifestyle score was associated with a higher prevalence of Rumi-
nococcus enterotype, bacterial species Faecalibacterium prausnitzii and 
Subdoligranulum variabile, and a lower prevalence of species belonging 
to the genus Bacteroides. Relationships between an inflammatory diet 
score and the characteristic enterotype of dysbiosis (Bacteroides 2) have 
also been observed. These results were observed in all disease groups 
(participants healthy, with obesity, with diabetes or with heart disease), 
except in patients with diabetes taking metformin.
Conclusion: These results could have therapeutic applications in the 
treatment and prevention of these cardiometabolic diseases, in par-
ticular for patients with types 2 diabetes.
Clinical Trial Registration Number: NCT02059538
Supported by: MetaCardis consortium
Disclosure: S. Adriouch: None.
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Is the association between social jetlag and BMI mediated by 
lifestyle? A cross-sectional survey study in the general population
E.J. Bouman, J.D. Mackenbach, L. Raimondo, J.W.J. Beulens, P.J.M. 
Elders, F. Rutters;
Epidemiology and Data Science, Amsterdam UMC, Amsterdam, 
Netherlands.

Background and aims: Social jetlag is a chronic disruption of sleep 
timing that is characterized by different sleep timing during workdays 
and free days. Our recent meta-analysis showed that social jetlag 
is associated with higher HbA1c, higher body mass index (BMI), 
and higher odds of obesity. The pathways that could explain these 
associations are still debated, but could include disturbed hormone 
regulation, sleep quality and unhealthy lifestyle. We aimed to assess 
the mediating role of several lifestyle factors in the cross-sectional 
association between social jetlag and BMI and to assess stress as an 
effect modifier in a Dutch general working population.
Materials and methods: This study uses data from a cross-sectional sur-
vey study (Eet & Leef study) in the Netherlands. We included 1776 adults 
between 18 and 65 years (average age 42.5y±13.5y, 36.2% male) from 
urban areas. Social jetlag was calculated as the difference in midpoint of 
sleep between week and weekend nights and was categorized as low (<1h), 
moderate (1-2h) and high social jetlag (>2h). BMI (kg/m2) was calculated 
from self-reported height and weight. The association between categories 
of social jetlag and BMI was assessed using linear regression and adjusted 
for sex, age, education level and sleep duration. Self-reported stress level 
(high vs. low) was assessed as effect modifier. Mediating effects of smok-
ing, physical activity (leisure and transport-related), alcohol consumption 
and adherence to a healthy diet were assessed using mediation analysis.
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Results: In our population, 662 people had low social jetlag (<1h), 
839 had moderate social jetlag (1-2h) and 275 people had high social 
jetlag (>2h). We found effect modification by stress. For people 
with low stress levels, high social jetlag compared to low was not 
associated with BMI (beta: 0.25kg/m2; 95% confidence-interval: 
-0.69;1.19). For high stress levels, high social jetlag compared to low 
was significantly associated with 1.01kg/m2 higher BMI (95% con-
fidence-interval: 0.14; 1.90). For the low stress group, we found no 
significant mediation, although the indirect effects for smoking and 
healthy diet adherence explained part of the total effect. In the high 
stress group, we found a significant indirect effect for healthy diet 
adherence, with a proportion mediated of 0.12. In the same group, 
physical activity partly explains the association between social jetlag 
and BMI, although the indirect effect was not significant.
Conclusion: In conclusion, we found that high social jetlag is associ-
ated with higher BMI and that this association is modified by stress 
level. Adherence to a healthy diet partly mediates this association in 
people with high stress levels and physical activity is also suggested 
as partial mediator.
Supported by: Senior Fellowship grant Dutch Diabetes Foundation 
to Dr F.Rutters (2019.82.002)
Disclosure: E.J. Bouman: None.

SO 03 From single nutrients to dietary 
patterns

325
Circulating short-chain fatty acids and Mediterranean food pat-
terns: a potential role for the prediction of type 2 diabetes risk
G. Llaurado1,2, J.  Badia3, G. Rojo-Martínez4,2, O.  Yanes5,6, X. 
 Correig6,2, D.  Mauricio7,2, S. Fernández-Veledo8,2, J.  Vendrell8,2;
1Endocrinology Department, Hospital del Mar, Hospital del Mar 
Medical Research Institute, UPF, Barcelona, Spain, 2Centro de Inves-
tigación Biomédica en Red de Diabetes y Enfermedades Metabólicas 
Asociadas, ISCIII, Madrid, Spain, 3Insitut d’Oncologia Catalunya 
Sud, Sant Joan de Reus Universitary Hospital, Institute of Health 
Reserach Pere Virgili (IISPV), URV, Reus, Spain, 4Biomedical 
Research Institute of Malaga, Endocrinology Department, Regional 
University Hospital of Malaga, Málaga, Spain, 5Electronic Engineer-
ing Department, IISPV, URV, Tarragona, Spain, 6Metabolomics Plat-
form, IISPV, URV, Reus, Spain, 7Endocrinology Department, Hos-
pital de la Santat Creu i Sant Pau and Sant Pau Biomedical Research 
Institute, Barcelona, Spain, 8Endocrinology Department, Joan XXIII 
Universitary Hospital, IISPV, URV, Tarragona, Spain.

Background and aims: Identification of nutritional patterns associ-
ated with type 2 diabetes (T2D) might help to develop more efficient 
and personalized nutritional interventions. Short chain fatty acids 
(SCFAs) are probably the most well-known gut microbiota-derived 
metabolites, being its major source the anaerobic fermentation of 
dietary fibers. The aim was to evaluate whether circulating concentra-
tions of SCFA are associated with concrete food consumption pat-
terns and whether they are associated with the development of T2D 
in those patients at-risk (incident-cases) in a prospective study.
Materials and methods: The Di@bet.es study is a prospective popula-
tion-based study from a random cluster sampling in the Spanish popula-
tion over 18 years (n=5,072). Of these, 4,347 were free of T2D at base-
line. The final sample for re-screening finally comprised 2,408 subjects 
(follow-up losses about 45%). Mediterranean diet (MedDiet) and consume 
of high-fiber foods were score using a qualitative food frequency ques-
tionnaire. The risk to develop T2D was assessed using the FINDRISK. A 
metabolomics-driven analysis of SCFA was carried out using GC-MS to 
identify subjects who developed T2D after 7 years of follow-up.
Results: Subjects who developed T2D had higher baseline circulating 
concentrations (mcmol/L) of butyrate (11.4[1.6-14.1] vs. 12.3[6.9-
15.2]; p=0.040) and isobutyrate (0.90[0.58-1.09] vs. 0.96[0.72-1.23], 
p=0.004). SCFA were not associated with MedDiet adherence but were 
associated with consume of high-fiber foods. In the multivariate analy-
sis, butyrate (OR 1.03 [95%CI: 1.01-1.07]; p=0.037) and isobutyrate 
(OR 1.9 [95%CI: 1.2-3.1]; p=0.009) were independently associated 
with T2D after adjusting for age, sex, family history of T2D, prediabe-
tes, obesity, hypertension and dyslipidemia. The C-statistics for predict-
ing T2D was 0.85 (95%CI: 0.82-0.88) and 0.84 (95%CI: 0.81-0.878) 
for butyrate and isobutyrate respectively (adjusted models), offering a 
good ability to predict T2D, although similar to the reference model 
based on clinical factors (0.84 [95%CI: 0.81-0.87]). Nevertheless, both 
models improved the risk prediction compared to FINDRISK (0.79 
[95%CI: 0.75-0.82]). Dietary patterns did not add any prediction value.
Conclusion: SCFA are associated with consume of high-fiber foods 
and are independently associated with the development of T2D at 7 
years. However, they offer limited ability to improve risk prediction 
compared to traditional risk factors. Further studies are needed to 
evaluate the impact of dietary intervention on circulating concentra-
tions of SCFA.
Supported by: PI20/00312 - ISCIII. X Ayudas SED a Proyectos de 
Investigación en Diabetes dirigidos por jóvenes investigadores
Disclosure: G. Llaurado: None.



S172 Diabetologia (2023) 66 (Suppl 1):S1–S536

1 3

326
Effects of a high-protein-high-UFA intervention in glucose metab-
olism and type 2 diabetes in adults aged 50-80y: the NutriAct 
multicentre randomised trial
L. Pletsch-Borba, C. Wernicke, N.M.T. Meyer, T.-H. Nguyen, A. 
Pohrt, A.F.H. Pfeiffer, J. Spranger, K. Mai;
Endocrinology and Metabolism, Charité Universitatsmedizin Berlin, 
Berlin, Germany.

Background and aims: The effect of a high-protein-high-unsaturated 
fatty acids (UFA) dietary pattern on prevention and treatment of type 
2 diabetes (T2DM) is still unclear. The NutriAct is a 36-month rand-
omized controlled multi-center trial designed to study the effects of a 
high-protein-high-UFA dietary pattern on healthy aging. We aimed to 
study the 36-month-effect of the NutriAct intervention on estimates on 
glucose metabolism in adults aged 50-80y at high risk for age-related 
diseases.
Materials and methods: 502 participants were randomized into 
either usual care control group including dietary recommendations 
of the German Nutrition Society or an intervention group, which 
implemented a food pattern high in especially plant proteins and 
UFA. Food intake was repeatedly assessed by 3-day food records 
throughout the trial. At baseline and year 3, an oral glucose tolerance 
test was performed. The following parameters was assessed: fasting 
glucose, HbA1c, oral glucose insulin sensitivity (OGIS), HOMA-IR, 
HOMA-B, oral disposition index (DI), and diabetic status (no diabe-
tes, pre-diabetes or T2DM). Based on participants’ dietary patterns at 
month 36, they were classified into adherent or non-adherent.
Results: 387 participants (37% male, median age 65y, 18% with 
T2DM) were included. The intervention led to a lower increase in 
HbA1c than the control group (β -0.08, 95%CI -0.16, -0.01, p=0.049). 
There was a trend of improvement in glycemic status (no diabetes/
pre-diabetes/diabetes) in the intervention group (p=0.079). Adherent 
intervention subjects (n=119) compared to adherent controls (n=182) 
had a higher rate of diabetes remission (6/18 or 33% vs. 2/28 or 7%, 
p=0.04) and had a lower HbA1c increase (β -0.09, 95%CI -0.18, 
-0.01, p=0.035). In persons with T2DM (n=69) the intervention led 
to a slighter increase in fasting glucose and to a greater increase in 
OGIS (β -11.91, 95%CI -21.28, -2.55, p=0.013 and β 93.39, 95%CI 
40.99, 145.80, p<0.01, respectively). In persons with obesity (n=167) 
at baseline, the intervention led to a slighter increase of HbA1c (β 
-0.10, 95%CI -0.19, -0.02, p=0.02). Increase in PUFA-intake, inde-
pendently of intervention arm and of BMI changes, was associated 
with HbA1c improvement (β per 1%E -0.01, 95%CI -0.02, -0.01, 
p=0.02).
Conclusion: The NutriAct intervention led to improvement in T2DM 
surrogates and to a higher rate of T2DM remission in community-
dwelling participants at high risk for age-related diseases. These 
improvements were more pronounced in participants adherent to the 
intervention, with T2DM at baseline and without obesity. Increase in 
PUFA intake, irrespective of intervention arm or weight changes, was 
associated with a greater improvement of HbA1c. These findings shed 
light into a diet that could improve glycemic status and potentially 
improve diabetes prevention and treatment.

Clinical Trial Registration Number: DRKS00010049.
Supported by: BMBF
Disclosure: L. Pletsch-Borba: None.
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The mediating role of BMI and waist circumference on the pro-
spective association between urinary sucrose and incidence of 
diabetes in a sub-cohort of the EPIC-Norfolk
A. Lang1, O.  Kuss1,2, T.  Filla3, G.  Kuhnle4, S.  Schlesinger1,2;
1Institute for Biometrics and Epidemiology, German Diabetes Center, 
Düsseldorf, Germany, 2German Center for Diabetes Research (DZD), 
Partner Düsseldorf, Munich-Neuherberg, Germany, 3Department of 
Rheumatology, Heinrich Heine University Düsseldorf, Düsseldorf, 
Germany, 4Department of Food & Nutritional Sciences, University 
of Reading, Reading, UK.

Background and aims: Findings from epidemiological studies inves-
tigating the association between dietary sugar intake and the devel-
opment of diabetes are controversial. Most of these studies assessed 
dietary sugar intake based on self-reports which might be prone to bias. 
Therefore, an objective biomarker of sucrose intake, such as urinary 
sucrose, might be superior to self-reported sucrose intake. Thus, the 
aim of this study was to investigate the associations between sucrose 
intake, measured via self-reports and urinary sucrose, with incident 
diabetes and to detect the influence of body mass index (BMI) and 
waist circumference on this association.
Materials and methods: For this study, data of a sub-group (n=2,996) 
from the prospective EPIC-Norfolk cohort were used. Sucrose intake was 
assessed via self-reports (validated food frequency questionnaire (FFQ) 
and 7-day diet diaries (7DD)), and as objective urinary sucrose biomarker 
form spot urine. Cox proportional hazard models were estimated to calcu-
late hazard ratios (HRs) and 95% confidence intervals (CI) for the associa-
tions between urinary and dietary sucrose intake and incidence of diabetes. 
Mediation analysis was performed to investigate the direct and indirect 
effects and the proportion mediated (PM) of BMI and waist circumfer-
ence on the association between urinary sucrose and diabetes incidence.
Results: The mean age of the participants (53% women) was 60.6 
± 9.5 years. After a mean follow-up of 11.2 ± 2.9 years, 97 partici-
pants developed diabetes. Findings showed inverse associations for 
self-reported sucrose intake per 50 g/d via 7DD [HR: 0.63 (95% CI: 
0.43, 0.91)], and for FFQ [HR: 0.81 (95% CI: 0.46, 1.42)] regard-
ing incident diabetes. Urinary sucrose showed a positive association 
with incident diabetes for each increase of 100 μM [HR: 1.14 (95% 
CI: 0.95, 1.36)]. Results of the mediation analysis using BMI as the 
mediator indicated an indirect effect of 1.02 (95% CI: 1.00, 1.04) 
and a direct effect of 1.11 (95% CI: 0.92, 1.35). Similar results were 
shown using waist circumference as the mediator. Accordingly, the 
PM of BMI and waist circumference for the association between uri-
nary sucrose and diabetes incidence was 16% and 22%, respectively.
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Conclusion: These findings indicate that dietary sucrose assessed by 
self-reports was inversely associated with diabetes incidence, while uri-
nary sucrose measured as objective biomarker showed a positive asso-
ciation. The latter association might be partly mediated by BMI and 
waist circumference. However, there might be other direct mechanisms 
explaining the association between sucrose intake and diabetes incidence.
Disclosure: A. Lang: None.
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Do measures of overall and regional obesity modify dietary diver-
sity effects on type 2 diabetes? Findings from the EPIC-InterAct 
case-cohort study
H. Mozaffari1, F.  Imamura2, R.  Murphy3, M. Mahsa  Jessri1, N. 
 Wareham2, A.  Conklin4;
1Faculty of Land and Food Systems, University of British Columbia, 
Vancouver, BC, Canada, 2Medical Research Council Epidemiology 
Unit, University of Cambridge, London, UK, 3School of Population 
and Public Health, University of British Columbia, Vancouver, BC, 
Canada, 4Faculty of Pharmaceutical Sciences, University of British 
Columbia, Vancouver, BC, Canada.

Background and aims: Dietary diversity has been associated with 
a better antioxidant status in the body, and thus may have differential 
effects on risk of type 2 diabetes (T2D) by obesity status. We assessed 
whether obesity modifies the diet diversity-T2D link.
Materials and methods: The study is a case-cohort study nested 
within the European Prospective Investigation into Cancer and 
Nutrition study. It includes 9,564 incident diabetes cases and a 
random sub-cohort of 12,868 individuals, sampled from a cohort 
of 340,234 participants in 8 European countries from 1993-2007. 
Dietary diversity was estimated using 5 different scores: diversity 
between food groups (range: 0 to 5) and diversity within subtypes 
of vegetables (0 to 4), meats/protein (0 to 6), animal protein (0 to 
8) and plant protein (0 to 5). Prentice-weighted Cox regressions 
calculated the hazard ratios (HR) and 95% confidence intervals 
(CI95) for the associations between dietary diversity and T2D in 
models stratified by general obesity (BMI≥30 kg/m2) and central 
obesity (sex-specific waist circumference, WC) status.
Results: Adhering to a five-group diet (versus a three-group diet) was 
inversely linked to a lower risk of T2D, with greatest risk reduction 
in Europeans without general (HR 0.82 [CI95: 0.67, 0.99]) and central 
obesity (0.79 [0.70, 0.89]). Results for vegetable diversity were mixed 
and non-significant across obesity groups. Participants without central 
obesity showed a higher risk of T2D for consuming ≥2 subtypes of 
meat/protein (HR 1.29 [1.00, 1.67]). Plant protein diversity was non-
significantly inversely linked to T2D in all obesity categories, with an 
18% lower risk of T2D (0.82 [0.68, 1.00]) in participants without central 
obesity who consumed 4-5 plant protein subtypes. Individuals without 
general and central obesity differ from those with general and central 
obesity in the direction of non-significant associations between animal 
protein diversity and T2D. In sensitivity analyses, adjusting for quality of 
intake amplified the results for diversity of vegetable and plant protein: 
e.g. greater vegetable diversity (4 vs 0-1 subtype) became significantly 
inversely linked to T2D among those with general and central obesity. 
However, adjusting for quantity of intake attenuated the findings for 
meat/protein diversity.
Conclusion: A diet consisting of five different food groups and diver-
sity of plant protein sources may reduce T2D incidence in European 
adults who have general and central obesity. Additionally, compared 
to those without obesity, individuals with obesity may benefit more 
from diversity of vegetables subtypes in their diet.
Supported by: [Mozaffari is funded by a Canadian Institutes of 
Health Research Vanier Scholarship]
Disclosure: H. Mozaffari: None.
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Tea consumption is associated with increased urinary glucose 
excretion, improved insulin resistance and reduced risk of dys-
glycaemia, in Chinese community-dwelling adults
T. Li1, M.  Sang2, J.  Wang2, Z.  Sun2, C.  Xie1, C.  Rayner1, M. 
 Horowitz1, S.  Qiu2, T.  Wu1;
1Adelaide Medical School and Centre of Research Excellence in 
Translating Nutritional Science to Good Health, The University of 
Adelaide, Adelaide, Australia, Adelaide, Australia, 2Southeast Uni-
versity, Medical School, Affiliated Zhongda Hospital, Nanjing, China.

Background and aims: Tea, a beverage consumed extensively world-
wide, has been reported to be associated with substantial health ben-
efits, including a reduced risk of cardiovascular disease and type 2 
diabetes. However, the mechanism underlying these benefits remain 
uncertain. This cross-sectional study examined the association of 
both the frequency and type of tea consumption with urinary glu-
cose excretion and insulin sensitivity, as well as glycaemic status, in 
a Chinese community-dwelling adult population.
Materials and methods: 1923 community-dwelling adults, with either 
no habitual tea consumption or a history of drinking only a single type of 
tea, provided information about the both frequency (i.e. never, occasion-
ally, often and every day) and type (i.e. green, black, dark, or other tea) 
of tea consumption using a standardized questionnaire. Urinary glucose 
excretion was assessed by measurement of the fasting urinary glucose 
concentration (i.e. urinary glucose/creatine), which was log-transformed 
prior to analysis. Insulin sensitivity was assessed by the triglyceride-
glucose index (TyG). Glycaemic status was ascertained by a history of 
type 2 diabetes, current use of antidiabetic medications, or an abnormal 
75g oral glucose tolerance test. Logistic regression analysis and multi-
nomial linear regression analysis, with adjustment of covariates, were 
performed to examine the pre-defined associations.
Results: 562 males and 1361 females aged 20 - 80 years (436 with 
diabetes, 352 with prediabetes and 1135 with normoglycemia) were 
included. After adjustment of covariates, drinking tea every day 
was associated with an increase in urinary glucose excretion of 0.11 
mmol/mmol (95% CI 0.02 to 0.19) and a reduction in the TyG by 
0.23 (95% CI -0.29 to -0.17), as well as reduced odds of prediabetes 
(odds ratio 0.61, 95% CI 0.47 to 0.79) and type 2 diabetes (odds ratio 
0.64, 95% CI 0.50 to 0.82), compared with participants who never 
drank tea. In particular, consumption of dark tea was associated with 
augmented urinary glucose excretion of 0.16 mmol/mmol ( 95% CI 
0.06 to 0.25) , a decreased TyG by 0.31 (95% CI -0.39 to -0.24), and 
reduced odds of prediabetes (odds ratio 0.43, 95% CI 0.29 to 0.62) 
and type 2 diabetes (odds ratio 0.53, 95% CI 0.37 to 0.75).
Conclusion: In Chinese community-dwelling adults, regular tea consump-
tion, particularly dark tea, is associated with increased urinary glucose 
excretion, improved insulin resistance, and a reduced risk of dysglycaemia.
Disclosure: T. Li: None.
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Dietary patterns and cancer outcomes in individuals with type 
2 diabetes: a systematic review and meta-analysis of prospective 
studies
J. Barbaresko1, A.  Lang1, T.  Schiemann1, E.  Szczerba1,2, L. 
 Schwingshackl3, M.  Neuenschwander1,2, S.  Schlesinger1,2;
1Institute for Biometrics and Epidemiology, German Diabetes Center, 
Düsseldorf, Germany, 2German Center for Diabetes Research (DZD), 
Partner Düsseldorf, Munich-Neuherberg, Germany, 3Institute for Evi-
dence in Medicine, University of Freiburg, Freiburg, Germany.

Background and aims: Individuals with type 2 diabetes (T2D) are at 
increased risk for cancer incidence and mortality compared to the general 
healthy population. Diet plays an important role in both, the management 
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of T2D and the prevention of cancer. Thus, the aim of the present study 
was to systematically summarise and to quantify the associations between 
dietary patterns and the risk of cancer in individuals with T2D, as well as 
to evaluate the certainty of evidence for these associations.
Materials and methods: We conducted a systematic literature search 
in PubMed and Web of Science up to June 2022 and continuously 
updated the search via PubMed alert until February 2023. We included 
prospective observational studies investigating dietary patterns in asso-
ciation with cancer incidence and mortality in individuals with T2D. 
Summary risk ratios (SRR) with corresponding 95% confidence inter-
vals (CI) were calculated using random effects models. The certainty 
of evidence of the associations was rated with the GRADE approach.
Results: In total, we included 17 studies, six on total cancer (incidence 
and mortality), 11 on gastrointestinal cancer (total gastrointestinal can-
cer mortality, pancreatic, liver and colorectal cancer) and one on lung 
cancer. Most studies investigated a Mediterranean diet (n=3), Dietary 
Approaches to Stop Hypertension (DASH, n=3), (Alternate) Healthy 
Eating Index (n=3), Low-carbohydrate Score (n=3), dietary glyce-
mic index (n=3) or glycemic load (n=3), a dietary pro-inflammatory 
pattern (n=4), and an Empirical Dietary Index for Hyperinsulinemia 
(n=2). The evidence was very uncertain for the association between a 
higher adherence to the DASH diet and cancer incidence (SRR: 0.59; 
95% CI: 0.34, 1.03; n=3) compared to a lower adherence. No clear 
associations were found for the Mediterranean diet (SRR: 0.90; 95% 
CI: 0.42, 1.90; n=2), dietary pro-inflammatory patterns (SRR: 1.02; 
95% CI: 0.72, 1.45; n=4), Healthy Eating Index (SRR: 1.15; 95% CI: 
0.48, 2.74; n=2), Low-carbohydrate Score (SRR per point: 1.00; 95% 
CI: 0.98, 1.02; n=2), glycemic index (SRR: 1.15; 95% CI: 0.81, 1.64; 
n=3), glycemic load (SRR: 1.12; 95% CI: 0.88, 1.43; n=2) and cancer 
outcomes, rated as low or very low certainty of evidence.
Conclusion: This systematic review and meta-analysis presents first 
meta-evidence on adherence to dietary patterns and cancer outcomes 
in individuals with diabetes. Diet may play a role in cancer prevention 
in diabetes but so far the certainty of evidence is very limited due to the 
small number of primary studies and number of cancer cases included 
in the studies. Therefore, more primary studies are warranted.
Disclosure: J. Barbaresko: None.
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Substitution of animal-based with plant-based foods and risk of 
type 2 diabetes: a systematic review and meta-analysis
S. Schlesinger1,2, M.  Neuenschwander1,2, J.  Stadelmaier3, J.  Eble3, 
K.  Grummich3, E.  Szczerba1,2, E.  Kiesswetter3, L.  Schwingshackl3;
1Institute for Biometrics and Epidemiology, German Diabetes Center, 
Düsseldorf, Germany, 2Partner Düsseldorf, German Center for Diabetes 
Research (DZD), München-Neuherberg, Germany, 3Institute for Evidence 
in Medicine, Medical Center, University of Freiburg, Freiburg, Germany.

Background and aims: There is growing evidence that replacing 
animal-based foods with plant-based foods is not only beneficial for 
planetary health, but is also associated with a lower risk of non-
communicable diseases, including type 2 diabetes (T2D). To sum-
marize and evaluate the existing evidence for the substitution of any 
animal-based foods with plant-based foods in relation to risk of T2D, 
we conducted a systematic review and meta-analysis.
Materials and methods: Three databases (Medline, Embase and Web of 
Science) were searched to March 2023. Prospective observational studies 
investigating the substitution of animal-based foods with plant-based 
foods and risk of T2D or diabetes mortality were included. All relevant 
study characteristics and risk estimates from substitution models were 
extracted from each article and summary relative risks (SRRs) with cor-
responding 95% confidence intervals (95% CI) were calculated using a 
random-effects model. The risk of bias was assessed using the ROBINS-I 
tool and the certainty of evidence (CoE) using the GRADE approach.

Results: In total, 14 eligible articles based on 10 cohorts were identified. 
Risk of bias was mostly moderate. There was moderate CoE for a lower 
T2D incidence when substituting red meat (50 g/day) with whole grains/
cereals (11-30 g/day) [SRR (95% CI): 0.90 (0.84, 0.96), n=6 cohorts), 
and red meat or processed meat (50 g/day) with nuts (10 g/day) [SRR 
(95% CI): 0.92 (0.90, 0.94), n=6 or 0.78 (0.69, 0.88), n=6]. The CoE 
was also moderate for a lower T2D incidence when replacing poultry (50 
g/day) with whole grains (30 g/day) [SRR (95% CI): 0.87 (0.83, 0.90), 
n=2] and eggs (50 g/day) with whole grains (30 g/day) or nuts (10 g/day) 
[SRR (95% CI): 0.79 (0.75, 0.82), n=2 or 0.82 (0.79, 0.86), n=2]. Inverse 
associations for T2D incidence were also observed for substituting red 
or processed meat with legumes, poultry with legumes or nuts, and eggs 
with legumes; however, the CoE was low for these associations. For T2D 
incidence and diabetes mortality combined, there was moderate CoE for 
an inverse association when butter (5 g/day) was substituted by olive oil 
(5 g/day) [SRR (95% CI): 0.94 (0.91, 0.98) n=3].
Conclusion: Our findings show that a shift in the diet from a high 
consumption of animal-based foods to plant-based foods (e.g., whole 
grains, nuts and legumes) is associated with a lower risk of T2D.
Clinical Trial Registration Number: PROSPERO: CRD42022302982
Supported by: This project was funded by research grant of the Alpro 
Foundation.
Disclosure: S. Schlesinger: Grants; Alpro Foundation. Lecture/other 
fees; Novo Nordisk.
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Intakes or circulating levels of beta-carotene, vitamin C, and 
vitamin E and risk of type 2 diabetes: a systematic review and 
meta-analysis
A.-M. Lampousi1, T.  Lundberg1, J.E. Löfvenborg1,2, S.  Carlsson1;
1Institute of Environmental Medicine, Karolinska Institutet, Stockholm, 
Sweden, 2Department of Risk and Benefit Assessment, Swedish Food 
Agency, Uppsala, Sweden.

Background and aims: Oxidative stress can lead to insulin resistance 
and reduced insulin secretion, which are key features of type 2 diabe-
tes (T2D). Intake of antioxidants may decrease oxidative stress and 
hypothetically reduce the risk of T2D. We synthesized the evidence 
on the association between antioxidant nutrients and insulin resist-
ance, insulin secretion, and incidence of type 2 diabetes.
Materials and methods: A literature search was performed in Med-
line, Embase, and Cochrane Library, from inception until July 2022. 
Eligible studies had a cohort, case-control, or randomized controlled 
trial (RCT) design and investigated associations between dietary 
intakes, supplementation, or circulating levels of beta-carotene, 
vitamin C, and vitamin E and insulin resistance, insulin secretion, or 
incidence of T2D. In the first sets of analyses, we estimated summary 
relative risks (RR) and 95% confidence intervals (CI) of T2D for high 
vs low dietary intakes or circulating antioxidants (cohort studies) and 
for any vs no use of antioxidant supplements (RCTs), using random-
effects models. Heterogeneity was quantified with the  I2 statistic.
Results: Among 5,712 screened records, we identified 41 eligible 
studies comprising 26 prospective cohorts and 15 RCTs. A reduced 
risk of T2D was suggested in relation to higher dietary intakes and 
circulating levels of beta-carotene (RR: 0.79, CI: 0.69, 0.89,  I2=27%, 
n=6 and RR: 0.61, CI: 0.45, 0.84,  I2=77%, n=8, respectively) and 
vitamin E (RR: 0.81, CI: 0.71, 0.92,  I2=0%, n=7 and RR: 0.64, CI: 
0.38, 1.08,  I2=75%, n=6, respectively). Synthesis of RCTs did not 
support any protective effects of supplementation with beta-carotene 
(RR: 0.98, 95% CI: 0.90, 1.07,  I2=0%, n=3) or vitamin E (RR: 1.01, 
95% CI: 0.93, 1.10,  I2=46%, n=4) on the incidence of T2D. No clear 
inverse association was observed between dietary intakes of vitamin 
C and T2D (RR: 0.91, 95% CI: 0.77, 1.07,  I2=39%, n=5), while 
meta-analyses for circulating levels or RCTs could not be performed 
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for this antioxidant due to lack of studies. We will further investigate 
associations between these antioxidants and insulin resistance and 
secretion.
Conclusion: Observational studies suggest that beta-carotene and 
vitamin E may reduce the risk of T2D, however, RCTs did not con-
firm that supplementation with these antioxidants is protective. This 
inconsistency may reflect confounding in observational studies but 
may also indicate that adequate rather than high intakes of beta-car-
otene and vitamin E could play a role in diabetes prevention.
Supported by: FORTE, VR, Novo Nordisk Foundation, and Swedish 
Diabetes Foundation
Disclosure: A. Lampousi: None.
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SARS-CoV-2 infection in people with type 1 diabetes and hospital 
admission: an analysis of risk factors for England
R. Williams1, J.J. Warner-Levy1, B.  Ollier1, J.M.  Gibson1, A.H. 
 Heald2;
1The University of Manchester, Manchester, UK, 2Salford Royal Hos-
pital, Salford, UK.

Background and aims: The COVID-19 pandemic revealed the vulner-
ability of specific population groups in relation to susceptibility to a 
related acute deterioration in their health. There is much less data on 
outcomes for people with Type 1 diabetes (T1D) in relation to outcomes 
following COVID-19 infection vs T2D. In this study we set out to deter-
mine the relative likelihood of hospital admission following COVID-19 
infection in people with T1D when compared to those without T1D. This 
was conducted as a case control study and utilised an all-England dataset.
Materials and methods: Analysis of electronic health record data 
was performed relating to people living in a national England data-
base (NHS Trusted Research Environment via the COVID-IMPACT 
consortium). We took people with a recorded diagnosis of T1D and 
subsequent COVID-19 confirmed infection. Each individual with 
T1D(n=77,392) was matched with 3 COVID-19 infected non-diabe-
tes controls(n=223,995). Matching included the date of the positive 
COVID-19 test as recorded in primary care. Potential factors influenc-
ing the relative likelihood of hospital admission within 28 days were 
ascertained using univariable and multivariable logistic regression.
Results: Median age of the T1D individuals was 37 (IQR [25, 52]). 
47.4% were female, and 89.6% were of white ethnicity. Mean body 
mass index was 27 (SE 0.022) and mean HbA1c was 67.3 (SE 0.069). 
A significantly higher proportion of people with T1D (10.7%) vs 
matched controls (3.9%) were admitted to hospital. In the univariate 
analysis of T1D patients, smoking status was not found to have a sig-
nificant effect (odds ratio 1.05, confidence interval [0.98, 1.12]). In 
combined analysis including T1D individuals and matched controls, 
multiple regression modelling indicated that the factors indepen-
dently relating to a higher likelihood were: T1D (odds ratio: 2.07, 
confidence interval [1.98, 2.16]), age (OR: 1.03 [1.03, 1.04]), social 
deprivation (higher Townsend Score - OR: 1.08 [1.07, 1.09]), non-
Caucasian ethnicity (OR: black 1.25 [1.15, 1.36] / Asian 1.52 [1.37, 
1.69] / mixed 1.25 [1.06, 1.46]) and hypertension (OR: 1.44 [1.37, 
1.52]), independent of smoking and total cholesterol.
Conclusion: In this all England study we describe that following 
confirmed infection with COVID-19, the risk factors for hospital 
admission for T1D individuals are similar to the general popula-
tion, although T1D individuals were more likely to be admitted 
to hospital. The younger age of T1DM individuals in relation to 
risk stratification must be taken into account in any ongoing risk 
reduction strategies regarding COVID-19/future viral pandemics.
Disclosure: R. Williams: None.

334
Rates of SARS-CoV-2 infection or severe COVID-19 in persons 
with diabetes after initial and booster COVID-19 vaccination 
in the Netherlands
J.M. van den Berg1,2, M.T.  Blom1, K.M.A.  Swart1,2, J.A. 
 Overbeek1,2, S.  Remmelzwaal1,3, R.M.C.  Herings2,3, P.J.M.  Elders1;
1Department of General Practice, Amsterdam Public Health 
Research Institute, Amsterdam, Netherlands, 2PHARMO Institute 
for Drug Outcomes Research, Utrecht, Netherlands, 3Department of 
Epidemiology and Data Science, Amsterdam UMC location Vrije 
Universiteit Amsterdam, Amsterdam, Netherlands.
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Background and aims: COVID-19 vaccines have shown high effi-
cacy in preventing severe COVID-19, but their ability to prevent 
SARS-CoV-2 infection is comparatively lower. Also, effectiveness 
of these vaccines appears to decline over time, may be compro-
mised by emerging variants of SARS-CoV-2, and might be lower 
in persons with diabetes. Consequently, repeat vaccinations have 
been necessary as the COVID-19 pandemic continued. While risk 
factors for severe COVID-19 are well-known, it is unclear which 
populations would benefit most from repeat vaccination. We aimed 
to evaluate risk of SARS-CoV-2 breakthrough infection or severe 
COVID-19 after initial or booster COVID-19 vaccination in per-
sons with diabetes, compared to persons without diabetes.
Materials and methods: We conducted a retrospective cohort study 
using data from the PHARMO Data Network between January  1st 
2020 and December  31st 2021. We selected all patients with at least 
two doses of any COVID-19 vaccine. Patient characteristics and 
comorbidities, including diabetes, were collected. Primary outcomes 
were SARS-CoV-2 breakthrough infection and severe COVID-19, 
defined as either hospitalization or mortality within 28 days of 
infection. Incidence rates (IR) for breakthrough infection or severe 
COVID-19 after initial and booster vaccination were calculated 
separately. Poisson models were used to calculate rate ratios (RR) 
for vaccinated persons with diabetes compared to those without.
Results: The cohort included 1,037,778 persons, of which 
348,466 received a booster dose. Diabetes was recorded in 90,015 
(8.7%) persons. Overall, in persons receiving initial vaccination, 
SARS-CoV-2 breakthrough infection and severe COVID-19 IRs 
were 27.3 and 3.2 per 1000 person years respectively. In persons 
with diabetes, RRs for breakthrough infection were 1.12 (1.01-
1.25) after initial vaccination and 0.77 (0.75-0.80) after booster 
vaccination, compared to persons without diabetes (Table 1). RRs 
for severe COVID-19 were 3.07 (2.54-3.71) after initial vaccina-
tion and 2.15 (1.68-2.72) after booster vaccination.
Conclusion: After the initial vaccination, risk of SARS-CoV-2 infec-
tion is only slightly increased in vaccinated persons with diabetes, 
while the risk of severe COVID-19 remained high, compared to 
persons without diabetes. Booster vaccination lowered the risks of 
both breakthrough infection and severe COVID-19 in persons with 
diabetes. Nonetheless, persons with diabetes remain at an increased 
risk of severe COVID-19. Further research is needed to investigate 
whether repeat vaccination, including bivalent COVID-19 vaccines, 
might further reduce risk of severe illness in persons with diabetes.

Disclosure: J.M. van den Berg: None.
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Pioglitazone for patients with type 2 diabetes admitted with 
COVID-19 infection
K. Baagar1, T.  Alessa2, A.  Jayyousi1, J.  Ceruto1, A.  Alattar2, M. 
 Hamad1, H.  Almatrouk2, S.  Abdulrahman1, H.  Alhumaidi2, A. 
 Alandaleeb2, A.  Esmaeel2, M. Abu-Farha2, F. Al-Mulla2, M. Abdul-
Ghani3, Pioglitazone and COVID-19 Study Group;
1Hamad Medical Corporation, Doha, Qatar, 2Dasman Diabetes Insti-
tute, Kuwait, Kuwait, 3University of Texas Health Science Center, 
San Antonio, TX, USA.

Background and aims: COVID-19 is caused by the coronavirus 
SARS-CoV-2 and has emerged as a rapidly spreading communicable 
disease across the globe. Recent studies showed that people with 
diabetes mellitus, severe obesity, and cardiovascular disease are at a 
higher risk of mortalities from COVID-19. It has been suggested that 
the increased risk is due to the chronic inflammatory state associated 
with type 2 diabetes. In this study, we aimed to evaluate the efficacy 
of pioglitazone, a strong insulin sensitizer with anti-inflammatory 
properties, in improving the clinical outcomes of patients with type 
2 diabetes admitted with moderate-severe COVID-19.
Materials and methods: We enrolled 343 patients, with type 2 dia-
betes, admitted with COVID-19 to the hospitals in Qatar and Kuwait. 
Patients were randomized to receive in double-blind fashion therapy 
with placebo (n=155) or pioglitazone (n=188) for 28 days. The study 
had 2 primary outcomes: (1) the incidence of a clinical composite 
outcome of a) requirement for mechanical ventilation, b) death, c) 
myocardial damage; and 2) an increase in C-reactive protein (CRP).
Results: A total of 21 participants met the primary clinical composite 
outcome. There was no significant difference in the incidence of pri-
mary outcome between subjects receiving placebo (n=10) and piogl-
itazone (n=11). Cox Hazard ratio for patients receiving pioglitazone 
was 1.10 (p=NS). A total of 4 individuals died in the placebo group 
vs 3 in the pioglitazone group (P =0.91). No statistically significant 
difference was observed between the two groups in plasma CRP level 
at the end of the follow-up.
Conclusion: The results of the present study demonstrate that piogl-
itazone treatment did not provide any additional clinical benefit to 
patients with type 2 diabetes admitted with COVID-19 infection.
Clinical Trial Registration Number: NCT04604223
Supported by: Dasman Diabetes institute and Hamad Medical Cor-
poration MRC
Disclosure: K. Baagar: None.

336
Nonstructural protein 1 from SARS-CoV2 inhibits insulin gran-
ule biosynthesis and beta cell function
K.-P. Knoch, A. Sönmez, K. Ganss, C. Wegbrod, F. Fakir, M. 
Solimena;
Molecular Diabetology, Univ. Hospital and Faculty of Medicine, 
TUD, Dresden, Germany, Dresden, Germany.

Background and aims: Type 1 diabetes (T1D) results from the auto-
immune destruction of beta cells of the pancreas. RNA viruses of the 
Enterovirus (EV) family, such as Coxsackievirus B, are among the can-
didate environmental factors that trigger and/or accelerate the develop-
ment of T1D. However, the relationship between EV infection and loss 
of self-tolerance to antigens of the insulin secretory granules (SGs) is 
unclear. Recent studies have shown that since the outbreak of the Sars-
Cov2 pandemic, the risk of developing type 1 diabetes is increased in 
Sars-Cov2 infected patients. Sars-Cov2 is also a RNA virus, but with 
a more complex genome and structure than EVs. In this study, we 
analysed how Sars-Cov2 non-structural protein 1 or 5 (NSP1, NSP5) 
affect the biosynthesis of insulin and beta cell function.
Materials and methods: Mouse insulinoma MIN6 cells were trans-
fected with NSP1 or NSP5 (Wuhan-Hu-1 strain) and compared to 
mock transfected cells 96h post-transfection. Levels of insulin and 
other SG cargoes in control and NSPs expressing cells were assessed 
by western blotting, HTRF and immunostaining. mRNA levels were 
measured by RT/qPCR, for validation of beta cell function different 
reporter gene and luminescence assays were used. CFP-tagged report-
ers for different cell membrane organelles were used to measure the 
pH in living cells by FLIM.
Results: NSP1 is the first protein encoded in the Sars-Cov2 genome 
and inhibits translation in host cells. In MIN6 cells, NSP1 expression 
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lowered BrdU incorporation by 50%, while markers of ER stress and 
apoptosis were not altered. As measured by HTRF, NSP1 expression 
reduced the content of insulin to 30% as well its glucose-stimulated 
secretion to ~40%, while its basal release was increased ~2-fold. In 
NSP1 expressing MIN6 cells proinsulin content was also reduced in 
both resting (2.8 mM glucose) and stimulated (25 mM glucose) condi-
tions to 60% and 54%, respectively. NSP1 expression further reduced 
the levels of mature SG proteins ICA512 to 35%, PC1 to 23% and PC2 
to 45%, but less so the corresponding proforms (proICA512 to 80%, 
pro-PC1/3 to 90%, pro-PC2 to 85%). These changes occurred in the 
absence of alterations in the levels of mRNAs coding for SG cargoes. 
Surprisingly, the luminal pH in the cisternae of the cis- and late-Golgi 
was neutral (7.21 and 7.31 compared to 6.84 and 6.69 in control cells, 
respectively). Conversely, expression of the main Sars-Cov2 protease 
NSP5 did not reduce BrdU incorporation and the protein levels of SG 
cargoes, while the insulin secretion stimulation index and basal insulin 
release were also altered as in NSP1-expressing MIN6 cells.
Conclusion: Our results show that Sars-Cov2 NSP1 affects not only 
the translation of the infected cells, but also the pH homeostasis in their 
secretory pathway. Alkalinization of the beta cell secretory pathway, in 
particular, could prevent the activation of prohormone convertases, and 
thus the cleavage-induced maturation of SG cargoes, including insulin.
Supported by: INNODIA
Disclosure: K. Knoch: None.
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Pancreatic dysregulation of innate antiviral immune pathways 
in type 1 diabetes
M. Høj Jensen1, K.  Pedersen1, S.  Kaur2, A. Jensen-Dahm1, F. 
 Pociot2, M. Haupt-Jorgensen1;
1The Bartholin Institute, Department of Pathology, Rigshospitalet, 
Copenhagen, Denmark, 2Translational Type 1 Diabetes Research, Clin-
ical Research, Steno Diabetes Center Copenhagen, Herlev, Denmark.

Background and aims: Type 1 diabetes (T1D) is a chronic auto-
immune disease characterized by the activation of both innate and 
adaptive immune pathways. Global incidence rates are increasing, but 
the underlying reason remains unclear. While genetics account for 
approximately 50% of the T1D risk, the remaining 50% can likely be 
attributed by environmental factors, such as viruses. Recent studies 
have identified enterovirus in the islets of new-onset T1D patients, 
suggesting an etiopathogenetic role, although the underlying mecha-
nisms remain unknown. Our laser dissection study has shown that 
innate antiviral immune pathways (InAIPs) are downregulated in 
islets of pre-T1D individuals and upregulated in new-onset T1D 
patients, with some of the genes containing T1D-associated single 
nucleotide polymorphisms (SNPs). Nevertheless, the specific islet 
cell(s) responsible for the observed dysregulation, the significance 
of the observed T1D-associated SNPs, as well as the potential for 
corrective measures, are not yet clear.
Materials and methods: We conducted a genome-wide association 
study (GWAS) for InAIPs, identifying SNPs within ±250kb flanking 
regions of the transcriptional start site of 165 selected genes, utilizing 
both RegulomeDB score and expression quantitative trait loci (eQTL) 
data for pancreas. Subsequently, we compared the relative gene 
expressions of central InAIP genes in α- and β-cells using reverse 
transcription quantitative polymerase chain reaction (RT-qPCR) using 
α-TC1- and β-TC6 mouse cell lines. Lastly, we investigated whether 
the observed dysregulation of InAIPs in β-TC6 cells could be cor-
rected by stimulating with a TLR7 agonist (Imiquimod, 10μg/mL) 
followed by RT-qPCR analysis for the InAIP genes.
Results: Our study revealed a total of 310 T1D-associated SNPs, 
of which 305 are novel in T1D, all located within ±250kb flanking 
regions of the transcriptional start site of 17 InAIP genes. Most of the 

SNPs (n=127) were found in or near the TNFα gene, with rs2516424 
(p<1.00×10-325, OR 1.85) showing the highest OR and lowest p-value. 
Our RT-qPCR analysis revealed that the InAIP genes TLR3, TLR7, 
and OAS1 exhibited significantly lower expression in β-cells com-
pared to α-cells, with reductions of 72.1% (p=3.54×10-4, n=4), 44.8% 
(p=1.63×10-2, n=4), and 58.1% (p=4.70×10-2, n=4), respectively. 
Additionally, our study revealed that the transcriptional level of the 
InAIP genes IFIH1, ISG15, and OAS1 can be significantly upregulated 
in β-cells by stimulation with Imiquimod, resulting in increases of 
relative gene expression on 559% (p=3.45×10-2, CRTL, n=4; Imiqui-
mod, n=4), 2,013% (p=4.90×10-2, CRTL, n=4; Imiquimod, n=4), 
and 416% (p=8.53×10-3, CRTL, n=4; Imiquimod, n=3), respectively.
Conclusion: We identified several SNPs in InAIP genes that may 
explain the observed dysregulations of the same genes in pancreatic 
islets. Our in vitro analysis indicated that the inherent expression of 
central InAIP genes is reduced in β-cells compared to α-cells, poten-
tially explaining their vulnerability to enterovirus infections. Lastly, 
we showed that InAIP genes can be upregulated using Imiquimod, 
offering hope for a future preventive treatment of T1D.
Disclosure: M. Høj Jensen: None.
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Infectious disease and the risk of latent autoimmune diabetes in 
adults and type 2 diabetes
J. Edstorp1, M.  Rossides1,2, E.  Ahlqvist3, L.  Alfredsson1,4, B. 
 Rasouli1, T.  Tuomi5,6, S.  Carlsson1;
1Karolinska Institutet, Stockholm, Sweden, 2Karolinska University 
Hospital, Stockholm, Sweden, 3Lund University, Malmö, Sweden, 
4Center for Occupational and Environmental Medicine, Stockholm, 
Sweden, 5Helsinki University, Helsinki, Finland, 6Helsinki University 
Hospital, Helsinki, Finland.

Background and aims: Infections are associated with a higher risk 
of type 1 diabetes and autoimmunity, but it is unknown whether they 
are associated with latent autoimmune diabetes in adults (LADA) 
or type 2 diabetes. We examined whether a diagnosis of infectious 
diseases was associated with LADA or type 2 diabetes.
Materials and methods: We used data from a Swedish case-control 
study with incident cases of LADA (n=597) and type 2 diabetes 
(n=2065) and matched controls (n=2386). History of ≥1 infectious 
disease within 0-1, 1-3, and 3-5 years before diabetes diagnosis/
matching was ascertained using ICD-10 codes from national (inpa-
tient/outpatient) and regional (primary care) registers and categorized 
into respiratory (any/upper/lower), gastrointestinal, viral infections of 
the skin, other (including diseases not captured by above-mentioned 
categories), and any (including all the above-mentioned categories). 
We estimated odds ratios (OR) of LADA and type 2 diabetes associ-
ated with history of infectious disease and adjusted for age, sex, BMI, 
smoking, physical activity, education, alcohol consumption, number 
of care contacts and comorbidity.
Results: There was no elevated risk of LADA associated with prior 
infectious disease, except for lower respiratory infectious disease 
within 1 year before diabetes diagnosis (OR 1.65, CI 1.04, 2.60) 
(Figure 1A). For type 2 diabetes, a higher risk was seen in individu-
als with a diagnosis of any infectious disease and particularly in 
those with lower respiratory and other infectious diseases within 
1 year before diagnosis (Figure 1B). In addition, an increased risk 
of type 2 diabetes was observed in individuals with lower respira-
tory (OR 1.40, CI 1.06, 1.85) or gastrointestinal infectious diseases 
(OR 2.41, CI 1.21, 4.80), 1-3 years and 3-5 years prior to diabetes 
diagnosis, respectively.
Conclusion: Our findings do not support that infectious diseases 
increase the risk of LADA. A higher prevalence of infectious dis-
eases within 1 year before diabetes diagnosis likely reflects reverse 
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causation. Whether the associations between type 2 diabetes and 
lower respiratory and gastrointestinal infectious disease in earlier 
exposure windows are indicative of a causal link or a longer period 
of hyperglycemia preceding diagnosis remains to be explored.

Supported by: VR, FORTE, Novo Nordisk Foundation, Swedish 
Diabetes Foundation
Disclosure: J. Edstorp: None.
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Increased gingival crevicular fluid extracellular vesicles are 
involved in the crosstalk between periodontitis and gestational 
diabetes
M.L. Mizgier1, O.  Realini1, M.J.  Bendek1, S.  Monje2, A.  Figari2, 
V.  Ramirez1, M.  Hernandez3, A.  Chaparro2;
1Department of Periodontology, Centre for Biomedical Research, 
Faculty of Dentistry, Universidad de Los Andes, Santiago, Chile, 
2Universidad de los Andes, Santiago, Chile, 3Laboratory of Peri-
odontal Biology and Department of Pathology and Oral Medicine, 
Faculty of Dentistry, University of Chile, Santiago, Chile.

Background and aims: Periodontitis is an inflammatory disease 
affecting around 45-50% of the global population and over 60% of 
pregnancies, responsible for periodontal tissue destruction and tooth 

loss. At an epidemiological level, it is associated with type 2 diabetes 
and an increased risk of adverse pregnancy outcomes (APOs), such as 
gestational diabetes mellitus (GDM), preterm birth, and pre-eclampsia. 
However, the biological mechanisms linking periodontitis and distant 
systemic conditions, including GDM, remain elusive. We have postu-
lated that periodontitis-derived extracellular vesicles (EVs) could be 
involved in the low-grade systemic inflammation and crosstalk between 
both diseases. EVs are nanoparticles secreted by several cell types. 
Their cargo contains proteins and non-coding RNAs, important media-
tors in cell-to-cell communication by affecting the cell target pheno-
type. We aimed to explore and characterize gingival crevicular fluid 
(GCF; a serum exudate or transudate in periodontal pockets, which is 
exacerbated by the inflammation and diabetes) and plasma- EVs and 
their inflammatory cargo in women with GDM compared to healthy 
pregnancies and their relationship with periodontitis severity.
Materials and methods: A cross-sectional study was conducted. Preg-
nant women (n=109) were recruited at 24 to 32 gestational weeks. 
Demographic, obstetric, and periodontal data were recorded, and an 
oral glucose tolerance test was performed for GDM diagnosis. GCF 
and plasma samples were collected, and EVs were isolated by pre-
cipitation method or ultracentrifugation. EVs size and concentration 
were obtained by nanoparticle tracking analysis. EVs markers (CD81, 
CD9, CD63, syntenin-1, VL4-A, cytochrome c and cytokines cargo 
(C-peptide, MCP-1, IL1-β, IL-18, IL-10, C reactive protein, MIP-1α, 
and PlGF) were analyzed by multiplex immunoassay and EVs mor-
phology was assessed by transmission electron microscopy.
Results: 35.8 % of pregnancies were diagnosed as GDM. A significant 
increase in total GCF-EVs (p=0.02),GCF-small EVs (sEVs) (p=0.02), 
as well as plasma-sEVs (p=0.03).concentration was observed in GDM 
pregnancies, Furthermore, total GCF-EVs, large EVs, and sEVs concen-
tration were also increased in severe periodontitis p<0.0001 vs gingival 
health pregnancies. GCF- and plasma -EVs expressed CD9, CD63, syn-
tenin-1, and VL4-A. GCF-EVs CD81 was significantly down-expressed 
when comparing women with vs without periodontitis (p=0.01), while 
other GCF-EVs markers trend to decrease in GDM pregnancies and 
periodontitis vs control. In addition, C-peptide, IL-18, MCP-1, IL-10, 
C reactive protein, and PlGF were significantly decreased in GCF-EVs 
from periodontitis pregnancies vs gingival health pregnancies (p<0.05).
Conclusion: GDM and periodontitis increased GCF-EVs, which 
could contribute to low-grade systemic inflammation and intolerance 
of glucose mechanisms during pregnancy. GCF-EVs from pregnant 
women with periodontitis had an inflammatory cargo profile that 
could be involved in GDM.
Supported by: FONDECYT REGULAR 1211471
Disclosure: M.L. Mizgier: None.
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Type 1 diabetes exchange online registry: characteristics of diabetes 
management among over 14,500 individuals with type 1 diabetes
K.M. Miller, H. Nguyen, M.E. Peter, C.S. Kelly, D. Finan, W.A. Wolf;
T1D Exchange, Boston, MA, USA.

Background and aims: The T1D Exchange Online Registry (i.e., 
Registry) was launched in 2019 after the closure of the previous 
clinic-based registry. The key objectives of the Registry are to 1) 
build a comprehensive longitudinal registry database to understand 
how people manage type 1 diabetes (T1D) over time and 2) connect 
participants to external and internal research opportunities in T1D. 
The Registry has over 18,500 participants enrolled and continues 
to add approximately 100 new participants from across the United 
States each week.
Materials and methods: Potential Registry participants are recruited 
through a variety of channels including social media, T1D influenc-
ers, and affiliated organizations. After completing a brief screener to 
confirm T1D diagnosis, participants provide online consent, then com-
plete an enrollment questionnaire capturing background/demographic 
information, socioeconomics, general health information, diabetes 
management information, and self-reported outcomes. Participants 
are contacted annually to complete update questionnaires, and peri-
odically for targeted surveys and study recruitment opportunities. This 
report includes 14,626 participants who completed at least one ques-
tionnaire since January 2021. Self-reported diabetes management data 
were tabulated and the association between device use and an adjusted 
linear regression model was used to assess the association between 
device use and HbA1c.
Results: Participants (N = 14626) ranged in age from 1 to 92 years 
(68.5% female, 90.7% white, 6.8% Hispanic). Diabetes management 
characteristics by age group are shown in the Table. After adjust-
ing for age and insurance status, HbA1c was lowest in participants 
using hybrid closed loop (Mean= 6.8%/50.8 mmol/mol) and highest 
in those using multiple daily injections without a continuous glucose 
monitor (Mean= 8.6%/70.5 mmol/mol) (P<0.001).
Conclusion: The current T1D Exchange Online Registry cohort con-
sists primarily of diabetes technology users, with around 50% meeting 
American Diabetes Association targets of HbA1c < 7.0%/53 mmol/
mol. Although this cohort is not representative of the general US 
population, this highly engaged Registry cohort provides opportu-
nities for conducting deeper dives into research questions through 
virtual studies and for rapid study recruitment.

Supported by: the Leona M. and Harry B. Helmsley Charitable Trust
Disclosure: K.M. Miller: Grants; Leona M. and Harry B. Helmsley 
Charitable Trust #2103-05086.
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Screening for paediatric type 1 diabetes: a qualitative exploration 
of parent and stakeholder views [ELSA 1 Study]
M.J. Randell1, T.  Horgan2, R.  Dias3,4, R.  Rashid5,6, J.  Garstang7, 
D.  Shukla8,9, P.  Narendran10, S.M.  Greenfield8, A.  Richter11, F. 
 Boardman1, I.  Litchfield8, L.M.  Quinn12;
1Warwick Medical School, University of Warwick, Coventry, UK, 
2College of Medical and Dental Sciences, University of Birmingham, 
Birmingham, UK, 3Birmingham Women’s and Children’s NHS Founda-
tion Trust, Birmingham, UK, 4INNODIA Principle Investigator, Bir-
mingham Children’s Hospital, Birmingham, UK, 5School of Medicine, 
Dentistry, and Nursing, University of Glasgow, Glasgow, UK, 6Children 
& Young People’s Diabetes Service, Royal Hospital for Children, Glas-
gow, UK, 7Birmingham Community Healthcare NHS Foundation Trust, 
Birmingham, UK, 8Institute of Applied Health Research, University 
of Birmingham, Birmingham, UK, 9Primary Care (West Midlands), 
National Institute for Health and Care Research, Birmingham, UK, 
10Immunology and Immunotherapy, University of Birmingham, Bir-
mingham, UK, 11Clinical Immunology Service, University of Birming-
ham, Birmingham, UK, 12Institute of immunology and Immunotherapy, 
University of Birmingham, Birmingham, UK.

Background and aims: The EarLy Surveillance for Autoimmune diabetes 
(ELSA) study is screening 20,000 children in the UK aged 3-13 years for 
type 1 diabetes through measurement of islet autoantibodies. Screening aims 
to prevent diabetic ketoacidosis at clinical onset of disease, reducing mortal-
ity, and identifies the population who could benefit from prevention trials. 
The ELSA-1 study aimed to explore the perspectives of parents and stake-
holders on the relative benefits and limitations of type 1 diabetes screening.
Materials and methods: Sixty semi-structured interviews were conducted 
with 36 parents and 27 stakeholders. Stakeholders included general practition-
ers, paediatricians, adult diabetes consultants, allied health care professionals, 
policymakers, and other non-healthcare setting stakeholders. Thematic analy-
sis was undertaken using N-Vivo software to help identify themes.
Results: Overall, parents were supportive of screening (n=33/36). This 
included all the parents (n=11) who either had type 1 diabetes themselves 
or had a child with it. Parents cited being better prepared for the future, 
preventing emergency presentation at diagnosis, and monitoring follow-up 
to track progression as benefits of screening. Concerns included the burden 
of ‘living with risk’ and psychological harms of screening older children. 
Parents emphasised the need for education and support for families when 
children were identified at-risk. The lack of preventative treatment negated 
the benefits of screening for a third of stakeholder participants. Manag-
ing children at-risk within current NHS system pressures was also raised. 
Stakeholders identified the need for consensus guidelines for a monitoring 
programme, including recommendations for management in primary and 
secondary care. They emphasised the need for appropriate psychological 
support for families with a child at-risk. Overall, screening stakeholders 
agreed screening was an important area of research.
Conclusion: ELSA-1 provides the first qualitative interview data in 
the UK to show that parents are supportive of type 1 diabetes screen-
ing with appropriate education and support in place, and stakeholders 
recognise the importance of screening research.
Supported by: JDRF, Diabetes UK
Disclosure: M.J. Randell: None.
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Association of GADA-positivity with beta cell function in individu-
als without diabetes in Botnia Prospective and PPP-Botnia studies
L. Hakaste1,2, M.  Lehtovirta2, O.P.  Dwivedi2, K.  Lahti3, T.  Tuomi2,1;
1Folkhälsan Research Center, Helsinki, Finland, 2University of Hel-
sinki, Helsinki, Finland, 3Wellbeing Services County of Ostrobothnia, 
Vaasa, Finland.
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Background and aims: GADA-positivity is common in autoimmune 
diabetes and increases the risk of future diabetes. The aim was to 
study association of GADA-positivity with beta-cell function over 
time in individuals without diabetes at baseline. We hypothesize that 
deterioration of insulin secretion over time is more pronounced in 
individuals with GADA-positivity compared to those without.
Materials and methods: 103 GADA positive (GADA+) non-diabetic 
individuals (cases) with three matched (sex, age ± 5 years, BMI ± 3 
kg/m2) controls for each, were drawn from family and population based 
Botnia Prospective (BPS) and PPP-Botnia (PPP) studies conducted in 
Finland in 1990-2023. To characterize factors predisposing to diabetes, 
the participants were prospectively followed with OGTTs (blood sam-
pling at 0, 30 and 120 min), except for the last PPP-Botnia visit with 
only fasting test unless previous prediabetes or fasting glucose ≥5.5 
mmol/l or HbA1c ≥ 48 mmol/mol. We analyzed data from the first visit 
with positive GADA (basal) and the latest available visit [follow-up 
(FU)]. GADA was analyzed with four different RIA/Elisa methods.
Results: After the matching, the proportion of women (45%), median 
(interquartile range, IQR) of age [51.2 (25.3) and 51.8 (25.6) years] 
and BMI [26.6 (5.3) and 26.1 (5.2)] was similar in cases and controls. 
After the median FU time of 10 years, the BMI of cases was non-sig-
nificantly lower than that of controls [26.7 (5.1) and 27.0 (5.6)]. We 
note that the HOMA2B and DI were nominally lower in the cases at 
the basal and FU visit, but the cases and controls did not significantly 
differ regarding plasma glucose, serum insulin or insulin to glucose 
ratio during OGTT, or measures of insulin secretion [HOMA2-B, 
corrected insulin response (CIR)] or resistance [HOMA2-IR, insulin 
sensitivity index (ISI)] or disposition index (DI) either at basal or 
FU visit (Mann-Whitney U test, table). Linear regression analysis 
adjusted for age, sex, and BMI (and FU time) did not show an asso-
ciation between GADA-positivity and insulin secretion, insulin resist-
ance or DI at baseline or FU.
Conclusion: Insulin secretion of GADA+ non-diabetic individuals 
was similar to that of GADA-negative individuals cross-sectionally 
and after 10 years. To understand how GADA positivity increases 
the risk of diabetes, we will add the effect of polygenic scores for 
T2D and T1D in the analyses.

Disclosure: L. Hakaste: None.
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Implementation of genetic risk score for type 1 diabetes in chil-
dren with newly diagnosed diabetes
M. Skopkova1, Z.  Dobiasova1, M.  Karhanek1, F.  Gregus1, D. 
 Lobotkova2, E.  Jancova2, L.  Barak2, J.  Stanik2, D.  Gasperikova1;
1Department of Metabolic Disorders, Biomedical Research Center 
SAS, Bratislava, Slovakia, 2Medical Faculty of Comenius University 
and National Institute of Children’s Diseases, Bratislava, Slovakia.

Background and aims: Differential diagnosis among etiological 
subtypes of diabetes is a challenge mainly in neonates, children and 
young adults. Genetic risk score (GRS) for type 1 diabetes (T1D) 
is a continuous variable reflecting odds ratios of multiple polymor-
phisms associated with T1D. It can be used as an additive marker 
to already existent protocols of differential diagnosis and it can aid 
the discrimination of the cases where clinical aspects or biomarkers 

are ambiguous. Aims of this study are to assess the GRS for T1D in 
newly diagnosed patients with diabetes, to do a pilot screening for 
patients with monogenic diabetes among those with the lowest GRS 
and to determine the discriminative power of the GRS test between 
T1D and monogenic diabetes in Slovak population.
Materials and methods: DNA samples from 812 children with newly 
diagnosed diabetes in the years 2008-2023, 204 control subjects (179 
unrelated patients with monogenic diabetes and 25 healthy controls older 
than 40 years) were analyzed using Infinium Global Screening Array 
MD v3 microarray containing ~725,000 SNPs. Genotypes needed for 
determination of GRS were extracted from the data, missing genotypes 
were determined using KASP assay and 10 SNP GRS-T1D was counted. 
Sanger sequencing and sequencing of a panel of genes linked to mono-
genic diabetes was performed in patients with the lowest GRS values.
Results: Mean 10 SNP GRS-T1D was significantly lower in healthy 
controls and patients with monogenic diabetes than in newly diag-
nosed children with diabetes (9.27 ± 2.2 and 9.55 ± 1.8 vs. 11.4 
± 2.9, respectively; p < 0.0001). ROC analysis of 10 SNP GRS 
showed AUC = 0.847 (95 % CI = 0.818 - 0.876) and the optimal 
cut-off was set to 10.89 with the Youden index of 0.573. From the 
cohort of newly diagnosed children, 21 from 183 patients with GRS 
under the cut-off 10.89 have been diagnosed with stress-induced 
or steroid-induced diabetes, while only one from 629 patients with 
GRS over the cut-off. Similarly, 10 from 183 patients with GRS 
under the cut-off were diagnosed with DM2 while only 2 from 
629 patients with the values over the cut-off. So far, 4 patients 
with monogenic diabetes of GCK-MODY type have been identified 
among the patients with the lowest GRS values in this pilot study.
Conclusion: Significant part of patients with GRS under the 
cut-off was diagnosed with diabetes of other type than T1D. 10 
SNP T1D-GRS has the capacity to contribute to distinguishing of 
patients with T1D from patients with other types of diabetes.
Supported by: Ministry of Health 2019/20-LFUK-8, VEGA 0131/21 
and VEGA 1/0659/22
Disclosure: M. Skopkova: None.
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Islet autoimmunity and progression to type 1 diabetes in children 
with and without an affected first-degree relative in the Finnish 
DIPP study
S. Kuusela1,2, J.  Koskenniemi3,4, T.  Valtanen1, T.  Pokka1, T. 
Härkönen5, J.  Ilonen3, J.  Lempainen3,4, A. Kyrönniemi1, J.  Toppari3,4, 
M.  Knip5, P.  Keskinen2, R.  Veijola1;
1Department of Pediatrics, Research Unit of Clinical Medicine, 
Medical Research Center, Oulu University Hospital and University 
of Oulu, Oulu, Finland, 2Department for Children and Adolescents, 
Tampere University Hospital, Tampere, Finland, 3Institute of Bio-
medicine, University of Turku, Turku, Finland, 4Department of 
Pediatrics, Turku University Hospital, Turku, Finland, 5Children’s 
Hospital, University of Helsinki and Tampere Center for Child Health 
Research, Tampere University Hospital, Tampere, Finland.

Background and aims: Children with a first-degree relative (FDR) 
with T1D are at increased risk to develop T1D. Their disease process 
may differ from that in those without an FDR, but this has not been 
clearly described. Clinical diagnosis of T1D is preceded by a subclini-
cal phase characterized by the presence of circulating islet autoantibod-
ies. Our aim was to examine whether there are differences in the risk 
of islet autoimmunity and rate of progression to T1D between children 
with and without an FDR with T1D.
Materials and methods: In the Finnish population-based prospective 
Type 1 Diabetes Prediction and Prevention (DIPP) study children at 
increased HLA-conferred risk of T1D are invited to participate in 
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follow-up with serial autoantibody measurements from age 3 months 
until age 15 years. Information on family history of T1D among first-
degree relatives was recorded at the time of birth and during the 
follow-up. Autoantibodies against insulin (IAA), glutamic acid decar-
boxylase (GADA), insulinoma associated antigen 2 (IA-2A), and zinc 
transporter 8 (ZnT8A) were analysed. Seroconversion was defined as 
positivity against the same autoantigen(s) in two subsequent samples 
drawn within 14 days to 14 months apart.
Results: We identified 1,334 children who had seroconverted to posi-
tivity for at least one islet autoantibody. At the time of birth, a total 
of 145 (10.9%) children had at least one first-degree family member 
affected by T1D (FDR+). At seroconversion FDR+ children tested 
more often positive for GADA and multiple autoantibodies than FDR- 
children (Table). During follow-up FDR+ positive children were more 
often positive for GADA, IA-2A, and multiple autoantibodies com-
pared to FDR- children. Median age at seroconversion and at diagnosis 
of T1D did not differ significantly between the FDR+ and FDR- chil-
dren. However, FDR+ children progressed more frequently to T1D 
than FDR-, and the time from seroconversion to diagnosis was shorter 
in FDR+ than in FDR- children.
Conclusion: DIPP children with at least one first-degree relative with 
T1D were more frequently GADA positive or multipositive at sero-
conversion, developed more often IA-2A positivity during follow-up, 
and progressed more frequently and faster to T1D than those without 
an affected FDR.

Clinical Trial Registration Number: NCT03269084
Supported by: JDRF, Academy of Finland, The Leona M. and Harry 
B. Helmsley Charitable Trust, University Hospitals
Disclosure: S. Kuusela: Grants; The Alma and K.A. Snellman Foun-
dation, Oulu, Finland, The Diabetes Research Foundation.
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Heterogeneity of human islet-derived extracellular vesicles and 
their roles in the cross-talk between beta cells and immune cells 
during type 1 diabetes pathogenesis
X. Wang1, T.  Zhao1, W.  Deng2, Z.  Luo1, R.  Lindsay1, Z.  Jin1, K. 
 Singh1, G.  Christoffersson1, D.  Espes1, P.-O.  Carlsson1;
1Uppsala University, Uppsala, Sweden, 2Harvard T.H. Chan School 
of Public Health, Boston, MA, USA.

Background and aims: Pancreatic islet cells can selectively and 
actively release extracellular vesicles (EVs). EVs circulating in the 
blood serve as disease mediators and promising biomarkers for T1D. 
The aim of the present study is to use proximity barcoding assay 
(PBA) for single EV surface protein profiling to characterize the het-
erogeneity of human islet-derived EVs and to investigate the impact 
of specific islet derived EV populations on peripheral blood mono-
nuclear cells (PBMCs) with particular focus on membrane protein 
guided EV uptake and downstream immune response triggering.
Materials and methods: EVs from cultured human islets with and 
without cytokines (IL-1β and IFN-γ for 24h or 48h) or other relevant 
cells were isolated by a classic ultra-centrifugation procedure. NTA, 
TEM, immunoblotting, PBA and nanoscale flow cytometry were 

applied for EV characterization and quantification. The PBA data was 
processed by an unsupervised machine learning algorithm, FlowSOM.
Results: PBA detected distinct EV membrane profiles of EVs derived 
from human islets, the EndoC-betaH1 cell line, islet stellate cells (ISC) 
and plasma, which highlights the possibility to use PBA to track EV 
origins. Multidimensional scaling analysis showed that the combination 
of two or more markers largely increased the accuracy in EV origin 
prediction. We observed a sub-population of EVs that co-expressed 
the combination of CD44&MUC1&ICAM1 on EV surface. We could 
not detect this sub-population in EndoC and ISC-derived EVs but only 
in islet-derived EVs. Interestingly, the percentage of this population 
increased significantly (from 0.82% to 4.40%, n=6, P=0.01, paired 
T-test) after 24h cytokines exposure. The combination of single cell 
RNA-seq data of islets and PBA EV data identified that CD44 and 
MUC1 were cell type-specific EV markers of ductal cells. ICAM1 was 
a cytokine-inducible EV marker. To further confirm this, we isolated 
EVs from EndoC beta-cell line and ductal PANC1-1 cell line and con-
firmed these markers by both PBA and nanoscale flow cytometry. So 
this CD44&MUC1&ICAM1 positive EV population was very likely 
secreted from cytokine-stressed ductal cells. When we compared the 
changes of human islet-derived EV membrane profiles before and 
after a 24h cytokines treatment, we detected up-regulation of ICAM1, 
LAMP1, CD164, INSR and down-regulation of CXCR5, MCAM and 
TLR4. Changes of cytokine-treated human islet EV membrane pro-
files were associated with faster uptake of EV by peripheral blood 
monocytes and increased secretion of pro-inflammatory cytokines 
IL-1beta, TNF alpha and IL-6. Confocal microscopy confirmed the 
co-localization of CD11c on monocytes with ICAM1 on EVs by both 
regular IF staining and in-situ PLA (detects protein-protein interaction 
within 40nm). Blocking ICAM1 on EVs by a functional grade antibody 
abolished the increased uptake process of cyto-EVs.
Conclusion: The study established a method to dissect the heteroge-
neity of human islet-derived EVs through membrane protein profiling 
and highlight the importance of EV membrane protein on EV uptake 
and downstream immune response triggering in T1D. Future study is 
warrant to test the feasibility to use PBA for plasma EV analysis for 
T1D early diagnosis and progression biomarker development.
Supported by: Barndiabetesfonden
Disclosure: X. Wang: None.
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Study of genetic association of HLA-B alleles (HLA-B*39:06, 
HLA-B*39:01, HLA-B*38:01) differentially associated with type 
1 diabetes
A.W.P. Amarajeewa1, A.  Ozcan2, A.  Mukhtiar1, W.  Qianyu1, R. 
 Xu1, P.  Ozbek2, M.A.  Garstka1, O.  Sercinoglu3;
1Core Research Laboratory, The Second Affiliated Hospital, School 
of Medicine, Xi’an Jiaotong University, Xi’an, China, 2Faculty of 
Engineering, Department of Bioengineering, Marmara University, 
Istanbul, Turkey, 3Department of Bioengineering, Faculty of Engi-
neering, Gebze Technical University, Gebze, Turkey.

Background and aims: T1DM is a chronic autoimmune disease which 
is characterized by the destruction of pancreatic beta cells. Human 
leukocyte antigen (HLA) class I molecules recognize and bind with the 
beta cell derived peptides and present at the cell surface for immune 
surveillance by specific cytotoxic CD8+ T cells. We focused on 3 
allotypes encoded by HLA-B; HLA-B*39:06, HLA-B*39:01, HLA-
B*38:01 which are differentially associated with T1DM progression. 
HLA-B*39:06 is highly predisposing while HLA-B*39:01 and HLA-
B*38:01 are weakly predisposing and protective allotypes respectively. 
Our main aim was to address possible reasons behind the differential 
association of HLA-B*39:06, HLA-B*39:01 and HLA-B*38:01 allo-
types with T1DM progression.
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Materials and methods: Localization and stability of HLA-B 
allotypes were determined by Endoglycosidase H (EndoH) 
and cyclohexamide assays, respectively. Antigen selection was 
defined by predicting strongly and weakly binding peptides using 
PVACBIND software, analyzing their sequences and binding affin-
ity distribution, and determining interactions within peptide bind-
ing pockets by so-called frustrational analysis.
Results: HLA-B*39:06 and HLA-B*39:01 had higher proportions 
of EndoH resistant forms than HLA-B*38:01. Moreover, predis-
posing allotypes had a rapid degradation than HLA-B*38:01 under 
peptide sufficient conditions. However, protective allotype had a 
rapid degradation following the same trend as HLA-B*39:06 and 
HLA-B*39:01 under peptide deficient conditions. Furthermore, 
HLA-B*39:06 and HLA-B*39:01 preferentially bound 9 amino 
acid-long peptides while HLA-B*38:01 bound 10 amino acid-long 
peptides. Besides, peptides binding to HLA-B*39:06 and HLA-
B*39:01 had narrower affinity distribution than those binding 
to HLA-B*38:01. Moreover, HLA-B*38:01 bound peptides with 
a higher frequency of histidine at position 2 than predisposing 
alleles. Residue 67 (B pocket), showed the lowest, while residue 
84 (F pocket) had the highest frustration in all the allotypes. Also, 
D pocket residue 159 was highly frustrated during the frustration 
of binding pocket residues of peptide bound HLA. Besides, P2 and 
P9 contacting residues showed considerable differences in median 
frustration index values (FI) of polymorphic residues (74, 77, 80, 
81, and 97) between predisposing and protective alleles. Moreover, 
broader FI distribution was observed for the binding pocket resi-
dues of HLA-B*38:01 than predisposing allotypes.
Conclusion: HLA-B*39:06 and HLA-B*39:01 have a higher tendency 
to go towards cell surface for presentation of peptides than HLA-
B*38:01. Furthermore, predisposing allotypes can bind to diversity of 
peptides while protective allotype shows more restricted nature to bind 
with peptides. Our data suggest that, HLA-B*39:06 and HLA-B*39:01 
have the ability to bind with variety of beta cell derived peptides than 
HLA-B*38:01 to present at the cell surface for immune surveillance 
by CD8+ T cells during the progression of T1DM.
Supported by: NSFC (81870536), GTU BAP Project (2021-A-110-01)
Disclosure: A.W.P. Amarajeewa: Grants; National Natural Science 
Foundation of China project grant (81870536), Grant from Gebze 
Technical University BAP Project No 2021-A-110-01.
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Descriptive analysis of solid organ transplants among individuals 
with type 1 diabetes in the United States
M. Wijkstrom1, K.  Hagan2, L.  Titievsky2, K.  Chandarana2, B. 
 Bruinsma2, C.  Vick3, A.  Joyce3, J.  Snyder4;
1University of Pittsburgh Medical Center, Pittsburgh, PA, USA, 
2Vertex Pharmaceuticals Incorporated, Boston, MA, USA, 3Venebio 
Group, North Chesterfield, VA, USA, 4Scientific Registry of Trans-
plant Recipients, Minneapolis, MN, USA.

Background and aims: While some individuals with type 1 diabetes (T1D) 
may receive a solid organ transplant due to the severity (e.g., pancreas trans-
plant) and/or consequences (e.g., kidney transplant) of their T1D, the epide-
miology of solid organ transplants in this population, including trends over 
time and clinical characteristics, are not well described.
Materials and methods: Using data from the Scientific Registry 
of Transplant Recipients (SRTR), which includes data on all solid 
organ transplant recipients in the United States, a descriptive analysis 
among adults (≥ 18 years [y]) with T1D was performed to understand 
the number, type of transplant, and characteristics of this population 
who have had a transplant from 2000-2022.
Results: From 2000 - September 2022, over 42,000 solid organ 
transplants were performed among adults with a history of T1D. 
At the time of transplant mean age was 45 y; 58% were performed 
among males; 83% white; 47% privately insured, 46% Medicare, 
and 6% Medicaid. The most common transplant types among indi-
viduals with a history of T1D were kidney only (n=17,451), simul-
taneous kidney/pancreas (n=15,515), and pancreas only (n=5,754). 
Adults with a history of T1D also received liver (n=2,099), heart 
(n=831), and lung transplants (n=1,004). T1D was included as the 
indication for 93% of kidney only, simultaneous kidney/pancreas, 
and pancreas only transplants. The number of kidney only, simul-
taneous kidney/pancreas, and pancreas only transplants generally 
decreased from 2000-2014 and has remained relatively constant 
since 2014 (Figure).
Conclusion: A considerable number of solid organ transplants 
have been performed among individuals with a history of T1D over 
a 20+ year time frame. Despite some reduction in kidney only, 
simultaneous kidney/pancreas, and pancreas only transplants since 
2000, there remains a substantial number of T1D patients requiring 
transplants for end organ damage and/or challenging T1D manage-
ment. Overall, this continued requirement for transplants highlights 
the severity and consequences of T1D, and the need for novel T1D 
treatments.

Supported by: Vertex Pharmaceuticals
Disclosure: M. Wijkstrom: Grants; Participant in a clinical trial spon-
sored by Vertex. Payment to my institution: University of Pittsburgh 
Medical Center.
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Differences in glucose concentrations from whole blood and 
sodium-fluoride citrate plasma impact on assessment of diabetes 
prevalence
G. Heilmann1,2, S.  Trenkamp1,2, I.  Yurchenko1,2, K.  Strassburger1,2, 
M.M. Rodríguez3, C. Möser1,2, M.  Bombrich1,2, M. Schön1,2, O.P. 
 Zaharia1,2, V.  Burkart1,2, R.  Wagner1,2, M.  Roden1,2;
1German Diabetes-Center, Düsseldorf, Germany, 2German Center 
for Diabetes Research, München-Neuherberg, Germany, 3Centro 
Singular de Investigación en Tecnoloxías Intelixentes, Santiago de 
Compostela, Spain.

Background and aims: In metabolic tests and clinical settings requir-
ing rapidly availability of results, circulating glucose levels are meas-
ured from whole blood, which shall reveal similar results as derived 
from pertinent types of plasma after multiplication with a conversion 
factor. The American Diabetes Association recently recommended 
the use of sodium-fluoride citrate-containing tubes for more accurate 
assessment of blood glucose levels. Nevertheless, comparisons of glu-
cose levels from whole blood and sodium-fluoride citrate plasma are 
rare. In this study, we compared the measurements of glucose levels 
from whole blood and sodium-fluoride citrate plasma and estimated 
the impact of any difference on diabetes prevalence.
Materials and methods: We compared glucose levels from sodium-
fluoride citrate plasma and whole blood in 584 paired measurements in 
people with normal glucose tolerance, prediabetes and type 2 diabetes. 
Subsequently, the difference was calculated using Bland-Altman analy-
sis. The impact on diabetes prevalence was estimated by survey weight 
recalibration from the population-based National Health and Nutrition 
Examination Survey using sodium-fluoride plasma.
Results: Our analysis revealed that glucose levels were 4.7% higher in 
sodium-fluoride citrate plasma than in whole blood, even after adjusting 
with the recommended conversion factor. The difference was consist-
ent between people with different glucose tolerance (p=0.322, one-way 
ANOVA) including those with normal glucose tolerance, prediabetes 
and type 2 diabetes (p=0.322, one-way ANOVA) and decreased slightly 
in the higher glucose range for overall comparison (p=0.009) and in 
type 2 diabetes subgroup (p<0.001). The conversion factor was con-
firmed as glucose levels from fluoride-heparin plasma were not different 
compared to converted whole blood (p=0.630). We also found a posi-
tive correlation between the difference in glucose levels and hematocrit 
(p=0.026). Considering the 4.7% difference, we calculated an increase 
of 13.7% or about 7 million people in the U.S. population when diabetes 
is diagnosed from fasting blood glucose levels.
Conclusion: Circulating glucose levels from whole blood and sodium-fluo-
ride citrate plasma markedly differ and thereby alter assessment of diabetes 
prevalence. Future studies and guidelines should account for this difference.

Clinical Trial Registration Number: NCT01055093, NCT05046483, 
NCT04607096, NCT00005154
Supported by: We acknowledge all public and private supports of this 
study, especially by DZD.
Disclosure: G. Heilmann: None.
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Incidence trend of type 2 diabetes in Germany from 2012 to 2021
C.T. Lehner1, M.  Eberl1, E.  Donnachie2, L.F.  Tanaka1, G. 
 Schauberger1, F.  Schederecker1, S.J.  Klug1;
1Chair of Epidemiology, Department of Sport and Health Sciences, 
Technical University of Munich, Munich, Germany, 2Bavarian Asso-
ciation of Statutory Health Insurance Physicians, Munich, Germany.

Background and aims: Due to missing national and federal diabetes 
registries, reliable data about diabetes incidence and its regional dis-
tribution are lacking in Germany. Previous reports of type 2 diabetes 
incidence in Germany were limited to short observation periods and/
or data from selected health insurance companies. The aim of the study 
is to describe the time trend of type 2 diabetes incidence in Bavaria, 
Germany from 2012 to 2021 and to compare the incidence rates in 
the pandemic period (2020-2021) to the reference period (2012-2019).
Materials and methods: This ecological study uses health claims 
data provided by the Bavarian Association of Statutory Health 
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Insurance Physicians (KVB), covering approximately 85% of the 
total population of Bavaria, Germany. Newly diagnosed type 2 
diabetes cases of adults (≥20 years) coded as E11 (Type 2 diabe-
tes mellitus) and E14 (Unspecified diabetes mellitus) under ICD-
10-GM for the study period 2012 - 2021 were included. Annual and 
quarterly age-standardized incidence rate (ASIR) stratified by sex-, 
age- and region was calculated using the European standard popu-
lation. Sex-specific crude incidence rates (CIR) were calculated 
by 10-year age groups and regional ASIR for all seven districts 
and 96 counties of Bavaria. Regression analysis adjusted for time 
trends, seasonal effects and pandemic effects was used to analyze 
the incidence trend and to assess the pandemic effect.
Results: Overall, 745,861 new type 2 diabetes cases were diagnosed 
from 2012 to 2021: 50.4% (376,193 cases) in women. The male/
female ratio remained stable over the observation period, while the 
median age at diagnosis decreased from 61 to 58 years in men and 
from 65 years to 61 years in women. ASIR was consistently higher for 
men compared to women with the yearly difference remaining stable 
over time (2012:18% and 2021: 20%). An overall decreasing trend 
in ASIR was observed during the study period with a rapid decrease 
from 2012 to 2017, followed by a less pronounced decline from 2018 
to 2021. This downward trend was also seen for age groups 50+ years. 
All seven Bavarian districts showed a similar decreasing pattern and 
no major regional differences were detected. Regression analysis 
showed no significant change in incidence rates during the pandemic 
period (2020 - 2021), when comparing it to the previous period.
Conclusion: The study shows a strong declining trend in type 2 dia-
betes incidence from 2012 to 2017, followed by a less pronounced 
decline from 2018-2021. The decline of type 2 diabetes incidence 
may be driven partially by increased awareness of type 2 diabetes 
prevention, changes in lifestyle factors and changes in diabetes diag-
nostic and screening practices. The incidence trend of type 2 diabetes 
appears not to be affected by the first two years of the COVID-19 
pandemic.
Supported by: This project is funded by the Deutsche Forschungsge-
meinschaft (German Research Foundation) under the project number 
458556631.
Disclosure: C.T. Lehner: Grants; Deutsche Forschungsgemeinschaft 
458556631.

350
Implementation of diabetes screening recommendations in adults 
over 40 years of age in the Czech Republic during 2014 and 2019: 
a cross-sectional study
J. Urbanová1, M. Lustigová2,3, A. Frűhaufová4, P. Krollová5, P. 
 Kankanala5, K.  Jahrami5, J. Brož5;
1Department of Internal Medicine, Faculty Hospital Kralovske 
Vinohrady, 3rd Faculty of Medicine, Charles University, Prague, 
Czech Republic, 2Department of Social Geography and Regional 
Development, Faculty of Science, Charles University, Prague, Czech 
Republic, 3The National Institute of Public Health, Prague, Czech 
Republic, 4Primary care department, Faculty Hospital Motol, Prague, 
Czech Republic, 5Department of Internal Medicine, Faculty Hospital 
Motol, 2nd Faculty of Medicine, Charles University, Prague, Czech 
Republic.

Background and aims: Diabetes mellitus (DM) is nowadays one of the 
most frequent metabolic disorders in the world. Its prevalence among people 
of all-age groups has been increasing globally over the last few decades. 
Thus, its regular screening is recommended. Fasting plasma glucose (FPG), 
2-hour plasma glucose during 75-grams oral glucose tolerance test and gly-
cated hemoglobin, are the most commonly used biochemical tests. ADA 
recommends screening for prediabetes and type 2 DM from the age of 35 
for all people, at a minimum of 3-year intervals, or sooner with symptoms or 

change in risks. According to the local recommendation in the Czech Repub-
lic in each person of age ≥40 years FPG level should be screened every two 
years and those at a higher risk of DM every year. The aim of the study is to 
verify how these recommendations are followed in clinical practice.
Materials and methods: Data from cross-sectional survey EHIS 
(European Health Interview Survey) conducted in the Czech Republic 
in 2014 and 2019 were used. Only study participants of age ≥40 and 
those who did not suffer from DM were involved into the analysis. 
Participation on the DM screening was assessed as the answer to the 
question in the EHIS questionnaire: ,,When was the last time you 
had your blood sugar measured by a healthcare professional?“ Based 
on the answer the participants were divided into three groups: 1) 
screened for DM within the last 12 months; 2) within the last 13-36 
months; 3) before a longer period of time than 36 months. These data 
were correlated to the sociodemographic and lifestyle characteristics 
and anamnestic data collected through the health questionnaires.
Results: A total of 4106/4981 participants in 2014/2019 were enrolled 
in the study (~40% men, 60% women). Of those, 67.3%/62.9% were 
screened within the past 12 months, 24.7%/29.3% were screened 1 
to less than 3 years ago, 7.9%/7.8% were screened more than 3 years 
ago in 2014/2019. Women were more frequently screened within 12 
months, compared to men. The frequency of screening significantly 
increased with age, the highest was seen among the age groups of 
60-69 years in 2014 and 65-74 in 2019. Participation in screening was 
significantly higher among those with primary and vocational educa-
tion (54%/50.7%), overweight (44.2%/44.8%), and those who reported 
normal blood pressure (61.7%/60.5%), and normal cholesterol levels 
(78.9%/79.8%), further, among non-smokers (51.8%/58.2%) or popu-
lation with zero physical activity (80.5%/74.9%), in both of the study 
years. The proportion of unexamined obese and overweight individuals 
in the last 12 months was 26.2%/30.5% and 31.4%/36.6%, respectively.
Conclusion: DM screening was performed at least once every 3 years 
for 92% of respondents in 2014 as well as in 2019. However, more 
than a quarter of obese or overweight people have not been screened 
in the last 12 months and the proportion of these patients increased 
in 2019 compared to 2014.
Disclosure: J. Urbanová: None.

351
Differences in screening-detected type 2 diabetes: evidence from 
two campaign setups in Denmark
T. Thybo, N. Cayuelas i Mateu;
Danish Diabetes Association, Glostrup, Denmark.

Background and aims: Early detection of type 2 diabetes mellitus 
(T2DM) increases life expectancy of T2DM patients and reduces 
societal health care costs. Targeted screening campaigns are used for 
early detection of T2DM, but different campaign setups may yield 
different detection results.
Materials and methods: Between June and November 2022, the Dan-
ish Diabetes Association offered free capillary HbA1c tests to individu-
als at high risk of developing diabetes based on the Leicester’s Risk 
Score questionnaire (score ≥ 16 points). Two campaign setups were 
applied: a) an event-based community screening campaign in 20 of the 
largest Danish cities using a portable Point of Care Testing analyzer 
and b) a social media campaign offering at-home self-sampling tests 
using mailed Hemoglobin Capillary Collection System.
Results: A total of 1,337 and 2,655 individuals at high risk were tested 
through the community and the social media setup, respectively. The pro-
portion of men and women in both setups were evenly balanced across 
all age groups. However, compared to the social media setup, in the com-
munity setup the proportion of individuals aged below 60 years was 14 
percentage points lower, while the proportion of individuals aged 70 years 
or older was 14 percentage point higher. While 2.6% of the participants in 
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both setups had HbA1c values ≥ 48 mmol/mol, 8.8% in the community 
setup and 15.6% in the social media setup had HbA1c values of 42-47 
mmol/mol. The relative difference in the proportion of participants with 
HbA1c values of 42-47 mmol/mol was balanced across all age groups.
Conclusion: Targeted community and social media screening cam-
paigns are complementary. While older individuals (70 years or above) 
tend to participate in the community screening campaign, younger 
individuals (below 60) tend to participate in social media screening 
campaign. However, social media campaigns for at-home self-sampling 
prove highly efficient in detecting individuals with HbA1c values of 
42-47 mmol/mol compared to community campaigns.
Supported by: Sygesikring Danmark
Disclosure: T. Thybo: Grants; Sygesikring Danmark. Non-financial 
support; Abbott Diagnostics provided Affinion screening setup for 
the comminity screening.

352
Diagnosing diabetes and assessing its prevalence in individuals 
attending A&E in an acute hospital in England
E. Jude1, S.  Anderson2, A.  Heald3;
1 Tameside and Glossop Integrated Care NHS FT, Ashton-under-
Lyne, UK, 2 Caribbean centre for Development Research, University 
of West Indies, Barbados, 3 Salford Royal Infirmary, Manchester, UK.

Background and aims: Type 2 diabetes (T2D) and prediabetes (Pre-
DM) are associated with higher risk for cardiovascular disease and 
mortality. Therefore, it is important to identify patients early with 
T2D or Pre-DM. Patients attending hospital can be screened for dia-
betes and with a view to identifying these patients who will benefit 
from early treatment to reduce future risk. The aim of this study was 
to screen people attending an Accident and Emergency (A&E) depart-
ment not known to have diabetes.
Materials and methods: 1388 individuals were screened for diabe-
tes using HbA1c at presentation to A&E. Patients demographics were 
also recorded and in addition, ethnicity was also noted. Prediabetes was 
defined as HbA1c 39-47 and diabetes ≥48 mmol/mol. The FINDRISC 
score was calculated for all patients. The Finnish Diabetes Risk Score 
(FINDRISC) is a questionnaire to identify individuals at high risk of 
developing T2DM with scores of >20 identified as very high risk of 
developing diabetes and score of 12-20 as moderate and high risk.
Results: Of the 1388 patients, normal glucose tolerance was seen in 848 
subjects (61.1%), pre-diabetes in 420 (30.2%) and diabetes in 120 (8.6%), with 
similar proportion in men and women. Mean (SE) age of the 3 groups were: 
51.1 (0.49), 56.9 (0.71) and 56.0 (1.32) years, respectively (P<0.0001). Mean 
(SE) HbA1c in the 3 groups were: 34.2 (0.2), 41.3 (0.3), 51.2 (0.5) mmol/
mol, respectively (p<0.001). Mean (SE) weight and BMI for the 3 groups 
were: 80.8 (0.78), 81.6 (1.1) and 94.0 (2.2) kgs respectively (p<0.0001) and 
28.4 (0.2), 28.6 (0.32) and 31.2 (0.7) respectively (p=0.0003). In multinomial 
logistic regression each unit increase in the FINDRISC score was associated 
with a 9% increase in risk for prediabetes (OR (95% CI) 1.09 (1.06, 1.11) and 
a 16% increased risk for diabetes (1.16 (1.11, 1.21)). After adjusting for age 
and sex, OR was 1.07 (1.04, 1.10) and 1.15 (1.10, 1.2) for prediabetes and 
diabetes, respectively (p<0.001). South Asian and other ethnic minorities had 
higher incidence of glucose intolerance (prediabetes and diabetes) compared 
to Caucasians (42.65% vs 37.8%) and were twice as likely to be classified as 
prediabetes (1.90 (1.22-2.96) or diabetes (2.61 (1.37-4.99).
Conclusion: Individuals attending A&E have a high incidence of 
unknown glucose intolerance. The FINDRISC score can be used to iden-
tify those at risk of having glucose intolerance. Using HbA1c is a valid 
and simple method to diagnose diabetes and can be a simple test to iden-
tify those with diabetes so that treatment can be instituted early. Patients 
admitted to hospital should be screened for diabetes using the HbA1c test. 
The FINDRISC score may also be useful in risk stratification.
Disclosure: E. Jude: None.

353
Predicting 5-year risk of type 2 diabetes in New Zealand primary 
care patients using primary care and national routinely collected 
data: PREDICT cohort study
R. Pylypchuk1, V.  Selak1, S.  Wells1, K.  Poppe2, R.  Jackson1;
1Epidemiology and Biostatistics, University of Auckland, Auckland, 
New Zealand, 2Department of Medicine, University of Auckland, 
Auckland, New Zealand.

Background and aims: Primary care is the main setting where patients 
at high risk of developing diabetes type 2 (T2D) can be identified and 
targeted with preventive interventions. Algorithms that combine infor-
mation on levels of diabetes risk predictors can be used to estimate a 
patient’s risk of developing T2D. Glycosylated haemoglobin (HbA1c) is 
now the main biomarker for diagnosing and monitoring T2D and iden-
tifying prediabetes, however, most of the available T2D risk prediction 
tools do not include HbA1c. This study aimed to develop and internally 
validate T2D risk models that include HbA1c as one of the risk predic-
tors and could be implemented in primary care settings.
Materials and methods: Using data from a prospective cohort study 
of CVD risk assessment undertaken in one-third of NZ primary care 
practices, we developed sex-specific prediction models for estimating 
the 5-year risk of incident T2D (identified through linkage to follow-
up HbA1c levels, drug dispensing, and general practice or hospital 
diagnoses). Models developed with Cox regression models included 
pre-specified clinically-relevant risk predictors. Discrimination, cali-
bration, and explained variation of the new models was assessed.
Results: The cohort included 265,510 diabetes-free patients (57% men), 
enrolled between 2008 and 2018. A total of 7,060 (2.7%) patients devel-
oped T2D during follow up (median 5 years). Models included HbA1c, 
BMI, age, ethnicity, SES, smoking, BP, TC:HDL, history of CVD, seri-
ous mental illness, chronic obstructive pulmonary disease or asthma, and 
treatment with blood pressure lowering or lipid lowering medications. The 
model for women also included history of hospitalisation with gestational 
diabetes or polycystic ovary syndrome. Both sex-specific models demon-
strated good ability to discriminate between individuals who experienced 
an event and individuals who remained event-free, with Harrell’s C sta-
tistic of 0.82 in both sexes. The calibration plots showed good agreement 
between the observed and predicted risk, in men and women. Also, the 
proportion of variation in time to diagnosis of T2D explained by predictors 
was high  (R2 for survival data: 50% in men and 47% in women).
Conclusion: Our study demonstrates that it is possible to develop well-
performing models, using data from primary care and routinely collected 
national health data. Many risk factor measurements readily available in a 
primary health care setting can be combined to identify patients at high risk 
of developing type 2 diabetes, after an HbA1c test. While HbA1c alone is 
frequently used to identify patients at high risk of developing T2D, models 
that integrate HbA1c with other important predictors of T2D will improve 
our ability to focus preventive efforts on those at high risk of developing 
diabetes.
Supported by: HRC NZ, NHF, NSCHL
Disclosure: R. Pylypchuk: None.

354
Validation of existing non-invasive diabetes risk models to predict 
incident diabetes risk in a Swedish cohort: Västerbotten Interven-
tion Programme
M.C. Fortuin-de Smidt1, O.  Rolandsson1, S.J.  Griffin2, P.  Wennberg1;
1Umeå University, Umeå, Sweden, 2Cambridge University, Cambridge, 
UK.

Background and aims: Diabetes risk prediction models may be use-
ful for screening and identifying high-risk individuals. However, no 
diabetes risk prediction model is routinely used in Sweden. Validation 
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of existing diabetes risk models on a Swedish population is therefore 
warranted. The aim was to validate existing non-invasive diabetes 
risk prediction models and to compare the predictive performance in 
a population-based cohort in Sweden.
Materials and methods: Eight non-invasive diabetes risk prediction 
models, developed in mostly European populations, were validated 
using the Västerbotten Intervention Programme (VIP) cohort. VIP is 
integrated in the primary care setting and inhabitants of the Västerbotten 
region are invited to a comprehensive health screening every 10 years, 
at 30 (stopped in 1995) 40, 50 and 60 years. Adults aged 28-62 years 
with baseline visits between 1990 and 2012 and without prevalent dia-
betes were included. Incident diabetes was determined by oral glucose 
tolerance test (n=1216) or self-reports (n=162) at a 10-year follow-up 
visit or through linkage to various registers (n=1451). Predicted prob-
ability of diabetes for each participant were determined based on the 
existing model equations. Discrimination, measured by c-statistic, and 
calibration were used to assess the performance of the existing models 
over a 10-year follow-up period in the whole cohort and by age group 
(30-, 40-, 50-, and 60-year-old). Models were re-calibrated based on the 
diabetes incidence in VIP.
Results: In 94851 VIP participants, 2829 (2.98%) developed incident 
diabetes within ~10 years of follow-up. The c-statistic ranged from 
0.72 (95% confidence interval (CI) 0.71-0.73) for the Framingham 
personal model to 0.79 (0.78-0.80) for the Australian diabetes risk 
model. After recalibration, the models with the best agreement between 
predicted and observed risk, measured by the calibration slope (ß) clos-
est to 1 and intercept (α) closest to 0, were the Framingham personal 
(ß 0.99 (95%CI 0.95-1.04); α -0.01(-0.04 to 0.03) and the ARIC2005 
(ß 0.97 (0.92-1.02); α -0.06(-0.11 to -0.01) models. Calibration plots 
showed overestimation of risk in high-risk participants in the KORA 
S4/F4, Cambridge and DESIR models. Performance measures across 
age groups showed that discrimination was the highest in the 40- and 
60-year-old age group and the lowest in the 30-year-old age group. 
Calibration was inconsistent across the age groups.
Conclusion: Existing non-invasive diabetes risk prediction models showed 
acceptable discrimination in a Swedish cohort. Overall, the Framingham 
personal model showed the best predictive performance across all risk 
groups and in addition requires only routinely available data.
Clinical Trial Registration Number: NCT05609266
Supported by: Västerbotten Intervention Programme is funded by 
Region Västerbotten
Disclosure: M.C. Fortuin-de Smidt: None.

355
Risk factors for new onset diabetes after transplant (NODAT) and 
one year outcome in NODAT and diabetic kidney disease patients 
undergoing renal transplant
D. Sanyal1, P.  Das2;
1KPC Medical College, Kolkata, India, 2Nephrology, NHRNTIICS, 
Kolkata, India.

Background and aims: A potential complications in renal allograft 
recipients is post operative impaired glucose tolerance leading to 
diabetes known as New Onset Diabetes after Transplant (NODAT). 

It`s multifactorial with pathogenesis like Type2 Diabetes Mellitus 
(T2DM) associated with increased risk of infection, graft dysfunc-
tion which can eventually cause loss of the allograft. The aim was 
to evaluate pretransplant risk factors and compare graft dysfunction, 
hospitalization and infection between renal allograft recipients with 
pre-existing T2DM, compared to NODAT versus euglycemic during 
one year follow up period after renal transplant.
Materials and methods: A prospective study conducted in a tertiary 
care hospital in Kolkata, India. Transplant patients were divided into 
3 groups, one with diabetic nephropathy, one with other etiology of 
chronic kidney disease other than Diabetic Nephropathy, who devel-
oped NODAT and the last group were those patients who remained 
euglycemic. Risk factors including fasting plasma glucose, serum 
insulin, and C-peptide, HbA1C, BMI and HOMA IR were prospec-
tively evaluated in nondiabetic renal allograft recipients. All cohorts 
were under similar immune suppression regime. All subjects were 
advised lifestyle modification, dietary control, aerobic exercise.
Results: Total 210 patients were included in the study, out of which 
72 patients (34.28%) had diabetic nephropathy, 26 patients (12.38%) 
had an impaired glucose tolerance of whom 18 patients developed 
NODAT. Recipient age, body mass index, biopsy-proven acute rejec-
tion (BPAR), early graft function and proteinuria, tacrolimus-based 
therapy, cumulative corticosteroid dose and thiazide diuretics were 
associated with NODAT (univariate analysis). Multivariate logistic 
regression analysis identified age [OR 1.08 (95% confidence interval: 
1.023-1.099)], BMI [OR: 1.05 (1.015-1.172)] and insulin resistance 
on HOMA scale[OR: 1.31 (1.022-2.29)], BPAR [OR: 1.92 (1.223-
4.604)] as independent risk factors for NODAT while high insulin 
sensitivity and beta cell reserve on Day 2 pre-transplantation was 
associated with a strongly reduced risk for NODAT [OR: 0.04 (0.007-
0.152)]. Untoward events during follow-up are presented in Table 1. 
There was significantly high rate of post-transplant infections in all 
cohorts. Among the three groups 8(12.5%),11(42.3%) and 7(7.9%) 
patients required hospital readmission within 1 year post operation. 
All cause infection rates were 16%,11% and 7% in the 3 groups 
respectively.
Conclusion: Pre-transplant age, BMI, insulin resistance, BPAR and 
beta cell reserve are independent predictors of NODAT that can be 
used for identifying recipients at high risk for NODAT. Graft func-
tion was poorer while hospital readmission and infection rates were 
higher in NODAT and DKD compared to euglycemics renal trans-
plant recipients. This may guide clinicians to modify therapeutic plan 
to improve graft and patient survival after transplantation.

Disclosure: D. Sanyal: None.
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356
Role of ACSL1 in pancreatic beta cell function and the pathogen-
esis of type 2 diabetes
S. Gheibi1, S.  Hladkou1, M.  Fex1, A.L.  Madsen2, S. Bonàs-Guarch3, 
J.  Ferrer3, T.  Hansen2, H.  Mulder1;
1Unit of Molecular Metabolism, Clinical Research Center, Lund 
University, Malmö, Sweden, 2Novo Nordisk Foundation Centre for 
Basic Metabolic Research, University of Copenhagen, Copenhagen, 
Denmark, 3Centre for Genomic Regulation (CRG), The Barcelona 
Institute of Science and Technology, Barcelona, Spain.

Background and aims: The prevalence of diabetes is increasing 
world-wide. The traditional emphasis on the insulin-glucose axis with 
respect to examining glucose tolerance, although diagnostically useful, 
does not explain the basic pathophysiological mechanisms at play in 
diabetes. The glucose-insulin axis has been studied extensively, while 
alterations in metabolism and signaling functions of fatty acids (FA) 
have received much less attention. We have combined nine genome-
wide association studies (GWAS) in a meta-analysis including 26,000 
individuals of European descent for eight measures of β-cell function. 
This way, we identified long-chain acyl-CoA synthetase 1 (ACSL1) 
as an important regulator of β-cell function. ACSLs convert FA into 
acyl-CoAs, that are involved in various cellular functions including 
protein transport, enzyme activation, protein acylation and cell signal-
ing. The role of ACSLs in general and ACSL1 in particular has not 
been extensively studied in β-cells. The aim of this study is to identify 
the molecular signaling mechanism by which ACSL1 affects β-cell 
function and whether it is implicated in type 2 diabetes (T2D).
Materials and methods: To explore the role of ACSL1 in β-cell func-
tion, its expression was silenced in the insulin-producing INS1 832/13 
rat cell line as well as in rat and human islets using siRNAs. Pyruvate-, 
KCl-, IBMX-, leucine-, and glucose-stimulated insulin secretion were 
assessed. Plasma membrane potential and cytosolic  Ca2+ were meas-
ured by the dyes PMPI and Fluo4, respectively. Mitochondrial function 
was analyzed by the XF24 Extracellular Flux Analyzer (Seahorse Bio-
science), and mitochondrial membrane potential was measured using 
the dye TMRM, and ATP production using the probe Perceval HR.
Results: We found that silencing of ACSL1 strongly inhibited insu-
lin secretion in INS-1 832/13 cells and isolated rat and human islets. 
Reduced insulin secretion following ACSL1 knockdown was associated 
with decreased mitochondrial function, as well as reduced cytosolic 
 Ca2+ levels, lowered ATP/ADP ratio and perturbed plasma membrane 
potential in INS-1 832/13 cells. Treatment of β-cells with high glucose 
and palmitate mimics pathogenic processes reminiscent of what β-cells 
are exposed to in T2D. Compared to untreated cells, exposure to high 
glucose and palmitate for 24 h, 48 h, or 72 h increased mRNA expres-
sion of ACSL1 by 30%, 78%, and 95%, respectively.
Conclusion: ACSL1 exerts a stimulatory effect on insulin secretion. 
Consequently, its elevated expression in high glucose- and palmitate-
treated cells is likely a compensatory response of β-cells to increase 
insulin secretion. Modulation of ACSL1 activity in the β-cells may 
thus represent a novel therapeutic strategy for the treatment of T2D.
Disclosure: S. Gheibi: None.

357
Small-RNA seq profiling reveals a signature of beta cell enriched 
isomiRs and its possible involvement in the progression from nor-
mal glucose tolerance to type 2 diabetes
S. Auddino1, E.  Aiello1, G.E.  Grieco1, G. Di  Giuseppe2,3, G. 
 Ciccarelli2,3, M.  Brunetti2,3, R.  Bizzotto4, A.  Mari4, A.  Giaccari2,3, 
F.  Dotta1,5, T.  Mezza2,3, G.  Sebastiani1;

1Diabetes Unit-Dept. of Medicine, Surgery and Neuroscience, Uni-
versity of Siena, Siena, Italy, 2Dept. of Medicine and Translational 
Surgery, University Cattolica del Sacro Cuore, Rome, Italy, 3Endocri-
nology and Diabetology Unit-Dept., Policlinico Universitario Agostino 
Gemelli IRCCS Foundation, Rome, Italy, 4Institute of Neuroscience, 
CNR, Padua, Italy, 5Regional Centre for Precision Medicine, Siena, 
Italy.

Background and aims: miRNAs are regulators of gene expression 
involved in several diseases, including type 2 diabetes (T2D). Post-
transcriptional sequence variants of miRNAs, called isomiRNAs 
(isomiRs), are still poorly investigated, yet they may play a role in T2D 
pathogenesis. Our aim was to analyze isomiR profiles in non-diabetic 
human β-cells and in pancreatic islets of individuals with normal glu-
cose tolerance (NGT), impaired glucose tolerance (IGT), and type 2 
diabetes (T2D) to identify isomiRs associated with disease progression.
Materials and methods: RNA was extracted from the EndoC-βH1 
β-cell line and from laser capture microdissection (LCM) isolated 
human islets derived from n=19 NGT, n=15 IGT, and n=12 T2D 
donors scheduled for partial pancreatectomy, who underwent before 
surgery to a full metabolic evaluation. Small RNA-Seq was per-
formed, and canonical miRNAs and isomiRs were quantified with 
the sRNAbench pipeline. IsomiRs enriched in β-cells were identified 
using two criteria: (i) isomiR/canonical expression ratio > 0.5, and 
(ii) expression > 20 normalized counts. Differential Expression Anal-
ysis (DEA) was performed for LCM-isolated islets between different 
groups of samples (NGT, IGT, T2D) with DESeq2. We focused on 
Differentially Expressed (DE) isomiRs (FDR < 0.05) whose canoni-
cal miRNA was not DE. Linear regression analyses were performed 
between isomiRs and metabolic parameters (p < 0.05).
Results: IsomiR profiling in β-cells revealed that they contribute to a 
consistent percentage of total miRNA reads (LCM-islets: 59.4 ± 1.9%; 
EndoCβH1: 43.7 ± 0.6%). Among isomiRs, modifications mainly occur 
at the 3’ end, with trimming representing the most abundant class (LCM-
islets: 71.8 ± 2.8%; EndoCβH1: 48.8 ± 0.8%), followed by extension 
(LCM-islets 12.1 ± 1.9%; EndoCβH1 24.7 ± 0.4) and non-template addi-
tion (LCM-islets 9.8 ± 0.9%; EndoCβH1 18.0 ± 0.9%). Ranking analysis 
of the 50 most expressed sequences revealed that isomiR-26b-5p is more 
expressed than the canonical miRNA in both EndoCβH1 and LCM-islets, 
suggesting β-cell enrichment. Among them, isomiRs-411-5p, -409-3p, 
-192-5p, and -101-3p resulted in a modification of the seed sequence, 
potentially targeting different genes. DEA on NGT, IGT, and T2D LCM-
islets revealed n=7 sequences DE as isomiR but not as canonical miRNA, 
and all increased along disease progression. Two of these isomiRs (isomiR-
27b-3p; -217-5p), also detected as β-cell enriched, were positively associ-
ated respectively with basal insulin secretion rate and basal insulin, thus 
corroborating their involvement in β-cell function.
Conclusion: This study provides a complete profiling of isomiR 
expression in pancreatic islets and β-cells, highlighting their potential 
contribution in islet function, and suggesting that the biogenesis of 
some isomiRs is potentially related to the time course towards T2D.
Disclosure: S. Auddino: None.

358
Severe endogenous insulin deficiency is rare in long standing type 
2 diabetes and usually reflects misclassified autoimmune aetiology 
diabetes
S. Chakka, N.J. Thomas, D. Fraser, A. Hattersley, K. Patel, A.G. 
Jones;
RILD Level 3, Exeter, UK.

Background and aims: We aimed to determine whether severe 
endogenous insulin deficiency occurs in longstanding non-autoim-
mune type 2 diabetes (T2DM).
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Materials and methods: We studied 4364 participants with self-
reported T2DM treated without insulin at diagnosis in the DARE 
study. We assessed non-fasting C-peptide levels in insulin-treated par-
ticipants, defining severe insulin deficiency as c-peptide <200pmol/L. 
Those without insulin treatment were considered not to have severe 
insulin deficiency. In those identified as severely insulin deficient, we 
assessed autoantibodies (GAD/IA2/ZNT8) and type 1 diabetes genetic 
susceptibility using a Type 1 Diabetes genetic risk score (T1GRS).
Results: Severe endogenous insulin deficiency occurred in 0.7% 
(32/4634) with self-reported T2DM at median duration 14 (10 - 20) 
years and in 7.4% of those treated with insulin (32/431). 50% of these 
were positive for at least one autoantibody and had a T1GRS similar to 
T1DM (0.269 vs 0.275, p=0.399). Participants with severe endogenous 
insulin deficiency and no autoantibodies had a T1GRS suggestive of 
high prevalence of autoimmune aetiology diabetes (0.254 vs 0.229 in 
those without severe insulin deficiency, p=0.018). BMI (kg/m2) of 
those with low C-peptide did not differ by islet antibody status (28.3 
vs 27.3, p=0.603), was markedly lower than those with retained endog-
enous insulin secretion (32.5), and similar to classical T1DM (26.0).
Conclusion: Severe endogenous insulin deficiency is rare in T2DM. 
Most of those diagnosed and treated as T2DM who develop severe 
endogenous insulin deficiency are likely to have pancreatic disease 
or autoimmune aetiology (type 1) diabetes.
Disclosure: S. Chakka: None.

359
XBP1 expression in pancreatic islet cells is associated with poor 
glycaemic control especially in young non-obese onset diabetes 
across diverse ancestries
M.K. Siddiqui1,2, T.  Dupuis1, A.  Mohan2,3, S.  Srinivasan1, S. 
 Hodgson4, A.  Sartori5, R.  Mathur4, S.  Finer4, A.Y.  Dawed1, J.  Cantley1, 
R.  Venkatesan2, G.  Pradeepa2, C.N.  Palmer1, V.  Mohan2,3, A.  Brown1;
1University of Dundee, Dundee, UK, 2Madras Diabetes Research 
Foundation, Chennai, India, 3Dr, Mohan’s Diabetes Specialties 
Clinic, Chennai, India, 4Queen Mary University of London, London, 
UK, 5University of Geneva, Geneva, Switzerland.

Background and aims: People from ancestry groups such as South 
Asians and East Asians have higher rates of type 2 diabetes mellitus 
(T2DM), in part, driven by insulin deficiency due to beta-cell dysfunc-
tion. Transcription factor XBP1 has a key role in maintaining beta-cell 
function and preventing early cell death by mitigating cellular endoplas-
mic reticulum stress. We use use trans-ancestry biobanks, to explore if 
the association between islet cell XBP1 expression is associated with 
T2DM, beta-cell function and glycaemic control in human populations.
Materials and methods: Publicly available eQTL data for pancreatic 
islet cells and T2DM summary statistics from trans-ancestry studies 
were used to determine if expression of XBP1 was associated with 
T2DM risk. Clinical data for beta-cell function was available from 
South Asian Indian patients from India-Scotland Partnership for Pre-
cision Medicine in Diabetes (INSPIRED-India). HbA1c levels at time 
of diagnosis were available from INSPIRED-India, the Telemedicine 
Project for Screening diabetes and complications in rural Tamil Nadu 
(INSPIRED-TREND) for people of South Asian Indian ancestry, the 
Genes & Health (G&H) study for people of South Asian Bangladeshi 
and Pakistani ancestry and national health service data from the Tay-
side Diabetes Study in Scotland (TDS) for people of white European 
ancestry. Pharmacogenetic analyses of the effect of the variant on 
response to sulphonylureas and GLP1-RA were examined.
Results: Variants affecting XBP1 expression in the pancreatic islets 
colocalised with variants associated with T2DM risk with higher 
probability in East Asians than in white Europeans. Lower expression 
of XBP1 was associated with higher risk of T2DM. We determine 

that the gene region shows evidence of recent selection in Europe-
ans and that XBP1 eQTL variant rs7287124 had a higher risk allele 
frequency in East (65%) and South Asians (50%) compared to white 
Europeans (25%). In 470 South Asian Indians with newly diagnosed 
T2DM, the variant was associated with lower beta-cell function 
(βlog HOMAB =-0.14,P=5x10-3). The effect of the variant on HbA1c at 
diagnosis was meta-analysed across East Asians, white Europeans, 
and South Asian Indian, Pakistani, and Bangladeshis and was found 
to be 4.32 mmol/mol(95%CI:2.60,6.04, P=8x10-7) per allele. In those 
with young onset diabetes with non-obese BMI the per allele effect 
was 6.41 mmol/mol (95%CI:3.04, 9.79, P =2x10-4). Variant carriers 
showed impaired response to insulin secretagogues.
Conclusion: XBP1 expression is a novel target for beta-cell dys-
function in T2DM with particular value for individuals of under-
researched ancestries who have greater risk of young, non-obese 
onset diabetes driven by insulin-deficiency. The effect of XBP1 eQTL 
variant was found to be comparable with or greater than the effect of 
novel glucose-lowering therapies. This work supports the addition 
of routine genomic testing to improve precision diagnosis and treat-
ment of T2DM.
Disclosure: M.K. Siddiqui: None.

360
MiRNAs as in-situ and circulating biomarkers of beta cell glucose 
sensitivity and functional impairment in the progression of type 
2 diabetes
E. Aiello1, S.  Auddino1, D.  Fignani1, G. Di  Giuseppe2,3, E. Di 
 Piazza2,3, L.  Soldovieri2,3, R.  Bizzotto4, A.  Mari4, A.  Giaccari2,3, F. 
 Dotta1,5, G.  Sebastiani1, T.  Mezza2,3;
1Diabetes Unit-Dept. of Medicine, Surgery and Neuroscience, Uni-
versity of Siena, Siena, Italy, 2Dept. of Medicine and Translational 
Surgery, University Cattolica del Sacro Cuore, Rome, Italy, 3Endocri-
nology and Diabetology Unit-Dept., Policlinico Universitario Agos-
tino Gemelli IRCCS Foundation, Rome, Italy, 4Institute of Neurosci-
ence, CNR, Padua, Italy, 5Regional Centre for Precision Medicine 
(CReMeP), Siena, Italy.

Background and aims: Type 2 Diabetes (T2D) is a complex disease 
due to multiple pathogenic mechanisms. At present, there is no relevant 
marker of progression of β-cell dysfunction. MiRNAs are involved in the 
control of multiple β-cell functions and may represent optimal circulating 
biomarkers. The aim of this study is to investigate miRNAs expression 
in human islets and plasma samples of fully metabolically characterized 
living donors stratified based on β-cell glucose sensitivity and rate sensi-
tivity (related to first-phase insulin secretion), in order to identify in-situ 
and/or circulating miRNAs biomarkers of β-cell dysfunction.
Materials and methods: Patients scheduled for partial pancreatec-
tomy were recruited and subjected to OGTT and hyperinsulinemic 
euglycemic clamp. Metabolic parameters were obtained including 
β-cell Glucose Sensitivity (GS) and Rate Sensitivity (RS). Based on 
GS and RS, three clinically relevant groups of patients were identi-
fied: group1, functional islets (GS>55; RS>300); group2, partially 
dysfunctional islets (GS>55; RS<300); group3, severely dysfunc-
tional islets (GS<55; RS<300). Each patient underwent pancreatic 
biopsy and plasma collection. RNA was extracted from LCM-isolated 
islets (group1, n=16; group2, n=10; group3, n=8) and from plasma 
samples (group1, n=19; group2, n=19; group3, n=30). Small RNA 
Seq was performed and data analysed using sRNAbench. Differen-
tial Expression Analysis (DEA) among groups (padj<0.05) was per-
formed using DESeq2. Linear Regression was carried out between 
miRNAs and metabolic/clinical data (p<0.01). Target genes pathway 
analysis of miRNAs was performed with Reactome (FDR<0.05).
Results: In pancreatic islets, 6 miRNAs resulted DE. miR-129-5p, 
-25-3p and -28-3p were significantly downregulated in severely 
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dysfunctional islets, while miR-148a-3p resulted upregulated. MiR-
126-5p and -216a-5p resulted respectively down- and up-regulated in 
severely dysfunctional islets compared to intermediate dysfunctional 
ones. The regression analysis showed that miR-148a-3p alongside 
with -125b-5p, -192-5p, -21-5p, -374a-5p and -628-5p were signifi-
cantly correlated with GS and RS. Target genes were involved in 
Endosomal/Vacuolar, ER-Phagosome, Cytokine signalling and anti-
gen presentation pathways. In plasma samples, miR-30e-5p resulted 
downregulated in subjects with severely dysfunctional islets com-
pared to those having functional ones. Regression analysis showed 
that miR-30e-5p is negatively correlated with fasting glycemia and 
positively with GS.
Conclusion: In-situ miR-148a-3p and circulating miR-30e-5p 
resulted DE in subjects with poor β-cell function and significantly 
correlated with its main parameters. The role of these miRNAs 
should be further investigated to understand the mechanisms lead-
ing to β-cell dysfunction and to verify their potential as biomarkers 
to identify subjects at risk of rapid clinical decline and personalize 
intervention.
Disclosure: E. Aiello: None.

361
An AAV8-Ins1Cre mediated reduction of insulin gene dosage in 
young adult NOD mice
N.S. Nahirney1, P.  Overby1, K.  Chan1, Y.-C.  Chen2, B.  Verchere2, 
J.D.  Johnson1;
1University of British Columbia, Vancouver, BC, Canada, 2BC Chil-
dren’s Hospital Research Institute, Vancouver, BC, Canada.

Background and aims: Beta-cells are responsible for transcribing and 
translating all circulating insulin, a process that can cause deleterious 
endoplasmic reticulum (ER) stress, even under normal conditions. ER 
stress in beta-cells has been proposed to contribute to the initiation and 
progression of type 1 diabetes (T1D) pathogenesis via the generation 
of neo-autoantigens and subsequent increased fragility that predisposes 
beta-cells to death. Here, we directly test the role of insulin production 
in an in vivo model of T1D with genetically reduced insulin levels.
Materials and methods: Mice have two non-allelic insulin genes: 
rodent-specific and beta-cell specific Ins1 and the ancestral human 
homolog Ins2, expressed in the brain, thymus, and pancreas. We devel-
oped an inducible, beta-cell specific knockout of Ins2 using a pancreas-
selective adeno-associated virus carrying Ins1-driven Cre recombinase 
(AAV8-Ins1Cre) in NOD mice with floxed Ins2. AAV8-Ins1Cre was 
delivered via intraperitoneal (IP) injection to generate a partial knock-
out (Ins2wt/flox) or full knockout (Ins2flox/flox) and importantly, a Cre 
control (Ins2wt/wt). In littermate cohorts of male and female mice, we 
administered  1x1012 viral genome particles (VGP) of AAV8-Ins1Cre 
at one of two post-developmental timepoints: 5 weeks old (early adult-
hood) or 12 weeks old, just prior to the earliest expected onset of dia-
betes in NOD mice at our facility.
Results: We showed that AAV8-Ins1Cre at  1x1012 VGP via IP injec-
tion results in over 90% efficacy of beta-cell Cre expression and gene 
recombination. Consistent with previously described sex differences in 
diabetes onset and insulin gene dosage in NOD mice, we observed dis-
crepancies in the AAV8-Ins1Cre model of Ins2 removal. Specifically, 6 
of 8 male Ins2flox/flox mice treated with AAV8-Ins1Cre at 5 weeks of age 
developed early diabetes between 12 and 24 weeks old, yet no diabetes 
was observed in littermate Ins2wt/flox (n=4) treated male mice up to 45 
weeks. Female Ins2flox/flox (n=8) and Ins2wt/flox (n=10) treated at 5 weeks 
old developed diabetes between 12 and 30 weeks, consistent with the 
well-established timeline of diabetes in female NOD mice. Compara-
tively, when AAV8-Ins1Cre was delivered at 12 weeks of age, all female 
Ins2flox/flox (n=4) and 4 of 5 female Ins2wt/flox treated mice developed 

diabetes before 20 weeks of age, yet male Ins2flox/flox (n=5) and Ins2wt/flox 
(n=6) treated mice progressed at an expected timeline of diabetes devel-
opment for male NOD mice with a 50% survival rate by 35 weeks.
Conclusion: Due to high beta-cell Cre recombination at  1x1012 VGP, 
we expect that Ins2 depletion may be a contributing factor to acceler-
ated diabetes onset in these cohorts. In future studies, we plan to first 
elucidate the single-cell genetic changes in this model and then pursue 
further experiments using a lower dose of AAV8-Ins1Cre.
Supported by: JDRF Centre of Excellence; CIHR
Disclosure: N.S. Nahirney: None.

362
Knock-out of the neutral amino acid transporter gene Slc6a19 
prevents diet-induced diabetes in male NODk mice
M. Shamoon1, J.E.  Dahlstrom2, C.J.  Nolan1;
11. School of Medicine and Psychology, 2. Division of IID, John 
Curtin School of Medical Research, The Australian National Uni-
versity, Canberra, Australia, 2Department of Anatomical Pathology, 
ACT Pathology, The Canberra Hospital, Canberra, Australia.

Background and aims:  NODk mice, derived from the non-obese dia-
betic (NOD) mouse model of type 1 diabetes (T1D), is protected from 
T1D due to congenic replacement of the potent Idd1 MHC locus with 
an autoimmune diabetes-resistant  H2k locus. However, male  NODk 
mice fed a western-diet (WD) develop a type 2 diabetes (T2D) like phe-
notype characterised by excessive weight gain, dyslipidaemia, hyperin-
sulinaemia, and severe hyperglycaemia. This study determined if reduc-
ing systemic amino acid availability via knockout of the Slc6a19 gene 
encoding the system B(0) neutral amino acid transporter AT1  (B0AT1) 
would reduce the incidence of diabetes in WD-fed male  NODk mice.
Materials and methods: Male  NODk.Slc6a19 wild type (WT) and 
knock-out (KO) mice were fed chow diet (CD) or WD from 6 weeks 
of age for 5 days, 4 weeks or 24 weeks and their metabolic character-
istics were assessed, including oral glucose tolerance testing (oGTT) 
after 5 days and intraperitoneal GTT testing (ipGTT) after 4 and 17 
weeks on diet.
Results: Marked aminoaciduria was confirmed in the KO mice. 
Slc6a19 KO partially attenuated WD-induced weight gain (body weight 
after 24 weeks on diet (mean±SE); 44.5±0.5, 42.4±1.0; 51.8±0.7; 
48.7±0.6 g; WT-CD, KO-CD, WT-WD, WD-KO, respectively; strain 
effect p=0.001), prevented glucose intolerance after 4 and 17 weeks 
on diet (ipGTT glucose area under the curve (AUC Glu) after 17 weeks; 
1366±97, 1063±53, 2587±157, 1963±63 mM*min; strain effect 
p<0.001); and prevented hypertriglyceridaema after 24 weeks on diet 
(232±15, 143±19, 409±43; 216±20 mg/dL; strain effect p<0.0001). 
WD-induced hyperinsulinaemia was attenuated during the ipGTTs 
after both 4 and 17 weeks on diet (ipGTT AUC Ins after 17 weeks on 
diet; 436±76 vs 168±27 ng/ml*min; WT-WD, WD-KO, respectively; 
p<0.01). After 5 days on diet, improved oral glucose tolerance was 
associated with higher glucagon like peptide 1 (GLP1) levels in the 
Slc6a19 KO mice (oGTT AUC GLP1 2399±57, 3762±239, 3201±184, 
4554±284 pM*min; strain effect p<0.001). Slc6a19 deficiency pre-
vented WD-induced diabetes, as determined by blood glucose ≥14 
mM measured after 24 weeks on diet (diabetes in 0%, 0%, 64%, 0%, 
respectively; p<0.0001).
Conclusion: Slc6a19 deficiency attenuated WD-induced weight gain, 
hyperinsulinaemia, and hypertriglyceridaemia, increased GLP1 levels, 
and completely prevented diabetes in  NODk mice. These findings show 
 B0AT1 to be a promising target for prevention and treatment of T2D.
Supported by: ANU University Research Scholarship; NHMRC 
(APP1128442); Private Practice Fund, Canberra Hospital
Disclosure: M. Shamoon: Grants; NHMRC (APP1128442 to CJN); 
Private Practice Fund, Canberra Hospital (to CJN).
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363
SGLT1 functional polymorphisms are associated with 1h OGTT 
glucose levels
G.C. Mannino1, A.  Palummo1, C.  Averta1, M.  Melina1, E.  Mancuso2, 
A.  Sciacqua1, V.  Fiorentino1, E.  Succurro1, F.  Andreozzi1, G.  Sesti3;
1Medical and Surgical Sciences, University of Magna Graecia, Cat-
anzaro, Italy, 2Sciences of Health, University of Magna Graecia, 
Catanzaro, Italy, 3Clinical and Molecular Medicine, University of 
Rome-Sapienza, Rome, Italy.

Background and aims: The sodium/glucose co-transporter 1 (SGLT-
1) is primarily responsible for the intestinal uptake of glucose and 
galactose, through an active transport driven by the Na+/K+ ATPase. 
Homozygous mutation of the gene encoding SGLT1 (SLC5A1) are 
the cause of glucose/galactose malabsorption, a condition character-
ized by severe life-threatening neonatal watery diarrhea and dehy-
dration. It has recently been shown that carriers of a haplotype with 
3 missense mutations (N51S rs17683011, A411T rs17683430, and 
H615Q rs33954001) of SLC5A1 exhibit lower 2-hour glucose lev-
els during OGTT and a lower risk of impaired glucose tolerance. 
Subjects with normal fasting and 2h-OGTT (normotolerant, NGT) 
glucose but with 1h-OGTT ≥155 mg/dL (NGT-1h-high) have a worse 
cardio-metabolic risk profile and higher incidence of diabetes type 2 
compared to the NGT population with blood glucose at 1h <155 mg/
dl (NGT-1h-low). In this study, we investigated the possibility that 
the N51S/A411T/H615Q haplotype of SGLT1 was associated with 
1h-OGTT glycemic pattern in NGT subjects, and we assessed the 
functional significance of these variants in vitro.
Materials and methods: 800 well-characterized adult NGT sub-
jects were subjected to a 75g OGTT and stratified accordingly into 
two groups: NGT 1h-high or NGT 1h-low. Site specific mutagenesis 
was performed in order to introduce the three variants into a cellular 
model of human intestinal epithelium (CACO2 cells). The functional 
effects exerted by the variants on glucose uptake, intracellular and 
extracellular glucose content were evaluated by commercial kits.
Results: The frequency of the rare allele of each SNP was higher 
(P<0.05) in NGT-1h-low subjects (1.515% rs17683011, 9.139% 
rs17683430, 3.926% rs33954001) than in NGT-1h-high subjects 
(0.549%, 1.315%, 1,515%, respectively). When the 3 SNPs were col-
lectively analyzed in a genetic risk score, it was observed that carriers 
of rare alleles had a dose-dependent lower risk of showing 1h-OGTT 
glucose levels ≥155 mg/dL (OR 0.419, CI95% 0.217-0.810, P< 0.01). 
When CACO2 cells were evaluated, the mutant proteins were present 
in the cells at levels comparable to wild-type, while sugar transport 
was significantly reduced (%reduction = ~30% rs17683011, ~25% 
rs17683430, ~35% rs3395400). It remains to be defined whether the 
simultaneous presence of more than one variant generates a more 
dramatic reduction in the transport of glucose (additive effect).
Conclusion: These data suggest that the genetic variants of SGLT-1 
may have a role in the determination of early post-prandial pattern of 
glucose levels. Future research on this topic might drive the devel-
opment of novel therapeutic approaches targeting intestinal glucose 
uptake with the intent of preventing the formation of a dysglycemic 
milieu, and long-term cardiometabolic protection.
Disclosure: G.C. Mannino: None.

SO 08 Coming from the heart

364
Presenting symptoms and comorbidities in type 2 diabetes patients 
at their first visit in a tertiary care centre in Eastern Nepal
U. Mainali1, D.  Sigdel2, R.  Sharma3, K.  Koirala4;
1Endocrinology, Koshi Hospital, Biratnagar, Nepal, 2Internal Medi-
cine, Koshi Hospital, Biratnagar, Nepal, 3Dermatology, Koshi Hospital, 
Biratnagar, Nepal, 4Biochemistry, Koshi Health Institute, Biratnagar, 
Nepal.

Background and aims: Low literacy rate, poor financial status and 
less accessibility to health facilities are the major contributing factors 
for delayed presentation of patients with chronic diseases like Diabe-
tes Mellitus to internists or endocrinologists in developing country 
like Nepal. This study aims to know the variations in clinical pres-
entations of type 2 Diabetes Mellitus patients and the magnitude of 
associated comorbidities at their first tertiary care center visit.
Materials and methods: This descriptive cross-sectional study was 
conducted in Endocrine OPD (Out Patient Department) of Koshi Hos-
pital, Biratnagar, Nepal from  1st September 2022 to  28th February 
2023 applying consecutive sampling and face-to-face interviews after 
informed verbal consent.
Results: Out of 450 participants, 60.2 percent were male and 39.8 percent 
female with a mean age of participants 51.88 ± 11.48 years. Regarding 
presenting symptoms, 84.9 percent of total participants reported of having 
high blood sugar levels as per test results done in nearby health facilities 
where 52.6 percent of those with high blood sugar levels were having 
osmotic symptoms (polyuria, polydipsia) and the rest were asymptomatic. 
Symptoms related to peripheral neuropathy (pain, tingling, paresthesia, 
numbness), dental problems (pain/swelling of teeth or gums), skin prob-
lems (non-healing wound, pruritic skin or rashes including genital areas) 
and sexual problems (erectile dysfunction, decreased libido) were found 
in 27.6, 5.6, 4.7 and 4.2 percent respectively. Of total participants. 92.2 
percent were taking antidiabetic medicines and out of those on treatment, 
1.9 percent reported repeated episodes of symptoms suggestive of severe 
hypoglycemia needing help of others for resolution of symptoms. Only 2.2 
percent of total participants had come for regular follow up visits without 
any symptoms. Regarding comorbidities; systemic hypertension, obesity 
(Body Mass Index ≥ 27.5 kg/m2) and dyslipidemia (LDL cholesterol ≥100 
mg %) were found in 40.2, 23.8 and 48.8 percent respectively. As the com-
plications of diabetes itself and these comorbidities; evidences of diabetic 
retinopathy, chronic kidney disease (proteinuria with or without reduced 
estimated glomerular filtration rate; eGFR), ischemic heart disease and 
cerebro-vascular accident, were found in 16, 15.1, 5.1 and 3.6 percent 
respectively by their first visit.
Conclusion: This study explores the need for public awareness at 
community level on risk factors, associated comorbidities and pos-
sible complications of Diabetes Mellitus including disabilities and 
deaths so that patients will start seeking heath care service earlier 
to lead a more productive life with less disabilities and less financial 
burden to families and country as well.
Disclosure: U. Mainali: None.

365
Increased interleukin-6 is associated with higher risk of heart fail-
ure in people with type 2 diabetes: the hoorn diabetes care system 
cohort
S. Remmelzwaal1,2, S.M.H.  Yeung3, M.T.  Blom2, M.H. de  Borst3, 
P.J.M.  Elders2, J.W.J.  Beulens1,4;
1Epidemiology and Data Science, Amsterdam UMC, Amsterdam, 
Netherlands, 2General Practice, Amsterdam UMC, Amsterdam, Neth-
erlands, 3Internal Medicine, University Medical Center Groningen, 
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Groningen, Netherlands, 4Julius Center for Health Sciences and Pri-
mary Care, University Medical Center Utrecht, Utrecht, Netherlands.

Background and aims: People with type 2 diabetes (T2D) have a 
2- to 4-fold increased risk of heart failure (HF) in comparison to 
individuals without T2D. Inflammation could play a key role in the 
pathophysiology of HF. In general population cohorts, higher inter-
leukin-6 (IL-6) levels are associated with increased incidence of HF. 
Therefore, we aimed to determine the association of IL-6 concentra-
tions and new-onset HF in persons with T2D.
Materials and methods: We performed a case-control study nested 
in the Diabetes Care System Cohort, a prospective dynamic cohort 
that consists of persons with T2D in primary care of the Nether-
lands. We included 724 participants, of whom 141 developed HF 
during five years follow-up, and 583 age- and sex-matched controls. 
IL-6 was measured at baseline (Roche diagnostics) and categorized 
into 4 groups: group 1 consisted of participants with IL-6 below the 
detection limit of 1.5 pg/mL, and the remaining participants were 
divided into tertiles. We performed logistic regression analyses with 
categorized IL-6, as well as continuous IL-6 per 1-SD difference, as 
determinant and new-onset HF as outcome adjusted for follow-up 
time, age, sex, HbA1c, eGFR, albumin/creatinine ratio and CVD at 
baseline. Additionally, sex and CVD at baseline were tested as an 
effect modifier and ANOVA was used to determine the improved 
model fit.
Results: Both cases and controls had a mean age of 71±9 years, and 
sex distribution was similar (36% and 39% women, respectively). 
Median diabetes duration was 7.0 [3.1-10.7] and 6.1 [3.0-10.8] years 
for cases and controls. Median IL-6 levels were 2.3 [1.9-2.6], 4.0 
[3.4-4.7] and 8.8 [6.8-13.5] pg/mL, respectively for tertile 1, 2 and 
3. In comparison to group 1, all tertiles were associated with an 
increased risk of HF with odds ratios of 2.0 (95%CI: 1.2-2.9), 2.8 
(95%CI: 1.9-3.6) and 2.1 (95%CI: 1.9-3.6), respectively for tertile 1, 
2 and 3 (Figure). Continuous IL-6 was not statistically significantly 
associated with development of HF, but tended towards higher risk 
(OR: 1.2 (95%CI: 1.0-1.5)). Sex and CVD at baseline did not modify 
the association (p-values for improved model fit >0.2).
Conclusion: Higher IL-6 levels are associated with development of 
HF in persons with type 2 diabetes. More importantly, our study 
suggests that being free of inflammation is protective against HF and 
that the presence of inflammation, however small or large, results in 
development of HF.

Supported by: RECONNECT, Dutch Heart Foundation and ZonMw 
VIDI
Disclosure: S. Remmelzwaal: None.

366
Natriuretic peptide-based screening for heart failure among 
adults with diabetes: a multicentre US experience
S. Chatur1, T.  Meng2, A.  John2, G.  Bobba3, M.  Vaduganathan1;
1Brigham and Women’s Hospital/Harvard Medical School, Boston, 
MA, USA, 2Roche Diagnostics, Santa Clara, CA, USA, 3Roche Diag-
nostics, Rotkreuz, Switzerland.

Background and aims: Natriuretic peptide (NP)-based screening for 
“pre-heart failure (HF)” has been shown to reduce the risk of progres-
sion to incident symptomatic HF in patients with diabetes in rand-
omized clinical trials. As such, the joint 2022 ADA/ACC consensus 
statement and the 2022 AHA/ACC/HFSA HF guidelines support rou-
tine NP assessment in patients with diabetes. However, limited system-
atic data across multiple healthcare settings are available to understand 
the uptake and utility of biomarker screening in routine care.
Materials and methods: We conducted a retrospective, multicenter 
cohort study embedded within the TriNetX platform, which aggregates 
data from electronic health records from 50 US healthcare organizations 
in the US. We identified adults >18 years with a diagnosis of diabetes 
(defined as qualifying ICD-10 diagnoses on 2 separate encounters) who 
were free from HF or cardiomyopathy at baseline and were continuously 
enrolled for 4 years following index diabetes diagnosis. We then exam-
ined the frequency and characteristics of patients undergoing NP testing 
with B-type natriuretic peptide (BNP) or N-terminal prohormone of BNP 
(NT-proBNP). We further assessed medication use and cardiology visits 
in the 6 months before and after initial NP screening.
Results: From 2016 to 2019, of the 18,439 patients identified with 
new diabetes diagnosis (97% type 2, 3% type 1), mean age was 52±14 
years, 53% were women, and 17% were Black. During 5 (IQR 4-6) 
years median follow-up, 3,055 (17%) underwent NP testing following 
diabetes diagnosis. Testing occurred more frequently among older indi-
viduals and those with a higher burden of comorbidities. Among tested 
individuals with available laboratory results, 60% of BNP levels and 
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48% of NT-proBNP levels were above established thresholds to iden-
tify “pre-HF” (Figure). In the screened population, rates of any use of 
ACEi, ARB, β-blockers, or diuretics (62% vs. 55%, p <.01) and visits 
with a cardiologist (4% vs. 2%, p <.01) were higher in the 6-months 
after NP testing compared with the 6-months before.
Conclusion: In this multicenter US experience, guideline-recom-
mended NP screening of patients with diabetes was infrequent; how-
ever, 1 in 2 patients who did undergo NP testing met thresholds for 
abnormal levels suggestive of “pre-HF”. These data suggest a large 
potential to identify patients upstream of symptomatic HF in the com-
munity with biomarker-based screening approaches.

Disclosure: S. Chatur: None.

367
Composite macrovascular risk and its association with HbA1c 
in individuals with an without cardiovascular disease: a large 
UK observational cohort study
T.S.J. Crabtree1,2, R.  Aldafas1, Y.  Vinogradova1, J.  Gordon3, I. 
 Idris1;
1University of Nottingham, Derby, UK, 2University Hospitals of 
Derby and Burton NHS Trust, Derby, UK, 3Health Economics and 
Outcomes Research Ltd, Cardiff, UK.

Background and aims: Although current guidelines suggest a target 
HbA1c of 48-53mmol/mol in people with type 2 diabetes (T2D), an indi-
vidualised approach incorporating patient-level factors which includes pres-
ence of co-morbidities have been recommended when determining indi-
vidualised HbA1c target. Furthermore, ongoing concerns persist regarding 
the association between low HbA1c levels with increased risks of adverse 
cardiovascular outcomes. This study therefore aim to explore the relation-
ship between HbA1c and composite major adverse cardiovascular events 
(MACE) in individuals with and without cardiovascular disease.
Materials and methods: Data from the Clinical Practice Research 
Datalink (CPRD) and Hospital Episode Statistics (HES) databases 
were used to include people newly diagnosed with T2D from 1998 
-2007. MACE was defined as a first new diagnosis or death due to 
congestive cardiac failure, myocardial infarction or stroke. A multivari-
ate time-varying Cox regression analysis was preformed to assess the 
risk of MACE associated with HbA1c at 6 different levels (≈11mmol/

mol [1.0%] intervals); by baseline CVD history. The reference group 
was defined as individuals without CVD with HbA1c 42-53mmol/mol.
Results: 130,803 individuals (mean±SD age 62.7±14.0years, 54.5% 
female, 5.5% known ethnic minority) were followed for mean 5.4 years. 
Those with pre-existing CVD had a higher risk of MACE across all 
HbA1c levels. The lowest risk among those without CVD was observed 
at HbA1c<42mmol/mol (HR 0.84; 95%CI 0.71-0.98) and the high-
est risk at ≥86mmol/mol (HR 1.40; 95%CI 1.18-1.66). In those with 
CVD, risk of MACE was similar across all HbA1c threshold but signif-
icantly highest risk for MACE was observed among those with HbA1c 
≥86mmol/mol (HR 4.44; 95%CI 3.74-5.26).
Conclusion: Among individuals without pre-existing CVD, lower 
HbA1c levels are associated with reduced risk of MACE. However, 
among those with pre-existing CVD, HbA1c was associated with an 
increased MACE risk only at HbA1c of ≥86mmol/mol. Strategies to 
optimize HbA1c targets should therefore be individualised according 
to patients CVD status.
Supported by: Research Pump Priming UHDB
Disclosure: T.S.J. Crabtree: Lecture/other fees; Novo Nordisk, 
Sanofi, Lilly, Dexcom, Abbott Diabetes Care, Insulet.

368
Age-dependent association of NT-proBNP with obesity, insulin 
resistance, and inflammation in type 2 diabetes: a cross-sectional 
study in the DD2 cohort
T. Olesen1, J.V.  Stidsen1, S.L.  Domazet1, J.S.  Nielsen1, K. Højlund1, 
A.L.  Hansen2, F.P.B.  KKristensen3, P.  Vestergaard4, M.H.  Olsen5;
1Steno Diabetes Center Odense, Odense University Hospital, Odense 
C, Denmark, 2Steno Diabetes Center Copenhagen, Herlev, Denmark, 
3Department of Clinical Epidemiology, Aarhus University Hospital, 
Aarhus, Denmark, 4Department of Endocrinology, Aalborg Univer-
sity Hospital, Aalborg, Denmark, 5Steno Diabetes Center Zealand and 
Department of Internal Medicine, Holbæk Hospital, Holbæk, Denmark.

Background and aims: Natriuretic peptides play an important role in 
cardiorenal and cardiometabolic protection, with their secretion increasing 
in response to cardiac strain. Individuals with obesity have lower levels of 
these hormones than lean individuals, leading to the concept of “natriuretic 
deficiency”. This deficiency has been associated with insulin resistance 
and inflammation. However, the effect of age on natriuretic deficiency is 
poorly understood. Therefore, this study aims to investigate the relationship 
between circulating N-terminal pro-brain natriuretic peptide (NT-proBNP) 
levels and obesity, insulin resistance, and inflammation in patients with 
type 2 diabetes, and to determine if age modifies this relationship.
Materials and methods: A total of 4,162 patients (1,755 females) 
from the Danish Center for Strategic Research in Type 2 Diabetes 
(DD2) cohort were included in this cross-sectional study. Multiple 
linear regression was used with log-transformed NT-proBNP as the 
dependent variable and age, sex, waist-to-hip ratio (WHR), and log-
transformed values of IL-6 and HOMA2-IR as independent variables. 
Modification by age was evaluated for all associations. Beta values 
are reported as standardized coefficients and 95% CI.
Results: Age was positively associated with log NT-proBNP (β=0.43 
[0.40-0.46], P<0.001), and the association was further accentuated 
with increasing age  (Page^2<0.001). Age significantly modified the sex 
differences in NT-proBNP levels  (Pinteraction<0.001). In participants 
younger than 50 years, male sex was associated with lower log NT-
proBNP (β=-0.21 [-0.36, -0.06], P=0.007), while in those older than 75 
years, male sex was positively associated with log NT-proBNP (β=0.30 
[0.08-0.52], P=0.007). The inverse associations between WHR and 
log NT-proBNP (β=-0.06 [-0.09, -0.03], P<0.001) and between Log 
HOMA2-IR and log NT-proBNP (β=-0.05 [-0.08, -0.02], P<0.001) 
were both weakened by age  (Pinteraction=0.004 and  Pinteraction=0.049, 
respectively). Finally, log IL-6 and log NT-proBNP were positively 
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associated (β=0.14 [0.11-0.17], P<0.001), and the association was 
strengthened by age  (Pinteraction<0.001).
Conclusion: The association between obesity, insulin resistance, inflam-
mation and NT-proBNP levels varies with age. In younger patients, 
obesity and insulin resistance may impair natriuretic peptide production 
or increase degradation, leading to natriuretic deficiency. Conversely, 
age strengthens the association between inflammation and BNP levels

Disclosure: T. Olesen: None.

369
Type 2 diabetes, glycaemic indexes, and cerebral small vessel dis-
ease: genetic overlap, causal relationship and drug targets
K.-J. Lee1, J.  Lee2, S.  Lee2, H.-J.  Bae3, J.  Sung2;
1Department of Neurology, Korea University Guro Hospital, Seoul, 
Republic of Korea, 2Complex Diseases and Genome Epidemiology 
Branch, Graduate School of Public Health, Seoul National University, 
Seoul, Republic of Korea, 33Department of Neurology and Cerebro-
vascular Center, Seoul National University Bundang Hospital, Seoul 
National University College of Medicine, Seongnam, Republic of Korea.

Background and aims: Type 2 diabetes (T2DM) is a potential risk 
factor for cerebral small vessel disease (cSVD), but the relationship 
between glycemic indexes and cSVD is unclear. We examined the 
linkage and causal relationship between T2DM, glycemic indexes, 
and cSVD phenotypes using large, recently published genome-wide 
association studies (GWAS).
Materials and methods: We analyzed GWAS data on T2DM, glyce-
mic indexes (including glycated hemoglobin, fasting glucose, 2-hour 
glucose after an oral glucose challenge, and fasting insulin levels), 
and cSVD phenotypes (white matter hyperintensity volume, lacunar 
stroke, and cerebral microbleeds). Our analysis involved: 1) iden-
tifying pleiotropic SNPs, 2) global genetic correlation analysis, 3) 
two-sample Mendelian randomization analysis, and 4) drug-target 
Mendelian randomization analysis with expression quantitative trait 
loci (eQTL) data.
Results: We found 11 pleiotropic SNPs with shared associations among 
T2DM, glycemic indexes, and cSVD phenotypes, including three unreported 
SNPs (rs2361543, rs12542733, rs713286). Genetic correlation analysis 
revealed T2DM and 2-hour glucose after an oral glucose challenge correlated 
with white matter hyperintensity volume and lacunar stroke. Fasting glucose 
also correlated with lacunar stroke. In the two-sample Mendelian randomiza-
tion analysis, only T2DM and 2-hour glucose after an oral glucose challenge 
increased the risk of lacunar stroke (Odds ratio [95% CI], 1.10 [1.05-1.16] 
and 1.28 [1.05-1.57], respectively). In the drug-target Mendelian randomiza-
tion analysis, sodium-glucose cotransporter-2 (SGLT2) inhibitors appeared 
to lower the risk of white matter hyperintensity volume and lacunar stroke 

(0.78 [0.63-0.98] and 0.39 [0.18-0.88], respectively), and glucose-dependent 
insulinotropic polypeptide (GIP) receptor agonists lowered the risk of cerebral 
microbleeds (0.52 [0.27-0.98]).
Conclusion: Our analysis demonstrated the linkage between T2DM, 
glycemic indexes, and cSVD phenotypes, as well as the potential 
preventive role of antidiabetic agents in cSVD.
Supported by: This works was supported by Korea University Guro 
Hospital (KOREA RESEARCH-DRIVEN HOSPITAL) and grant 
funded by Korea University Medicine (No. K22104)
Disclosure: K. Lee: None.

370
Investigating long-term complications of gestational diabetes 
using real-world data
G. Goldet1, F.  Tam1, A.  Frankel1, Z. Ul-Haq2, R.  Dattani1, T. 
 Kamalati2;
1Hammersmith Hospital, London, UK, 2Imperial College Health 
Partners, London, UK.

Background and aims: Gestational diabetes mellitus (GDM) is 
known to be associated with the development of Type 2 Diabetes 
mellitus (T2DM) and possibly other long-term complications. Our 
aim is to better understand long-term outcomes for women having 
suffered GDM in the general population.
Materials and methods: Among 2.3 million people in Northwest 
London in the DISCOVER-NOW dataset we identified a cohort of 400 
subjects coded with GDM in primary care between 2010 and 2011 and 
followed them up through to 2021. Our comparator cohort of pregnant 
women without a coding for any form of diabetes contains 64, 709 
subjects. We then analysed coding for a variety of complications (e.g. 
Chronic Kidney Disease (CKD), Hypertension, Eye disease, Cerebro-
vascular disease, Ischaemic heart disease, liver disease, and diabetic 
foot disease). We also extracted data on baseline demographics.
Results: We report basic demographic data on the two groups including age 
of first pregnancy, ethnicity, BMI, and smoking status. Though the two groups 
of women were broadly similar in terms smoking status, BMIs coded for in 
the GDM group were notably higher. The average age of first pregnancy in 
the non-diabetic cohort was 30.3 vs. 31.4 in the GDM cohort. We also report 
co-morbidities accrued in the two groups. The most coded-for comorbidity 
in the non-diabetic cohort in the follow-up period was hypertension, with 
4225 (6.5%) subjects coded for it. In the GDM group, though 48 (12%) did 
develop hypertension, eye complications were more often coded for, with 75 
(18.8%) subjects coded for these (not to mention progression to T2DM which 
was coded for in 24.5% of GDM subjects vs. 2.5% of non-diabetic subjects).
Conclusion: We have demonstrated, from real-world data, the conse-
quences of GDM over a ten-year period, including development of retinopa-
thy, progression to T2DM and liver disease. A longer follow-up period will 
provide further details of conditions developing more slowly, such as CKD.

Supported by: Diamond Fund (Imperial Health Charities)
Disclosure: G. Goldet: None.
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371
Prediction of mortality and validation of the ATC-code based 
Rx-risk comorbidity index in the "Outcomes & Multi-Morbidity 
In Type 2 diabetes" (OMIT) cohort
E.S. Buhl1, J.  Igland2, R.  Forster3, A.  Jenum1, R.B.  Strandberg4, T.J. 
 Berg5, J. Røssberg6, M.M.  Iversen4;
1Dep. of General Practice, University of Oslo, Norway, Oslo, Norway, 
2Dep. of Global Public Health and Primary Care (UiB) and Dep. 
of Health and Caring Sciences (HVL), University of Bergen (UiB) 
and Western Norway University of Applied Sciences (HVL), Ber-
gen, Norway, 3Norwegian Institute of Public Health, Bergen, Norway, 
4Dep. of Health and Caring Sciences, Western Norway University of 
Applied Sciences (HVL), Bergen, Norway, 5Inst. of Clinical Medicine 
(UiO) and Dep. of Endocrinology, Morb. Obesity and Prev. Medicine 
(OUH), University of Oslo, Norway (UiO) and Oslo University Hos-
pital (OUH), Oslo, Norway, 6Inst. of Clinical Medicine (UiO) and 
Division of Mental Health and Addiction (OUH), University of Oslo 
(UiO) and Oslo University Hospital (OUH), Oslo, Norway.

Background and aims: The Rx-risk comorbidity index quantifies the 
overall burden of multi-morbidity based individual disease categories 
defined by dispensed drug prescriptions (Rxs). However, the validity of 
the index to predict mortality among persons with type 2 diabetes (T2D) 
is unknown. Therefore, we aimed to adapt and evaluate the validity of 
the Rx-risk index in terms of its ability to predict mortality in adults 
with T2D.
Materials and methods: A calibration sample of 42 290 adults 
diagnosed with T2D before 2014 and a validation sample of 7 
085 adults diagnosed 2014-2016 was identified within the “Out-
comes & Multi-morbidity In Type 2 diabetes” (OMIT) cohort, 
constructed via linkages between the Norwegian Diabetes Reg-
ister for Adults, the Norwegian Prescription Database, Statistics 
Norway and the Norwegian Population Registry. For the calibra-
tion sample, dispensed drug prescriptions in 2013 were mapped 
to 46 comorbidity categories. Weights for each category were 
estimated using regression coefficients from a Cox regression 
model with 5-year mortality as the outcome where all comor-
bidity categories were, in addition to age and sex, included as 
covariates. The Rx-risk index was computed as a weighted sum 
of comorbidities. The validity of the Rx-risk index to predict 
mortality was evaluated both in the samples by using C-statistic 
from Cox regression.
Results: In the calibration sample [mean (SD) age = 63.8 (12.4) years; 
mean (SD) diabetes duration = 10.1 (7.0) years], the Rx-index pre-
dicted 5-year mortality with a C-index (95% CI) of 0.82 (0.81-0.83) 
(Figure 1), and when stratifying on age groups, gender, level of educa-
tion and country of origin C-indexes (95% CI) varied from 0.72 (0.69-
0.75) to 0.85 (0.80-0.89). In the validation sample [mean (SD) age = 
59.7 (13.0) years; mean diabetes duration = 2.0 (0.8) years], C-index 
(95% CI) was 0.84 (0.80-0.87).
Conclusion: The Rx-risk index showed good discrimination and cali-
bration in predicting 5-years mortality and thus presents a valid tool 
to assess multi-morbidity among persons with T2D.

Disclosure: E.S. Buhl: Employment/Consultancy; E.S.B. has 
received fees for lectures and medical advising to Novo Nordisk, 
Sanofi Aventis and Mundi-Pharma.
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Incidence of type 2 diabetes with verapamil treatment compared 
with other calcium channel blockers
J.W. Sacre1, J.M.  Wentworth2,3, D.J.  Magliano1,4, J.E.  Shaw1;
1Baker Heart and Diabetes Institute, Melbourne, Australia, 2Walter and 
Eliza Hall Institute, Melbourne, Australia, 3Royal Melbourne Hospital, 
Melbourne, Australia, 4Monash University, Melbourne, Australia.

Background and aims: Recent evidence that the calcium channel 
blocker (CCB) verapamil preserves beta cell function in type 1 diabetes 
raises the prospect of a role for this medication in prevention of type 2 
diabetes. We compared type 2 diabetes incidence between verapamil 
versus other CCB users in a large cohort of Australians without diabetes.
Materials and methods: Among ~2 million Australians without dia-
betes registered on the Pharmaceutical Benefits Scheme (PBS), we 
identified 345,285 CCB-treated individuals (≥2 supplies) aged ≥40 
years during the period 2002-2014. Incident type 2 diabetes was cap-
tured via linkage to the National Diabetes Services Scheme (NDSS). 
Individuals were followed from the date of their first CCB supply until 
onset of diabetes, death, age 90 years, or end-2014. Hazard ratios (HR) 
and 95% CIs for the relationship between verapamil versus other CCBs 
and incident type 2 diabetes were estimated via Cox regression using 
age as the time scale and adjusted for sex, area-based socioeconomic 
status, and medication use (ACE inhibitor/angiotensin receptor blocker, 
beta-blocker, diuretic, lipid-lowering, and antiplatelet therapy).
Results: Participants were aged 69 ± 9 years at study entry (50% 
women), and 38,989 (11%) were treated with verapamil. During a 
median follow-up of 6.4 years, 24,061 individuals developed type 2 
diabetes. The overall adjusted HR for incident type 2 diabetes with 
verapamil treatment compared with other CCBs was 0.94 (0.91-0.98). 
However, interaction testing revealed subgroup differences according to 
baseline beta-blocker use, whereby verapamil was associated with lower 
incidence of type 2 diabetes in the setting of beta-blockade (HR 0.81 
vs. 0.96 in those without beta-blockade; p<0.05). Similar results were 
observed in two sensitivity analyses: i) when verapamil was compared 
with dihydropyridine CCBs only; and ii) when the cohort was restricted 
to individuals treated with at least one other antihypertensive drug.
Conclusion: Verapamil may be associated with lower incidence of 
type 2 diabetes compared with other CCBs. Further research is war-
ranted to clarify its potential to reduce type 2 diabetes risk in certain 
clinical settings.
Supported by: NHMRC; Victorian Government Operational Infra-
structure Support Program
Disclosure: J.W. Sacre: None.
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Two population-based studies showed that several environmental 
contaminants were related to diabetes
M. Lind1, L.  Dunder1, L.  Lind1, S.  Salihovic2;
1Department of Medical sciences, Uppsala University, Uppsala, Swe-
den, 2Faculty of Medicine and Health, Örebro University, Örebro, 
Sweden.

Background and aims: In previous studies on environmental con-
taminants and diabetes only a limited number of contaminants have 
been evaluated. The aim with the present study is therefore to obtain 
a comprehensive picture of the relationships between a large number 
of environmental contaminants and prevalent diabetes.
Materials and methods: In 10 examination cycles in The National 
Health and Nutrition Examination Survey (NHANES) (1999-2017) 

altogether 116 different environmental contaminants were evaluated in 
the circulation or urine in relation to prevalent diabetes. Similar analyses 
were also performed in the Prospective Investigation of Vasculature 
in Uppsala Seniors (PIVUS) study (n=1016, all aged 70 years, 50% 
women, 42 contaminants). The logistic regression models were adjusted 
for age, sex, race, education, BMI, alcohol intake, smoking and lipids.
Results: In a meta-analysis of the 10 NHANES examinations, thirty-six 
contaminants were significantly related to prevalent diabetes. Those 
contaminants represent a number of different classes, such as metals, 
PCBs, dioxins, furans, pesticides, PFAS, phthalates, and phenols. Some 
of these relationships were inverse, such as lead, cadmium, mercury, 
barium, cesium and strontium, some PFAS and furans, as well as benzo-
phenone-3. In the smaller PIVUS study (119 prevalent diabetes cases), 
significant relationships similar to NHANES were seen for some PCBs, 
p,p´-DDE and lead. PFHxS and PFOA, showed inverse relationships 
also in PIVUS. The same was seen for mercury and cadmium.
Conclusion: Many environmental contaminants were related to diabetes 
in the NHANES study. Some of these relationships, mainly some metals 
and PFAS, were negative. Many of these results were similar in the smaller 
PIVUS study. These findings need be evaluated in prospective studies.
Disclosure: M. Lind: None.

374
Association of serum and urinary ionome with dysglycaemia and 
diabetic complications
Z. Sun1, M.  Sang1, P.  Wang2, S.  Qiu1, T.  Wu3, D.  Wang4, F.  Wang2, 
Y.  Gu2;
1Zhongda Hospital, Southeast University, Nanjing, China, 2Nanjing 
Agricultural University, Nanjing, China, 3Adelaide Medical School, 
The University of Adelaide, Adelaide, Australia, 4Liverpool School 
of Tropical Medicine, Liverpool, UK.

Background and aims: Although evidence have revealed that ionic 
elements are involved in the development of dysglycaemia and dia-
betic complications, few studies regarding the association between 
ionome and prediabetes. Moreover, no studies have been reported on 
the association between serum and urinary ionome and dysglycaemia 
and diabetic complications in multiple regions of China. This study 
was designed to address the issue.
Materials and methods: We conducted a cross-sectional study to 
examine the associations of urinary concentrations of 27 elements 
and serum concentrations of 19 elements with dysglycaemia and dia-
betic complications among 2649 community-dwelling adults from 8 
provinces and 10 regions in China. Logistic regression analyses were 
used to assess this associations.
Results: A total of 1548 with normoglycaemia, 503 with prediabetes 
and 598 with diabetes were enrolled in this study. After adjusting for 
confounders, serum arsenic, lead, strontium, lanthanum, iron, antimony 
and selenium were positively associated with prediabetes and diabetes 
(P<0.05); serum cobalt was only positively correlated with diabetes 
(P=0.02). Urinary molybdenum, nickel and titanium were negatively 
associated with prediabetes; urinary nickel, lithium, titanium, vanadium 
and magnesium were negatively associated with diabetes (P<0.05), while 
urinary arsenic, selenium, zinc, phosphorus were positively associated 
with diabetes (P<0.05). Serum iron, vanadium, antimony were negatively 
and urinary iron, calcium were positively associated with diabetic kidney 
disease. Serum chromium, rubidium and urinary cadmium were positively 
associated with diabetic retinopathy (P<0.05), while urinary cobalt was 
negatively associated with diabetic retinopathy (both P=0.04).
Conclusion: Our results suggest that multiple elements in serum and 
urine are associated with dysglycaemia and diabetic complications.
Supported by: National Key R&D Program of China (2016YFC1305700)
Disclosure: Z. Sun: None.
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Estradiol and estrone levels are associated with prevalent diabetes 
in postmenopausal women: a cross sectional study in a Swedish 
cohort
K. Ottarsdottir1,2, M.  Hellgren1, U.  Lindblad1, C.  Ohlsson3,4, B. 
 Daka1;
1General practice – Family medicine, School of Public Health and 
Community Medicine, Institute of Medicine, Gothenburg, Sweden, 
2The Local Research and Development Council Södra Älvsborg, 
Sweden, Borås, Sweden, 3Sahlgrenska Osteoporosis Centre, Centre 
for Bone and Arthritis Research, Department of Internal Medicine 
and Clinical Nutrition, Institute of Medicine, Gothenburg, Sweden, 
4Department of Drug Treatment, Sahlgrenska University Hospi-
tal, Region Västra Götaland, Gothenburg, Sweden, Gothenburg, 
Sweden.

Background and aims: Previous research on the association between 
estradiol and glucose metabolism is inconclusive. Many studies have 
been conducted using radioimmunoassays, that can be interfered by 
inflammatory variables and are also associated with low precision 
in low range concentrations. The aims of this study were to assess 
the association between estradiol, estrone and diabetes mellitus in 
postmenopausal women, and to investigate the association between 
estradiol, estrone and HOMA-Ir, using mass spectrometry.
Materials and methods: In this observational study, the par-
ticipants were physically examined in 2002-2004. Blood samples 
were drawn after overnight fasting, and endogenous sex hormones 
were analyzed by liquid chromatography-tandem mass spectrom-
etry. Women ≥55 years old with estradiol levels below 20 pg/mL, 
not using any hormonal therapy were eligible for inclusion in the 
study (N=146). Type 2 diabetes was defined based on diagnose 
set by a doctor, or if the results from OGTT or fasting glucose 
met the WHO 1999 criteria for diabetes mellitus. To compare 
the characteristics between the group with and without diabetes, 
independent sample T-tests were performed. Logistic regression 
analyses were performed, using prevalent diabetes mellitus as the 
dependent variable. The models used were: Model 1: adjusted 
for age and BMI. Model 2: adjusted for age, BMI, CRP, LDL, 
and known hypertension. Model 3 adjusted for the above adding 
smoking status and physical activity. To assess the association 
between estradiol and HOMA-ir, linear regression analyses were 
performed.
Results: Of the 146 participants, 18 were diagnosed with type 2 
diabetes. Mean age was 64 years in both groups. Participants with 
type 2 diabetes had a higher prevalence of hypertension, higher 
BMI, higher levels of estrone and estradiol compared to those 
without type 2 diabetes (t-test p<0.001 for all variables) and the 
level of physical activity was lower in those with type 2 diabetes 
(p=0.016). There were no significant differences between these 
groups regarding age, CRP, LDL, and smoking habits. The logistic 
regression model showed that 1 pg/ml increase in estradiol was 
associated with significant increase in OR for type 2 diabetes (OR 
1.29 CI:1.01 1.16, P=0.041) in the fully adjusted model. The cor-
responding numbers for estrone were OR 1.10, 95% CI: 1.02;1.19, 
P=0.010. Increase in levels of estradiol was significantly associ-
ated with increase in levels of HOMA-Ir in the model adjusting 
for age and BMI (B=0.0.19, CI: 0.002;0.036, P=0.027), but sig-
nificance disappeared when further adjustments were made (fully 
adjusted model: B=0.014, CI:-0.003;0.031, P=0.098).
Conclusion: Higher levels of estradiol and estrone were associated 
with prevalence of diabetes in this cross-sectional study. Possible 
causality and biological pathways remain to be further investigated
Supported by: R&D Centre Södra Älvsborg, The Local research an 
development council, Södra Älvsborg
Disclosure: K. Ottarsdottir: None.
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Associations of transportation noise and nighttime temperature 
with the metabolome of the Dutch adult population: a cross-
sectional study
M. Muilwijk1, S.  Remmelzwaal1, F.  Rutters1, A.  Huss2, Q.  Tardif1, 
S.  Picavet3, C.  Stehouwer4, C. van der  Kallen4, A.  Koster4, M. van 
 Greevenbroek4, I. de  Jonge5, R. de  Mutsert5, B.  Penninx6, J.  Lakerveld1, 
J.  Beulens1;
1Amsterdam UMC, Location VUmc, Amsterdam, Netherlands, 
2Utrecht University, Utrecht, Netherlands, 3RIVM, Zeist, Nether-
lands, 4Maastricht University, Maastricht, Netherlands, 5LUMC, Lei-
den, Netherlands, 6Amsterdam UMC, location VUmc, Amsterdam, 
Netherlands.

Background and aims: More than 113 million people in Europe 
are exposed to high levels of environmental noise, and nighttime 
temperature has rapidly been increasing past decades. Both environ-
mental noise and nighttime temperature are hypothesized to increase 
morbidity (including but not limited to type 2 diabetes) and mortal-
ity, e.g. through stress and sleep disturbance. Metabolomics offers 
a powerful tool to better understand the mechanistic links between 
environmental exposures and human health. Therefore, our study 
aimed to cross-sectionally investigate associations between exposure 
to transportation noise and nighttime temperature with the metabo-
lome of Dutch adults.
Materials and methods: Data from The Maastricht Study, 
Doetinchem Cohort Study, NEO and NESDA (n=15,519), with 
metabolomics determined by the Nightengale platform were used. 
Metabolites were standardized to z-scores. Nationwide data on 
transportation noise and nighttime temperature the month before 
blood collection were retrieved from national registries, initiated 
by GECCO. Linear regression analyses were adjusted for age, sex, 
socio-economic status, season of blood collection and air pollution 
(NO2). Cohort-specific estimates were pooled by random-effects 
meta-analyses. Effect modification by age and socio-economic 
status was assessed. P-values were adjusted for multiple testing by 
controlling the false discovery rate (FDR; <0.05).
Results: A total of 197 metabolites were meta-analyzed. Nighttime 
temperature was statistically significant associated with 15 metabolites. 
For instance a beta of 0.005 [95%-CI 0.004; 0.007, p-value= 1.44E-
13] for total cholines, and a beta of -0.007 [95%-CI -0.010; -0.005, 
p-value= 2.0E-6] for phospholipids to total lipids ratio in medium 
HDL. Noise was statistically significant associated to 16 metabolites, 
but effect sizes were smaller with betas of for example 7.2E-18 [95%-
CI 4.1E-18; 1.02E-17, p-value= 0.0005] for phospholipids to total 
lipids ratio in medium HDL. The heterogeneity across cohorts was low.
Conclusion: Nighttime temperature and transportation noise are sta-
tistically significant associated to metabolites, which have for instance 
been associated to type 2 diabetes and cardiovascular disease. The 
effect size is small, especially for transportation noise, but may be 
important at a population level. Longitudinal cohort studies can 
identify the long term effects of consecutive exposures to nighttime 
temperature and transportation noise.
Supported by: This work is supported by EXPOSOME-NL, NWO 
grant number 024.004.017
Disclosure: M. Muilwijk: None.
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Perceived stress and insulin resistance in a population study in 
Southwestern Sweden
G. Szalo, M. Eriksson, M. Hellgren, U. Lindblad, B. Daka;
School of Public Health and Community Medicine, Sahlgrenska 
Academy, University of Gothenburg, Gothenburg, Sweden.
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Background and aims: The pathway between perceived stress and 
the development of diabetes mellitus through insulin resistance is not 
entirely understood. This study examines the associations between 
perceived stress and insulin resistance in an observational study.
Materials and methods: 1327 randomly selected individuals, 30-75 
years of age, were examined (Men =657) from 2012- 2014. We 
included 1177 individuals in cross-sectional analyses with complete 
data on perceived stress and HOMA-IR (Men=592). Body height, 
weight, heart rate and blood pressure were measured. All participants 
underwent an oral glucose tolerance test (OGTT). Diabetes diagno-
sis was based on the 1999 WHO recommendations. Fasting plasma 
insulin was analyzed using an enzyme-linked immunosorbent assay 
(ELISA). Insulin resistance was calculated by HOMA- IR with the 
formula: (fasting insulin x fasting glucose)/22.5. We used logHOMA-
IR in our analyses. Perceived stress was evaluated with the PSS-10 
(Perceived Stress Scale), which contains ten questions with 0 and 
4 points for each answer. The total points were 40 and the cut-off 
between low and high-stress levels was 20 points. Linear regression 
models were used to investigate the association between total PSS-10 
and logHOMA-IR. Multivariable general linear models were used to 
investigate the differences in logHOMA-IR based on low and high-
stress levels. We adjusted these associations in two models: in model 
1, adjusting for age, and in model 2, we added BMI.
Results: Mean age was 57,4± 11.2 years. We found that an increase 
in PSS-10 was associated with an increase in logHOMA-IR (β=0.005, 
CI: 0.001- 0.009, p= 0.010) even after adjustment for model 2 in men 
but not in women (p=0.566). There were no significant differences 
in logHOMA-IR between low and high PSS-10 levels (p=0.423).
Conclusion: We want to contribute our results to understand how 
stress affects insulin resistance at the population level. We found 
associations between perceived stress and insulin resistance in men. 
Surprisingly there were no significant differences in insulin resistance 
between low and high-stress levels, although the sample was large 
enough to demonstrate significant clinical associations.
Supported by: The Skaraborg Institute, Skövde, Sweden; The Health-
care Board, Region Västra Götaland, Sweden
Disclosure: G. Szalo: Grants; The Skaraborg Institute, Skövde, Swe-
den, The Healthcare Board, Region Västra Götaland, Sweden.

378
Metabolic modelling reveals a switch in the metabolic exchange 
of the gut microbiome of patients with diabetes
S. Alban, C. Kaleta, Perfood GmbH;
Institut für Experimentelle Medizin, Kiel, Germany.

Background and aims: The use of metabolic modelling to study the 
gut microbial community has led to new insights into the underlying 
changes that co-occur with disease like diabetes. In this study, we 
aimed to investigate the association between the metabolic fluxes of 
the gut microbial community and the blood glucose levels and how 
those associations are related to diabetes.
Materials and methods: We obtained stool 16s sequences from 
2,286 participants, including 95 diabetic and 166 prediabetic indi-
viduals, in addition to clinical and lifestyle data. After mapping the 
16s sequences to a reference gut microbiome, I reconstructed the 
genomic scale metabolic models and used constraint based model-
ling to simulate the microbial community metabolic models. Those 
models include estimates for the metabolic fluxes among the com-
munity and with the host.
Results: Linear mixed models (LMMs) revealed significant associa-
tions between the glucose levels and multiple metabolic fluxes, after 
accounting for confounders. Some of which are: amino acids (L-Glu-
tamine, L-Serine, L-Methionine), carbohydrates (Sucrose and starch) 

and carboxylic acids (Succinate and Formate). Interestingly, those 
associations disappeared when considering only diabetic or predia-
betic participants, with no differences related to diabetic medications.
Conclusion: Those observations lead to the conclusion that pathologi-
cal level of blood glucose might alter the gut microbial community, as 
the diversity drops and the crosstalk among the community is reduced, 
those alterations do not seem to recover with medications. The high 
levels of glucose could constitute a sustainable source of energy for the 
bacteria in the community, which becomes a positive selection force 
for competitive bacteria in contrast to collaborative ones.
Supported by: DFG
Disclosure: S. Alban: None.

379
Human fecal microbiome transplantation does not alter diabetes 
incidence in NOD mice
R. Minab1,2, E.  Rampanelli3, N.M.J.  Hanssen3, C.M. Fuhri 
 Snethlage3, D.H. van  Raalte3, B.O.  Roep4, M.  Nieuwdorp3, B.A. 
 Vallance5,2, C.B.  Verchere1,2;
1BC Children’s Hospital Research Institute, Vancouver, BC, Canada, 
2Pathology and Laboratory Medicine, University of British Columbia, 
Vancouver, BC, Canada, 3Amsterdam Diabetes Centrum, Amster-
dam UMC, Amsterdam, Netherlands, 4Leiden Universitair Medisch 
Centrum, Leiden, Netherlands, 5Gut4Health Microbiome Core, BC 
Children’s Hospital Research Institute, Vancouver, BC, Canada.

Background and aims: Type 1 diabetes (T1D) is a devastating disease 
in which the islet beta cells produce little to no insulin due to their 
autoimmune destruction. The gut microbiome has emerged as a poten-
tial driver of autoimmunity in T1D. Our recent clinical study showed 
that in new-onset T1D individuals, autologous fecal microbiome trans-
plantation (FMT) preserved beta-cell function for over 12 months. To 
gain insight into the mechanism underlying this protective effect, we 
performed human FMT in the non-obese diabetic (NOD) mouse model 
of T1D. We hypothesized that FMT from healthy humans will lead to 
decreased β-cell directed autoimmunity, preservation of β-cell function, 
and decreased diabetes incidence in NOD mice.
Materials and methods: To determine whether diabetes incidence 
in NOD mice is affected by altering the gut microbiome, a healthy 
human donor fecal sample was orally gavaged into 8-week old female 
NOD mice, 4 times over a 2-week period, who were already pre-
treated with antibiotics for 7 days prior to FMT treatment. Beta-
cell function was assessed by intraperitoneal glucose tolerance test 
(IPGTT) at 12 and 20 weeks of age. Following development of diabe-
tes or at 30 weeks of age the microbiome of these mice was assessed 
by 16S metagenomic sequencing.
Results: FMT with feces from a healthy human donor had no impact 
on diabetes incidence in NOD mice (FMT: 7/10; saline control: 
5/10; p = 0.6). Although IPGTT curves were similar in 12-week 
old NOD mice that underwent FMT compared to saline gavage con-
trols, blood glucose was modestly elevated in recipients of FMT 
at 120 min post-glucose challenge, so that total area under curve 
was 146±42 vs 77±28; p=0.019 (mean± SEM). Metagenomic 
sequencing revealed higher levels of Firmicutes and Actinobacte-
ria in human FMT-treated mice and higher levels of Akkermansia 
in saline control mice.
Conclusion: A healthy human microbiome does not appear to impact 
diabetes onset in NOD mice but may cause modest impairment in glu-
cose tolerance. Future studies will compare consecutive FMTs being 
performed with feces from healthy and T1D individuals to further 
explore its impacts on the incidence of diabetes and beta cell function.
Supported by: Diabetes Fonds Netherlands
Disclosure: R. Minab: None.
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Inequity in type 2 diabetes management in New Zealand: clinical 
targets and prescribing
L. Chepulis1, M.  Rodrigues1, J. Scott  Jones2, R.  Keenan1, A.  Moffitt3, 
R.  Lawrenson4, T.  Kenealy5, R.  Murphy5, L. Te  Karu6, P.  Clark7, R. 
 Paul4;
1University of Waikato, Hamilton, New Zealand, 2Midlands Health 
Network, Hamilton, New Zealand, 3Procare Health Limited, Auck-
land, New Zealand, 4Te Whatu Ora / Health New Zealand, Hamil-
ton, New Zealand, 5University of Auckland, Hamilton, New Zealand, 
6School of Pharmacy, University of Otago, Hamilton, New Zealand, 
7Northcare Medical Centre, Hamilton, New Zealand.

Background and aims: Optimal management of type 2 diabetes (T2D) 
and cardiovascular risk includes the use of pharmacotherapy but in New 
Zealand there is significant ethnic inequity in access to medications. The 
aim of this study was to provide a clinical snapshot of T2D patients meet-
ing clinical targets and to report on changes in HbA1c after introduction of 
empagliflozin/dulaglutide under a special authority that prioritized access 
for Indigenous Māori and Pacific peoples alongside a need for clinical 
criteria in other ethnic groups (these agents were approved for use in New 
Zealand from 2021 but patients may only receive one fully subsidized).
Materials and methods: We evaluated an adult T2D primary care 
dataset (n=56,053 from 304 general practice clinics) from the Auck-
land and Waikato regions of New Zealand. Measures included labo-
ratory data, prescriptions and patient and practice variables. The 
proportion of patients meeting clinical targets were calculated as at 
June 2022 along with the proportion of T2D patients initating empa-
gliflozin/dulaglutide therapy and any change in HbA1c that followed.
Results: During 2022, the proportion of patients at target included 
HbA1c (≤ 53 nmol/mol; 40.3%), BP (≤ 130/80 mm/Hg; 43.5%) and 
LDL-C (≤ 1.8 mmol/L; 32.7%). Māori were less likely than European 
T2D patients to meet clinical targets (eg 35.5% vs 42.7% at target for 
HbA1c; P < 0.01). First prescriptions for empagliflozin/dulaglutide 
were significantly higher for Māori and Pacific compared to non-Māori, 
non-Pacific (45% vs 30%; P < 0.01). In those with at least one script, 
the mean HbA1c decreased by 4.6 ± 17.8 mmol/mol after 5-7 months 
with the highest reductions occurring in Māori (5.8 ± 20.0 mmol/mol). 
The proportion of patients meeting clinical targets and medication pre-
scribing of the new agents varied widely across practices.
Conclusion: Management of T2D is clinically complex and continues 
to be sub-optimal for many patients despite the availability of new 
agents and ongoing clinical diabetes education. The Special Authority 
appears to have improved access to new medications for Māori and 
Pacific peoples. The large variation by practice suggests that further 
work is required to overcome patient barriers to access and clinical 
inertia.
Supported by: Health Research Council of New Zealand
Disclosure: L. Chepulis: Grants; Health Research Council of New 
Zealand.

381
Impact of diabetes on physical functioning and musculoskeletal 
pain in persons who are close to retirement age
S. Molsted1, J.  Hansen2, C.J.  Nilsson3, O.  Ekholm4, H.  Hansen5;
1Nordsjaellands University Hospital, Hillerod, Denmark, 2Department 
of Midwifery, Physiotherapy, Occupational Therapy and Psychomo-
tor Therapy, University College Copenhagen, Copenhagen, Denmark, 
3Department of Public Health, University of Copenhagen, Copenhagen, 
Denmark, 4University of Southern Denmark, Copenhagen, Denmark, 
5Department of Respiratory Medicine, Hvidovre Hospital, Copenha-
gen, Denmark.

Background and aims: The retirement age is increased these years 
in Denmark and in other countries. There is a variation in the health 
status of the older working force, and some persons have more issues 
related to work capacity than others. Diabetes (DM) may impact 
physical function and musculoskeletal pain negatively, and thus, the 
ability to maintain a sufficient work capacity. The aim of this study 
was to investigate the impact of diabetes on physical function and 
musculoskeletal pain in 60-70 years old persons.
Materials and methods: Data were collected in the Health and Mor-
bidity Survey 2017. Sex and age were obtained from The Danish Civil 
Registration System, and other data were self-reported. Inclusion criteria: 
age 60-70 years; DM or non-DM reported. Type of DM was not reported. 
Physical function was assessed using three questions regarding: walk 400 
meters; climb a flight of stairs without resting; and carry 5 kilos. The 
response categories were: Yes, without difficulty; yes, with little difficulty; 
yes, with much difficulty; or no, not at all, which were recoded into ‘lim-
ited’ or ‘not limited’ according to standard procedures. Musculoskeletal 
pain was assessed using three questions regarding pain during the past 14 
days: Pain or discomfort in the shoulder/neck; in the back/lower back; or 
in the arms/ hands/legs/knees/hips/joints with three response categories: 
yes, very bothered; yes, slightly bothered; or no. The reported answers of 
pain were recoded into ‘yes’/‘no’ according to standard procedures. Num-
bers of physical function limitations and pain locations were dichotomized 
into ‘none/one’ or ‘two/three’ (moderate/severe). Co-variates included sex, 
age, socioeconomic status (three levels), physical activity using the Saltin-
Grimby Physical Activity Level Scale (active vs inactive), and body mass 
index.
Results: 2045 persons were included (age (mean ± SD) 65 ± 3 years; 
women 50%; DM 11% (n=218)). Moderate/severe reduced physical 
function was reported by 43% vs 18% in DM and non-DM, respec-
tively, p<0.001. Moderate/severe pain was reported by 65% vs 53% in 
DM and non-DM, respectively, p=0.001. In logistic regression analy-
ses with confounder adjustments, DM was associated with reduced 
physical function OR 2.12 [95% CI 1.44; 3.12], p<0.001, and muscu-
loskeletal pain with pain OR 1.18 [0.84; 1.66], p=0.338. In addition, 
female sex was associated with reduced physical function OR 1.44 
[1.10; 1.89], p=0.008, and musculoskeletal pain OR 1.25 [1.03; 1.52], 
p=0.026. Being physically active was associated with reduced physical 
function OR 0.25 [0.19; 0.35], p<0.001.
Conclusion: Reduced physical function and musculoskeletal pain in 
60-70 years old persons was more frequent reported by those with 
DM vs those with non-DM. When analyses were adjusted for con-
founders, DM had a crucial negative impact on physical function, 
whereas DM per se was not associated with musculoskeletal pain in 
persons who were close to retirement age.
Disclosure: S. Molsted: None.

382
Fracture patterns in type 1 diabetes and their associated risk 
factors: a retrospective cohort study
N.H. Rasmussen1, J.H.M.  Driessen2, A. Vestergaard  Kvist1, M. 
 Brodersen1, L. Rosengren  Kaldahl1, I.  Leegaard1, P.C.  Souverein3, 
J. van den  Bergh4, P.  Vestergaard1;
1Steno Diabetes Center North Jutland, Aalborg University hospital, 
Aalborg, Denmark, 2Department of Clinical Pharmacy and Toxicol-
ogy, Maastricht University, Maastricht, Netherlands, 3Division of 
Pharmacoepidemiology & Clinical Pharmacology, Utrecht Univer-
sity, Utrecht, Netherlands, 4School for Nutrition and Translational 
Research in Metabolism (NUTRIM), Maastricht University, Maas-
tricht, Netherlands.

Background and aims: People with type 1 diabetes (T1DM) have a 
higher fracture risk at several sites compared to the general popula-
tion. Therefore, we assessed the hazard ratios (HR) of various fracture 
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sites and determined the related risk factors among people with newly 
diagnosed T1DM.
Materials and methods: All people from the UK Clinical Practice 
Research Datalink GOLD (1987-2017), above 20 years of age with a 
T1DM diagnosis code (n=3,281) and a new insulin prescription, were 
included and matched by sex and age to controls without diabetes 
(n=3,281). Cox regression was used to estimate HRs of any, major osteo-
porotic fracturs (MOFs) and peripheral fractures (arms and lower-legs) 
for people with T1DM compared to controls. The analyses were adjusted 
for sex, age, diabetic complications, medication (glucocorticoids, anti-
depressants, anxiolytics, bone medication, anti-convulsivae), Charlson 
comorbidity score, hypoglycemia, falls and alcohol. T1DM was further 
stratified by diabetes duration and presence of diabetic microvascular 
complications (retinopathy, nephropathy, and neuropathy).
Results:  HRs were  increased wi th  T1DM for  any 
(HR:1.43,CI95%:1.17-1.74), MOF (HR:1.46,CI95%:1.04-2.05), arm 
(HR:1.19,CI95%:0.82-1.74), and lower-leg (HR:1.37,CI95%:1.01-1.85) 
fractures compared with controls. Risk factors were previous fractures 
and falls (including lower-legs and ams). Furthermore, the fracture risk 
increased as the number of complications increased in T1DM (0-com-
plications: HR:1.45,CI95%:1.19-1.77, 1-complication: HR:1.58, 
CI95%:1.22-2.04 and ≥2-complications: HR:1.62,CI95%:1.13-2.33). 
Similar results were seen for MOFs (HR:2.02,CI95%:1.35-3.03), 
arms (HR:1.33,CI95%:1.16-2.48) and lower-leg fractures 
(HR:1.56,CI95%:0.97-2.50). With longer diabetes duration, the risk 
of any fracture decreased comparing T1DM with controls (0-4years: 
HR:1.52,CI95%:1.23-1.87. 5-9years: HR:1.30,CI95%:0.99-1.71. 
<10years: HR:1.07,CI95%:0.74-1.55). The ranked initial risk (0-4 years) 
was MOFs (HR:1.59,CI95%:1.10-2.30), arm (HR:1.54,CI95%:1.12-2.11) 
and lower-leg fractures (HR:1.18,CI95%:0.78-1.78).
Conclusion: The HRs of any fractures were increased with T1DM 
compared to controls and associated with common risk factors. The 
presence of micro-vascular complications increased the risk of frac-
tures but also at peripheral sites. The findings indicated a higher frac-
ture risk at the onset of T1DM but a decrease with longer duration.
Disclosure: N.H. Rasmussen: None.

383
Nephropathy in south Asians with diabetes compared to Europe-
ans: higher risk and faster progression. Results from The HinDu 
The Hague Diabetes Study
P.H.L. Duijvestijn1, J. van  Niel1,2, N.A.  Traa3, J.M.  Kist3, M.E. 
 Numans3, R.C.  Vos3;
1Haaglanden Medisch Centrum, The Hague, Netherlands, 2Public 
Health and Primary Care, Leiden University Medical Center/LUMC-
campus, Leiden, Netherlands, 3Public Health and Primary Care, Leiden 
University Medical Center/LUMC-campus, The Hague, Netherlands.

Background and aims: In 2002 Chandie Shaw showed that, in the 
Dutch dialysis population, diabetic nephropathy (DN) was the leading 
cause for end stage renal disease. South Asian (SA) people showed a 
38x higher risk than native Dutch, not explained by the higher preva-
lence of diabetes in SA’s. There is still no consensus if the progres-
sion of DN is different between ethnic groups. Therefore, we studied 
characteristics of our South Asian- and native Dutch patients who did 
not develop albuminuria, those who had persistent microalbuminuria 
during follow-up and progressors to macroalbuminuria in our cohort 
of people with diabetes.
Materials and methods: All 3831 adults with type 2 diabetes, 1358 
SA Hindostani and 2473 native Dutch patients, treated in our diabetes 
clinic between 2006-2017 were included. Data on age of diagnosis, 
smoking habits (never, ever, still), micro- and macrovascular com-
plications were extracted from the electronic medical records. Since 
other causes than diabetes is often prevalent in type 2 diabetes, we 

created 3 groups: 1) no albuminuria, 2) persistent microalbuminuria 
and 3) progressors from micro- to macroalbuminuria during follow-
up. Microalbuminuria was defined as albumin/creat ratio >2.5 mg/
mmol for women and >3 for men. Macroalbuminuria was defined as 
A/C ratio >36mg/mmol for women and >40 for men. Descriptive 
statistics, Cox regression analysis and hazard ratios were performed 
for progressors, with diabetes duration until progression as outcome 
and ethnicity as determinant, adjusted for hypertension, severe retin-
opathy and smoking.
Results: see Table 1. SA’s in all groups are 10 years younger, have 
more often severe retinopathy and nephropathy and, if present, sig-
nificantly more often and 3 years earlier progress to macroalbuminu-
ria than native Dutch.
Conclusion: SA’s have a greater risk to develop nephropathy and, if 
present, progression to macroalbuminuria occurs significantly more 
often and 3 years earlier than in native Dutch.

Disclosure: P.H.L. Duijvestijn: None.

384
Trajectories of cognitive decline in Chinese middle-aged and 
older adults with diabetes: a nationally representative longitu-
dinal study
S. Chen;
Institute for Disaster Management and Reconstruction of Sichuan 
University and Hong Kong Polytechnic, Chengdu, China.

Background and aims: Diabetes is associated with the decline of 
cognitive function. Exploring different trajectories of cognitive func-
tion that occur in people with diabetes is important for better progno-
sis. This study aimed to investigate differential patterns of trajectories 
of cognitive function and baseline determinants of trajectory group 
membership utilizing data from a nationally representative longitu-
dinal study among Chinese middle-aged and older adults.
Materials and methods: Participants aged 45 years and above from 
CHARLS received biannual mental intactness, episodic memory 
and overall cognitive function assessments from 2011 to 2018. A 
group-based trajectory model was used to estimate cognitive func-
tion trajectories of CHARLS participants with diabetes and baseline 
factors associated with trajectory group membership were explored 
with multinomial logistic regression.
Results: Data from 1,463 participants aged 45 years and above at 
baseline with diabetes were analyzed, a three-group model showed 
the best fit for overall cognitive function : low baseline, linear declining 
(20.5%); moderate baseline, linear declining (37.6%) and high-stable 
(41.9%). Females, rural residents, older participants, those with low 
education, people who without daytime napping habits, with low intel-
lectual activities scores, with restrictions in daily living (ADL) and 
with depressive symptoms were at a higher risk of unfavorable cog-
nitive function trajectories. Furthermore, CHARLS participants with 
diabetes who with depressive symptoms, with nighttime sleep <6 h, 
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without daytime napping habits, lower levels of intellectual activities 
were more likely to be included in the unfavorable mental intactness 
trajectories, and lower levels of social activities and with restrictions in 
ADL were at a higher risk of unfavorable episodic memory trajectories.
Conclusion: We identified heterogeneous trajectories of cognitive 
function among Chinese middle-aged and older adults with diabetes. 
Socially disadvantaged groups were at a higher risk for unfavorable 
trajectories. Time of sleep, intellectual/social activity, restriction on 
ADL and depressive have different effects on mental intactness and 
episodic memory.
Supported by: the Fundamental Research Funds for the Central 
Universities
Disclosure: S. Chen: None.

385
Psychometric properties and implementation of seven PROMIS 
computerised adaptive tests in people with type 2 diabetes
F. Rutters, L. Groeneveld, P. Elders, M. Blom, J. Beulens, C. Terwee;
VU University Medical Center, Amsterdam, Netherlands.

Background and aims: By using computerized adaptive tests 
(CATs), patient reported outcome measures (PROMs) are adapted 
to the patient, generally resulting less items and more relevant ques-
tions. We aimed to assess psychometric properties and implementa-
tion potential of seven PROMIS CATs in people with type 2 diabetes 
(T2D).
Materials and methods: First, people with T2D completed seven 
PROMIS CATs (assessing 1) Physical Function, 2) Pain Interference, 
3) Fatigue, 4) Sleep Disturbance, 5) Anxiety, 6) Depression, and 7) 
Ability to Participate in Social Roles and Activities), and commonly 
used PROMs measuring similar constructs. After two weeks and six 
months patients completed the seven CATs measures again, together 
with seven Global Rating Scales on perceived change on each of the 
PROMIS domains. Construct validity (the extent to which your PROM 
accurately assesses what it’s supposed to measure) was assessed using 
Pearson’s correlations. For each PROMIS domain test-retest reliability 
was assessed (the extent to which a PROM produces similar results 
over time) by the intra-class correlation coefficient (ICC), standard 
error of measurement (SEM) and minimal detectable change (MDC). 
Responsiveness (the ability of the PROM tool to detect a change 
in persons condition) was assessed by correlations between change 
scores on the PROMIS CAT and the Global Rating Scales. Finally, 
implementation potential was assessed through focus groups and inter-
views in health care providers and people with diabetes.
Results: To assess the psychometric properties, 314 people with T2D (age 
64.0 ± 10.8y, 63.7% men, HbA1c level 53.6 ± 11.2 mmol/mol) completed 
the baseline visit, of whom 282 completed the 2-week and 279 com-
pleted the 6-month measurement. Except for Fatigue, all PROMIS CAT 
domains demonstrated evidence for sufficient construct validity (≥75% 
of the results were in accordance with the a priori formulated hypotheses 
on the expected correlations between CAT and other PROMs based on 
literature and expert judgement). All seven PROMIS CATs showed suf-
ficient test-retest reliability (ICC ≥ 0.70) and the SEM and MDC ranged 
from 2.1 to 2.7 and from 5.7 to 7.4, which indicates that small changes can 
be distinguished from measurement errors with 95% confidence. Results 
on responsiveness will be presented at the conference. During the focus 
groups and interviews participants agreed that CATs could serve as a 
conversation starter in routine care, but CATs should never replace per-
sonal consultation with the doctor. If implemented, participants would be 
willing to spend 15 minutes to complete the CATs.
Conclusion: The PROMIS CATs showed sufficient construct validity 
and test-retest reliability in most domains in people with T2D. They 
are well accepted to be used in routine care to identify relevant topics, 
but should not replace personal contact with the doctor.

Supported by: EFSD/Sanofi European Pilot Research Grant
Disclosure: F. Rutters: Other; Editor diabetologia.
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The association of dietary total, animal, and plant-based protein 
intake with depressive symptoms in Dutch adults with type 2 dia-
betes: the Hoorn Diabetes Care System cohort
S.H.M. Kremers, M.M. Migchelbrink, N.R. den Braver, L. Groen-
eveld, P.J.M. Elders, M.T. Blom, J.W.J. Beulens, F. Rutters;
Amsterdam UMC location Vrije Universiteit Amsterdam, Amsterdam, 
Netherlands.

Background and aims: This study aimed to investigate the cross-
sectional associations of protein intake (total, animal, plant-based) 
with depressive symptoms in people with type 2 diabetes (T2D).
Materials and methods: We included 1137 individuals with T2D 
(aged 68.6 ± 9.0 years, 36% women) from the Hoorn Diabetes Care 
System cohort. Energy-adjusted protein intake was assessed using a 
validated Food Frequency Questionnaire. The nine-item Patient Health 
Questionnaire (PHQ-9) was used to assess the prevalence of depres-
sive symptoms (PHQ-9 ≥10 and/or use of anti-depressant medication) 
and depressive symptom severity (continuous PHQ-9 total score). 
Associations of quartiles of total, animal, and plant-based protein with 
depressive symptoms were analyzed using multiple logistic regres-
sion (prevalence) and linear regression (severity), adjusted for total 
energy intake and demographic, health-related, and lifestyle-related 
covariates.
Results: Of 1137 included participants, 143 participants reported hav-
ing depressive symptoms (12.6%). Highest intake of total-, animal-, and 
plant-based protein was not significantly associated with prevalence of 
depressive symptoms, compared to lowest intake in the fully adjusted 
models (e.g., total protein,  ORQ4vsQ1: 0.75, 95%CI 0.42; 1.32, p-for-
trend= 0.21). For depressive symptom severity, highest total protein 
intake was significantly associated with a 1.13 times lower PHQ-9 total 
score  (ORQ4vsQ1: 0.87, 95%CI 0.75; 1.00), compared to lowest intake in 
the fully adjusted model (p-for-trend= 0.05). Energy-adjusted animal 
and plant-based protein intake were not significantly associated with 
depressive symptom severity.
Conclusion: In people with T2D, higher total protein intake was 
associated with reduced depressive symptom severity, but not 
with the prevalence of depressive symptoms. Further prospec-
tive research with a larger sample size is needed to confirm these 
associations.
Disclosure: S.H.M. Kremers: None.

387
Autonomic Nervous System (ANS) controls glucose regulation 
in type 2 diabetes by homeostasis: a randomised controlled trial 
using pain sensitivity as a measure of ANS
J. Faber1, S.  Ballegaard1, N.  Oersted1, E.  Eldrup1, B.  Karpatschof2, 
F.  Gyntelberg3, S.K.  Hecquet1, B.  Bibby4, A.  Gjedde5;
1Copenhagen University, Medical department, Herlev, Denmark, 
2Department of Psychology, Copenhagen University, Copenhagen OE, 
Denmark, 3National Research Center for the Working Environment, 
Copenhagen OE, Denmark, 4Department of Biostatistics, Aarhus Uni-
versity, Aarhus, Denmark, 5Department of Neuroscience, Copenhagen 
University, Copenhagen N, Denmark.

Background and aims: The autonomic nervous system (ANS) con-
trols many bodily functions, including glucose regulation, but the clini-
cal importance of this is unknown. Dysfunction of the ANS (ANSD) 
disrupts glucose regulation. Pressure pain sensitivity (PPS) of the 
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sternum is related to ANS function. An intervention aiming at reduc-
ing ANSD, based on repeated measurements of PPS at home, daily 
neuromodulation by sensory nerve stimulation and ongoing profes-
sional surveillance, reduces HbA1c in persons with Type 2 diabetes 
(T2D) and with correlation to reduction in PPS. We test the hypothesis 
that the effect of ANS function on glucose regulation is a homeostatic 
effect, i.e., the higher the baseline glucose levels, the greater the reduc-
tion when ANSD is reversed measured as reversal of an elevated PPS.
Materials and methods: In a single center randomized controlled 
trial (RCT) we randomized 144 individuals with T2D and elevated 
PPS from general practice into 6 months of PPS-guided intervention 
or control (1:1), distributing the participants into 3 predefined groups 
based on baseline HbA1c: <53 mmol/mol, between 53 and 63, and 
between 64 and 75, and used per protocol analysis. Among all partici-
pants, two groups were predefined: PPS reverters who experienced a 
minimum reduction of 15 units of PPS, and PPS non-reverters with 
no such reduction. We first tested the hypothesis in the conventional 
treatment group (controls) (n=60), that this treatment alone demon-
strated an association between baseline HbA1c and the change of 
HbA1c over 6 months, depending on reductions in PPS. Depending 
on the result, we then tested the same association in the PPS-guided 
intervention group (n=52).
Results: In the conventional treatment group, only the PPS revert-
ers demonstrated a reduction in HbA1c, which was the greater the 
higher the baseline HbA1c, thus approving the hypothesis. In the 
second analysis these findings were repeated. When compared to PPS 
non-reverters the average degree of reduction of HbA1c among PPS 
reverters was 0.62 mmol/mol per one mmol/mol increase in baseline 
HbA1c (P<0.0001.). For baseline HbA1c ≥ 64 mmol/mol, reverters 
averaged a 22% reduction of HbA1c (P<0.01). The likelihood of 
becoming a PPS reverter was 5 times higher in the active RCT group 
when compared to the control group (P= 0.0001).
Conclusion: The higher the baseline HbA1c, the greater the reduc-
tion in HbA1c was seen, but only in individuals demonstrating 
a concomitant reduction of an elevated pressure pain sensitivity 
(PPS). As such the ANS controls glucose by a homeostatic mecha-
nism, and alleviation of ANSD, as measured by PPS, is crucial for 
obtaining well-regulated glucose metabolism in T2D. The present 
non-pharmacological intervention reduces an elevated PPS and 
ANSD. These observations may be of great clinical importance.
Clinical Trial Registration Number: NCT 03576430
Supported by: Johan Schrøders Erhvervs og Familiefond fund, and 
Innovation Fund Denmark (Grant Reg. No: 8062-00554B).
Disclosure: J. Faber: None.

SO 11 Obesity and prediabetes

388
Trends in drugs for diabetes and obesity 2004-2021 in Norway
P.L.D. Ruiz1,2, K. Nøkleby3, Ø.  Karlstad1, H.L.  Gulseth4, K. 
 Sveen5, E.  Qvigstad5,6, K.  Furu1,7;
1Department of Chronic Diseases, Norwegian Institute of Public 
Health, Oslo, Norway, 2Institute of Community Health and Global 
Medicine, University of Oslo, Oslo, Norway, 3Department of General 
Practice, University of Oslo, Oslo, Norway, 4Division of Mental and 
Physical Health, Norwegian Institute of Public Health, Oslo, Norway, 
5Department of Endocrinology, Morbid Obesity and Preventive Medi-
cine, Oslo University Hospital, Oslo, Norway, 6Institute of Clinical 
Medicine, University of Oslo, Oslo, Norway, 7Centre for Fertility and 
Health, Norwegian Institute of Public Health, Oslo, Norway.

Background and aims: Obesity is a major and growing public 
health problem. Safety concerns and reimbursement practices 
have restricted the use of anti-obesity drugs. New indications for 
the modern glucose-lowering drugs may change pharmacological 
treatment of obesity. We aimed to study time trends in use of anti-
obesity drugs in Norway 2004-2021.
Materials and methods: In a register-based cohort study including 
the entire adult Norwegian population we used data on all dispensed 
anti-obesity drugs from the Norwegian Prescription Database from 
2004 to 2021. Users per 1000 inhabitants of available anti-obesity 
drugs (sibutramine, orlistat, rimonabant, bupropion-naltrexone and 
GLP-1 RAs liraglutide (obesity indication) and semaglutide [with-
out reimbursement]) in the age-groups 20 to 79 years.
Results: Prevalence of anti-obesity drugs in Norway since 2004 
are shown in figure 1A. A decrease was observed from 2009 
after removal of sibutramine and rimonabant from the market 
and an increase again after the approval of bupropion-naltrexone 
and liraglutide in 2017. Use of orlistat decreased since 2004. In 
2021, 6.2 users per 1000 individuals (74% women) filled at least 
one prescription for bupropion-naltrexone. The GLP-1 analogues 
liraglutide and semaglutide used for obesity treatment had 3.9 
users per 1000 individuals (74% women) and 2.2 users per 1000 
inhabitants (76% women) respectively. Semaglutide was used 
off-label without reimbursement (not for individuals with dia-
betes). In 2021 bupropion-naltrexone and liraglutide had an age 
and sex gradient with a predominance in women and in the age-
groups 40-49 and 50-59 years (figure 1B).
Conclusion: Use of anti-obesity drugs in Norway have increased 
steeply in recent years, especially in middle-aged women. Use of 
glucose-lowering drugs for weight reduction may impact future 
diabetes incidence and prevalence.

Disclosure: P.L.D. Ruiz: Other; Paz LD Ruiz reports participation in 
research project funded by LEO Pharma, a regulator-mandated phase 
IV study, with funds paid to her institution (no personal fees) and no 
relation to reported work.
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The effect of breastfeeding on weight and the risk of prediabetes 
and type 2 diabetes one year after birth in women with gestational 
diabetes
U. Kampmann1,2, S.  Prange1, L.L.  Knudsen1, C.  Wolff3, L.R. 
 Madsen4, L.S.  Mortensen5, H.H.  Thomsen6, L. Sørensen7, J. 
 Fuglsang3, P.G.  Ovesen3, S.K.  Johnsen1;
1Steno Diabetes Center Aarhus, Aarhus University Hospital, Aarhus N, 
Denmark, 2Department of Clinical Medicine, Aarhus University, Den-
mark, 3Department of Obstetrics and Gynecology, Aarhus University 
Hospital, Aarhus N, Denmark, 4Department of Internal Medicine, Gød-
strup Hospital, Herning, Denmark, 5Department of Internal Medicine, 
Horsens Regional Hospital, Horsens, Denmark, 6Department of Internal 
Medicine, Viborg Regional Hospital, Viborg, Denmark, 7Department 
of Internal Medicine, Randers Regional Hospital, Randers, Denmark.

Background and aims: Gestational diabetes mellitus (GDM) is asso-
ciated with a substantial risk of developing type 2 diabetes mellitus 
(T2DM) later in life. Consequently, it is crucial to identify modifiable 
risk factors for the prevention of T2DM following GDM. Breastfeeding 
has been shown to have favorable effects on glucose metabolism and 
insulin sensitivity, and may reduce the risk of developing T2DM fol-
lowing GDM. No previous studies have focused on the effect of breast-
feeding on both weight and the risk of developing prediabetes (pDM) 
or T2DM. Therefore, the aim of this study was to evaluate whether high 
intensity breastfeeding (HIBF) affects post-partum weight dynamics 
and the risk of developing pDM or T2DM in women with GDM within 
one year postpartum.
Materials and methods: Data derives from a cohort study 
consisting of data collected (April 2019 - January 2023) from 
a postpartum follow-up programme for women with GDM at 
Steno Diabetes Center Aarhus, Denmark. The study population 
consisted of 435 women with GDM who donated blood samples 
and answered a questionnaire regarding breastfeeding status one 
year after birth. The women were divided into two groups, high 
intensity breastfeeding (HIBF) (full breastfeeding ≥ 4 months) and 
non-high intensity breastfeeding (NON-HIBF) (full breastfeeding 
< 4 months).
Results: Of the 435 women included in the study, 37 % were in 
the NON-HIBF group and 63% were in the HIBF group. A total of 
18% of women had developed pDM, 1 % had developed T2DM, and 
46% did not return to their pre-pregnancy weight one year postpar-
tum. Women who breastfed full-time for at least four months had 
higher ORs for pDM and T2DM compared to women who breastfed 
less; OR=1,38 (95%CI 0.73 ; 2.59), OR=1.39 (95%CI 0.06 ; 28.76), 
respectively. Women who breastfed full-time had a lower OR for 
failing to obtain pre-pregnancy weight compared to women who 
breastfed less; OR=0.70 (95%CI 0.42; 1.17). Neither of the findings 
were however statistically significant. Insulin resistance assessed by 
Homeostatic model assessment insulin resistance (HOMA-IR) was 
lower in the HIBF group compared to the NON-HIBF group, but not 
significantly (2.99±0.39 vs. 3.21±0.80; p=0.1), while HOMA of 
Beta-cell function was significantly lower in the HIBF group com-
pared to the NON-HIBF group (119.16±51.39 vs.143.18±85.75; 
p=0.04).
Conclusion: The study findings do not support that breastfeeding 
has a protective effect against developing prediabetes and type 2 
diabetes one year after birth in women with GDM. Breastfeed-
ing seems to ameliorate insulin sensitivity and may improve the 
probability of returning to pre-pregnancy weight within the first 
year post partum. It could however be speculated, that 4 months 
of breastfeeding is too short to prevent diabetic states and greater 
weight loss post-partum.
Disclosure: U. Kampmann: None.

390
Effect of early versus late time-restricted eating on inter-day gly-
caemic variability, measured by continuous glucose monitoring, 
in adults at risk for type 2 diabetes
A.H. Heald1, J.J. Warner-Levy2, K.A.B.  Davies3;
1Endocrinology & Diabetes, Salford Royal Hospital, Salford, UK, 
2The University of Manchester, Manchester, UK, 3Institue of Sport, 
Manchester Metropolitan University, Manchester, UK.

Background and aims: Investigate the acute (3-day) effect of time-
restricted eating (TRE) in early (ETRE; 8:00-16:00 hrs) versus late 
(LTRE; 12:00-20:00 hrs) conditions on inter-day glycaemic variabil-
ity (GV) in adults at risk for type 2 diabetes.
Materials and methods: Eight sedentary individuals (5F/3M; 51±6 
years; BMI 28.0±2.9 m/kg2; HbA1c 37.9±3.3 mmol/mol) with a habitual 
food intake distribution >14 hrs/day, participated in a randomised crosso-
ver study. We compared ETRE versus LTRE and unrestricted (non-TRE) 
versus TRE periods; each phase was 3-days. TRE conditions were iso-
caloric and eucaloric, energy intake was calculated using Mifflin-St Jeor 
equation and the provided meals consisted of 50% carbohydrates, 30% 
fat and 20% protein. Continuous glucose monitoring was used to assess 
markers of GV, including mean absolute glucose (MAG), coefficient of 
variation (CV), and mean amplitude of glucose excursions (MAGE). A 
repeated measures analysis of variance was used (2 conditions [ETRE vs 
LTRE] x 2 time-points [non-TRE vs TRE]) for statistical testing.
Results: TRE significantly reduced MAG by 0.9 mmol/l (95% CI 0.4 
to 1.5; P=0.01), CV by 2.9% (95% CI 1.2 to 4.6; P=0.01) and MAGE 
by 0.4 mmol/l (95% CI 0.09 to 0.8; P=0.02). No significant effect of 
condition (ETRE vs LTRE) was observed (P>0.05). Overall calorie 
intake was not different throughout (P>0.05).
Conclusion: TRE improved inter-day GV, in the absence of calorie 
restriction. This data indicates a possible therapeutic role of TRE in 
adults at risk for type 2 diabetes. Our ongoing work seeks to further 
understand post-prandial glucose AUC and delineate any potential 
difference in ETRE versus LTRE.
Disclosure: A.H. Heald: None.

391
Effects of TM6SF2 rs58542926 polymorphism on liver triglycer-
ides and insulin resistance in early type 2 diabetes
K. Bódis1, M.  Bombrich1, M. Schön1, B.  Knebel1, O.-P.  Zaharia1, G. 
Bönhof1, Y.  Kupriyanova1, J.  Kotzka1, R.  Guthoff2, V. Schrauwen-
Hinderling1, H. Al-Hasani1, J.  Szendroedi1, R.  Wagner1, D.  Markgraf1, 
M.  Roden1;
1Deutsches Diabetes Zentrum, Düsseldorf, Germany, 2Department of 
Ophthalmology, Faculty of Medicine and University Hospital Düs-
seldorf, Düsseldorf, Germany.

Background and aims: The single nucleotide polymorphism (TM6S-
F2EK; rs58542926) in the transmembrane 6 superfamily member 2 gene 
has been associated with nonalcoholic fatty liver disease (NAFLD), but 
lower cardiovascular risk. Increased hepatocellular lipid content (HCL) 
relates to insulin resistance, risk of type 2 diabetes and related compli-
cations. This case-control study tested the role of this polymorphism 
for tissue-specific insulin sensitivity during early course of diabetes.
Materials and methods: Male adults with recent-onset type 2 diabetes 
with  (TM6SF2EK: n=16) or without  (TM6SF2EE: n=16) the heterozy-
gous TM6SF2 polymorphism of similar age and BMI, underwent Bot-
nia clamps with [6,6-2H2]glucose to measure whole-body, hepatic and 
adipose tissue insulin sensitivity. HCL was assessed with 1H magnetic 
resonance spectroscopy. Liver fibrosis was measured by non-invasive 
tests (fibrosis-4, AST/platelet, AST/ALT index). A subgroup of carriers 
and non-carriers (n=24) was re-evaluated after 5 years.
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Results: While HCL was 2-fold (p<0.05) and whole-body insulin sen-
sitivity 27% higher in  TM6SF2EK (p<0.01), hepatic and adipose tissue 
insulin sensitivity were similar between carriers and non-carriers. Five 
years after diabetes diagnosis, HCL and whole-body insulin sensitiv-
ity were similar between groups, but adipose tissue insulin sensitiv-
ity decreased by 87% and 55% within both groups (both p<0.01) and 
circulating triacylglycerol increased in  TM6SF2EE only (p<0.05). Of 
note, liver fibrosis indices were similar at baseline and 5-year follow up.
Conclusion: The TM6SF2 polymorphism rs58542926 dissociates 
liver steatosis from hepatic as well as from skeletal muscle and adi-
pose tissue insulin resistance in recent-onset type 2 diabetes. This 
difference disappears with duration of diabetes, suggesting that dia-
betes presence could dominate over the TM6SF2 gene polymorphism 
during NAFLD progression.
Clinical Trial Registration Number: NCT01055093
Supported by: BMG, MKW NRW, BMBF, EFRE-0400191, DFG; CRC/
SFB 1116/2 B12; RTG/GRK 2576 vivid, Project 3, Schmutzler Stiftung
Disclosure: K. Bódis: None.

392
Saliva dyslipidaemia in young type 1 diabetes patients
M. Haupt-Jorgensen1, K.  Pedersen1, N.  Tom2, M.  Bilgin2, A.M.L. 
 Pedersen3;
1Department of Pathology, The Bartholin Institute, Rigshospitalet, 
Copenhagen, Denmark, 2Lipidomics Core Facility, Danish Cancer 
Society Research Center, Copenhagen, Denmark, 3Department of 
Odontology, Section for Oral Biology and Immunopathology, Oral 
Medicine and Pathology, University of Copenhagen, Copenhagen, 
Denmark.

Background and aims: Type 1 diabetes (T1D) is associated with 
dyslipidemia. We observed marked dyslipidemia in the intestinal 
mucus layer of prediabetic non-obese diabetes mice, potentially add-
ing to the intestinal mucosal barrier dysfunction in T1D. A com-
promised mucosal barrier may lead to increased leakage of luminal 
factors (enterovirus, lipopolysaccharide, lipids) to the pancreatic 
islets, possibly contributing to inflammation, beta-cell stress and 
autoimmunity. Oral mucosal barrier dysfunction may contribute to 
the oral pathologies seen in T1D, including lymphocytic infiltration 
of salivary glands. This study aimed to elucidate the lipid profile in 
saliva from young T1D patients.
Materials and methods: Young (12-16 years of age) T1D patients 
(disease duration=1-13 years) and matched healthy controls without 
celiac disease underwent clinical and dental examination, as well as 
saliva sampling. Saliva homogenates were subjected to lipid extrac-
tion, spiked with internal standards, followed by direct infusion mass 
spectrometry (Orbitrap Fusion Tribrid).
Results: Saliva lipidomics showed alterations in the levels of multiple lipids 
of the young T1D patients (n=27) vs healthy controls (n=8), both for lipid 
classes and species. Alterations were most pronounced within the lipid cat-
egories sphingolipids, glycerophospholipids, and lysoglycerophospholipids. 
The levels of the sphingolipid classes hexosylceramide and sphingomyelin 
were decreased by 21.9% (p<0.05) and 11.7% (p<0.05) respectively, in T1D 
patients vs healthy controls. This was reflected by several of their species 
being decreased in the T1D patients vs controls, including hexosylceramide 
40:0;2 by 36.4% (p<0.01). T1D patients showed an increased level of the 
glycerophospholipid class alkyl-acylglycerophosphocholine by 45.6% 
(p<0.01) with the specie alkyl-acylglycerophosphocholine 32:0, among 
many other species, being upregulated by 88.5% (p<0.01). For lysoglyc-
erophospholipids, the lipid class level of lysoalkylphosphatidylcholine was 
present in T1D patients but not in any of the controls (p<0.001).
Conclusion: Young T1D patients showed altered saliva lipid pro-
files for especially sphingolipids, glycerophospholipids, and lyso-
glycerophospholipids. This may be related to the oral and intestinal 

mucosal barrier dysfunction observed in T1D patients. The discov-
eries could facilitate targeted interventions and used for biomarker 
purposes.
Supported by: Danish Dental Association Found
Disclosure: M. Haupt-Jorgensen: None.

393
Engineering of functionally active human myotubes and 
myobundles in vitro
S.I. Dreher1, P.  Grubba1, C. von  Toerne2, A.  Moruzzi3, J.  Maurer1, 
T.  Goj4, A.L.  Birkenfeld5, A.  Peter1, S.  Hauck2, P.  Loskill6, C. 
 Weigert1;
1Institute for Clinical Chemistry and Pathobiochemistry, Department for 
Diagnostic Laboratory Medicine, University Hospital Tübingen, Tuebin-
gen, Germany, 2Helmholtz Zentrum Munich, Metabolomics and Prot-
eomics Core, Neuherberg, Germany, 3NMI Natural and Medical Sciences 
Institute at the University of Tübingen, Reutlingen, Germany, 4German 
Center for Diabetes Research (DZD), Institute for Diabetes Research and 
Metabolic Diseases of the Helmholtz Zentrum München, Neuherberg, 
Germany, 5Institute for Diabetes Research and Metabolic Diseases of 
the Helmholtz Zentrum München, University of Tübingen, Tuebingen, 
Germany, 63R-Center for In vitro Models and Alternatives to Animal 
Testing, Eberhard Karls University Tübingen, Tuebingen, Germany.

Background and aims: Skeletal muscle mediates beneficial effects 
of exercise, thereby improving insulin sensitivity and reducing the 
risk for type 2 diabetes. Released myometabokines systemically affect 
organs relevant for glycemic control. Current skeletal-muscle-models 
in vitro are incapable of fully recapitulating its physiological func-
tions especially regarding exercise. Supplementation of IGF-1, a 
growth factor secreted by myofibers in vivo, might help to overcome 
these limitations. In this study we aimed to utilize IGF-1 to engineer 
a more physiological myotube and myobundle model from primary 
human skeletal muscle satellite cells in vitro.
Materials and methods: Primary human CD56-positive myoblasts 
were differentiated into myotubes in the presence/absence of IGF-1 
over the course of 10 days. Daily collected samples were analyzed 
by proteomics, qRT-PCR and myotube contractibility via electrical-
pulse-stimulation (EPS). Mitochondrial respiration and glucose 
uptake were measured. Myoblasts were also differentiated in colla-
gen-hydrogel-scaffolds generating myobundles.
Results: IGF-1-supported differentiation formed thicker multinucle-
ated myotubes showing physiological contraction upon EPS following 
day 6 while myotubes without IGF-1 were almost incapable of contrac-
tion. IGF-1-treatment upregulated proteins that contribute to striated-
muscle development/contraction, myofibril- and sarcomere-assembly 
and of subunits of the mitochondrial respiratory chain. Elevated 
PGC1a, MYH7 and reduced MYH1/2 suggest a switch towards oxida-
tive fibers in line with elevated mitochondrial respiration. Upregulated 
expression of GLUT4 and retained inducibility of the insulin-signaling 
cascade with increased insulin-dependent glucose uptake, after 48h of 
IGF-1 fasting, hinted towards an advanced model, better recapitulating 
physiological traits of skeletal muscle in vivo. Application of this novel 
differentiation protocol to 3D-culture allowed engineering of linearly 
aligned macroscopically contracting myobundles.
Conclusion: Utilizing IGF-1, we engineered human myotubes and 
3D-myobundles from primary human myoblasts that recapitulate 
the physiological traits of skeletal muscle in vivo vastly superior to 
established protocols. This novel model enables investigation of exer-
cise on a molecular level, drug screening and interorgan-crosstalk by 
transfer to organ-on-chip.
Supported by: Allgemeine Projektförderung der Deutschen Diabetes 
Gesellschaft (DDG) 2022
Disclosure: S.I. Dreher: None.
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Histone epigenetic signature and gestational diabetes: role of the 
acetyltransferase p300 in the transmission of the maternal phe-
notype to the offspring
N. Di Pietrantonio1, J. Sánchez-Ceinos2, L.  Pelusi1, P. Di  Tomo1, 
D.  Mandatori1, G.  Formoso3, T.  Bonfini4, I.  Cappellacci1, M.P.A. 
 Baldassarre3, C.  Pipino1, F.  Cosentino2, A.  Pandolfi1;
1Department of Medical, Oral and Biotechnological Sciences, Univer-
sity “G. d’Annunzio”, Chieti, Italy, 2Departement of Medicine Solna, 
Karolinska University Hospital, Stockholm, Sweden, 3Departement 
of Medicine and Aging Sciences, University “G. d’Annunzio”, Chi-
eti, Italy, 4Departement of Oncology Hematology, Pescara Hospital, 
Pescara, Italy.

Background and aims: Gestational diabetes (GD) is characterized 
by chronic hyperglycemia during pregnancy. GD women and their 
offspring are predisposed to atherosclerotic cardiovascular disease 
(ASCVD). Growing evidence shows that maternal GD may have an 
impact on the offspring epigenome, suggesting GD as an interesting 
model to elucidate molecular mechanisms possibly involved in the 
transmission of abnormal phenotypes to GD offspring. Therefore, 
we investigated the role of histone modifications, such as H3K27a-
cetylation and H3K4monomethylation, in the onset of inflammatory 
phenotype and whether they are transmitted to the offspring, focusing 
on the role of histone acetyltransferase p300.
Materials and methods: We employed peripheral blood mononuclear 
cells (PBMC) from GD and control women as well as human umbili-
cal vein endothelial cells (HUVEC) and cord blood mononuclear cells 
(CBMC) from newborn’s umbilical cords. H3K27ac and H3K4me1 
on a putative enhancer region of NF-κB p65 gene were assessed by 
Chromatin Immunoprecipitation, RT-qPCR and Luciferase assay. Pro-
tein expression of histone acetyltransferase p300 and NF-κB p65 were 
evaluated by flow-cytometry following p300 gene silencing.
Results: We found higher NF-κB p65 expression in HUVEC, PBMC 
and CBMC from GD women compared to controls. Most importantly, 
we detected increased levels of H3K4me1 and H3K27ac at a region 
proved to be a putative enhancer of NF-κB p65 in all GD cells. Addi-
tionally, protein expression of p300 was significantly higher in GD-
HUVEC compared to control cells and its gene silencing was able to 
significantly inhibit NF-κB p65 protein expression.
Conclusion: Our results suggest that a complex interplay of histone 
modifications may be responsible for the inflammation associated to 
chronic hyperglycemia and this provides the basis for demonstrating the 
transmission of these modifications to the offspring. Although further 
elucidations are needed, our results open towards new pharmacological 
reprogramming of adverse histone modifications to dampen early abnor-
mal phenotypes in GD offspring which may accelerate ASCVD burden.
Disclosure: N. Di Pietrantonio: None.

395
Differences in DNA methylation in genes involved in vitamin D 
metabolism are related with insulin requirement in pregnant 
women with gestational diabetes
N. Peña-Montero, T. Linares-Pineda, F. Lima-Rubio, A. Fernández 
Valero, A. Fernández Ramos, C. Gutiérrez Repiso, M. Suárez Arana, 
M. Picón César, M. Molina Vega, S. Morcillo Espina;
IBIMA, Málaga, Spain.

Background and aims: Vitamin D (VitD) deficiency is very common 
in pregnant women and has been associated with an increased risk of 
Gestational Diabetes Mellitus (GDM). We have recently observed in 

our cohort of pregnant women (EPIDG) an increase of VitD in the last 
trimester of pregnancy in women with GDM versus non-GDM (control 
group). These levels were found to be higher in women who followed 
pharmacological treatment with insulin (insulin group) versus those that 
did not require insulin therapy (lifestyle) remaining at postpartum and 
one year after birth. These differences were not associated with other 
vitD related variables such as annual season, VitD supplementation or 
exercise. We hypothesized that pharmacological treatment with insulin 
could be producing epigenetic modifications in genes involved in VitD 
metabolism. The aim of this study is to test whether the levels of DNA 
methylation in genes involved in VitD metabolism differs in the insulin 
group versus lifestyle group and control group throughout pregnancy.
Materials and methods: A total of 32 pregnant women were selected, 16 
with GDM and 16 non-GDM from the EPIDG cohort (NDDG criteria). 
Of the GDM group, 10 followed dietary recommendations (lifestyle group) 
and 6 required pharmacological treatment with insulin (insulin group).
Results: We obtained, through STRING database, 47 genes related 
with VitD metabolism. DNA methylation data of selected genes 
were extracted from the Illumina Methylation EPIC BeadChip array 
performed both at diagnosis (week 24-28; T0) and antenatal (week 
36-38; T1) visits. We obtained the beta values of the CpGs sites 
included in the EPIC Bead Cheap array from these 47 genes, carried 
out in our population study . A total of 1373 CpGs sites were found. R 
studio software version (4.0.4) was used for all statistical analysis. A 
Kruskal Wallis test at T1 identified 76 DMPs (p-value<0.05) among 
the three groups (control, insulin-treated and lifestyle). 27 of these 
DMPs were statistically different in the insulin group in compari-
son to control group and lifestyle group (post-hoc analysis by U de 
Mann Whitney test). Next, we checked by Kruskal-Wallis test which 
from these 27 DMPs were not different at diagnostic visit. Finally, a 
total of 22 CpGs sites were selected and an unsupervised hierarchi-
cal clustering with these CpGs showed two cluster well differenti-
ated. Cluster 1 contained, exclusively, the 6 patients from the insulin 
group whereas the cluster 2 consisted of pregnant women from both 
(control and lifestyle groups). Of the 22 DMPs, 5 CpGs showed a 
statistically significant association with the VitD levels before birth; 
the cg18276810 (CTNNB1)(r=0.373,p<0.05), cg03919554 (FGFR3)
(r=0.461,p<0.01) and cg03984919 (NCOA1)(r=0.369,p<0.05) 
were positively correlated, whereas the cg19218509 (ASIP)(r=-
0.382,p<0.05) and cg09922639 (SMAD3)(r=-0.512,p<0.01) showed 
a negative relationship. The cg18276810 was even positively asso-
ciated with the VitD levels at postpartum and one year after birth.
Conclusion: DNA methylation in genes related to VitD metabolism 
are different in the last trimester of pregnancy between the insulin 
group and lifestyle and control groups. These epigenetic changes 
could explain the different VitD levels observed previously in our 
population study.
Disclosure: N. Peña-Montero: None.

396
Placental microRNAs in pregestational diabetes: effects on off-
spring and functional study
C. Valverde Tercedor1, A.  Ibarra2, N. Perdomo  Ugarte1, V. Dávila 
 Batista1, Y. Novoa  Medina2, Y. García  Delgado2, L. Hernandez-
Baraza1, R. Jiménez Monzón1, M. Barreiro  Bautista1, A. González 
LLeó2, Y. Brito  Casillas1, B. Vega  Guedes2, A. Wägner2;
1Diabetes y Endocrinología Aplicada, Universidad de Las Palmas de 
Gran Canaria, Las Palmas de Gran Canaria, Spain, 2Department of Endo-
crinology and Nutrition. Complejo Hospitalario Universitario Insular 
Materno-Infantil de Gran Canaria, Las Palmas de Gran Canaria, Spain.

Background and aims: Pregestational diabetes is associated with 
an increased risk of obesity and diabetes in the offspring. Our aim 
was to study: 1) the correlation between placental miRNA expression 
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and offspring data at 6 years of age and 2) the impact of diabetes on 
miRNAs expression in an in vitro model.
Materials and methods: Women with diabetes, healthy mothers with 
a partner with type 1 diabetes (T1D) and healthy mothers with a partner 
without diabetes, who delivered between 2012-2016, participated. Pla-
centa samples (maternal and fetal sides) were collected, and miRNA19a-
3p, miRNA125b-5p and miRNA20a-5p were previously found to dis-
criminate mothers with T1D from controls. MiRNA19a-3p had better 
validation of expression (qPCR and quantile normalization) and was 
used to study the correlation with offspring data from 2019/20 (anthro-
pometric measurements, body composition, HbA1c, markers of insulin 
resistance). For the functional study, HTR8/SVneo trophoblast cells were 
used to test three conditions: control (5.5 mM glucose), T1D (25 mM 
glucose) and T2D (25 mM glucose and 100 μM palmitate). After 96 
h, total RNA was extracted with TRI-reagent and reverse transcription 
was performed with TaqMan® Advanced miRNA cDNA Synthesis Kit 
protocol. MiRNA20a-5p, miRNA125b-5p and miRNA19a-3p expres-
sions were detected by RT-qPCR using Taqman probes (miRNA191-5p 
as endogenous control) and ΔCt, ΔΔCt, and the relative quantification 
(RQ) were calculated. For each miRNA, the different conditions (control, 
T1D, T2D) were compared (Mann Whitney’s U and one way ANOVA).
Results: 167 women participated, 52 children were examined (mean 
age 72±10 months 46.2%girls) and 24 children of women (12 T1D, 8 
T2D,4 control) with placental miRNA expression results continued in 
the study and provided blood samples (20.8% with obesity and 61.1% 
high-risk HLA carriers). Correlation was found between mir19a-3pf 
and visfatin (r=-0.657, p=0.02), but no significant correlations were 
found with other markers or anthropometric variables. Functional 
study: Significant differences between conditions were found for RQ 
miRNA19a-3p, which showed lower expression in T1D-like (0.45 
[IC95%], p=0.0087) and T2D-like (0.80 [IC95%], p=0.0173) con-
ditions. Significant differences between conditions were found for 
RQ miRNA20a-5p, which showed lower expression in T1D than in 
control (0.54 [IC95%], p=0.0238).
Conclusion: Functional studies showed a significant effect of hyper-
glycaemia on miRNA19a-3p and miRNA20a-5p expression. The 
negative correlation of visfatin, a marker of visceral fat, with mir-
RNA19a-3f is consistent with the findings of the functional study 
since the expression of mirRNA19a-3 is lower in T2D-like than in 
the control.
Supported by: ISCIII (PI16/00587, partially funded by ERDF
Disclosure: C. Valverde Tercedor: None.

397
Epigenome wide association study identifies CpGs associated with 
the growth pattern in offspring from mothers with gestational 
diabetes
S. Morcillo Espina1,2, T. Linares-Pineda1,2, N. Peña-Montero1, F. 
Lima-Rubio1, A. Fernández-Valero1, A. Fernández-Ramos3, M. 
Suárez-Arana4, F.  Tinahones1,2, M. Picón1, M. Molina-Vega1;
1Endocrinology & Nutrition, Biomedical Research Institute of Malaga 
(IBIMA), Malaga, Spain, 2Centro de Investigación Biomédica en Red 
de la Fisiopatología de la Obesidad y la Nutrición, Madrid, Spain, 
3Departamento de Análisis Clínicos, Hospital Universitario Virgen 
de la Victoria, Malaga, Spain, 4Departamento de Obstetricia y Gine-
cología, Hospital Regional Universitario de Málaga, Malaga, Spain.

Background and aims: According to the DOHaD hypothesis and the 
theory of the first 1000 days, an adverse environment during the peri-
conceptional and/or intrauterine period confers a greater risk of devel-
oping metabolic diseases throughout life to offspring. In this regard, 
it is known that the offspring of women with gestational diabetes mel-
litus (GDM) have a higher risk of developing metabolic complications. 
Additionally, an adverse environment such as GDM can alter the fetus’s 

epigenome in the uterus. Aim: To identify epigenetic marks in infant 
saliva that differentiate between children of mothers with GDM and 
children of non-GDM mothers. Additionally, to determine whether 
these marks persist in the first year of life and whether are associated 
with the growth patterns of these children in the postpartum period 
and one year after birth.
Materials and methods: An epigenome wide association study 
(EWAS) from saliva samples was made in a total of 28 children 
from EPIDG cohort, 15 of whom were born from non-GDM 
women, and the other 13 from women with GDM. Saliva samples 
were taken two weeks after birth (T.2) and one year later (T.3).
Results: Differentially methylated positions (DMP) were obtained 
using limma package for R studio, adjusted by newborn sex, GDM 
treatment (diet or insulin), and maternal weight gain (P.val<0.01). 
A total of 5.132 DMPs were found in the postpartum period, 
and 6.960 DMPs at one year after birth. 50 of these DMPS were 
common in both points (T2 and T3). A correlation analysis with 
these 50 DMPs, showed that 5 CpGs were related with growth 
pattern variables in children both in the postpartum period and at 
one year later. The following CpGs were associated with the head 
circumference (HC) at both times: cg02349186 (p.valt.2=0.0021, 
p.valt3=0.024), cg10177795 (p.valt.2=0.0049, p.valt.3=0.014), 
cg10847603 (p.val t.2=0.008, p.val t.3=0.009), cg13146173 
(p.valt.2=0.022, p.valt.3=0.022), and cg17052441 (p.valt.2=0.0005, 
p.valt.3=0.0015). In addition, both birth weight and weight at 
one year of age correlated with cg10177795 (p.valt.2=0.014, 
p.valt.3=0.025), and cg17052441 (p.valt.2=0.008, p.valt.3=0.007).
Conclusion: We have found a differentiated pattern in saliva sam-
ples between children born to mothers who suffered GDM during 
pregnancy compared to children born from non-GDM mothers. 
Some of these DMPs persist at one year of age and are associated 
with variables related to the child’s growth pattern.
Supported by: ISCIII
Disclosure: S. Morcillo Espina: None.

398
Obesity associated epigenetic reprogramming of leptin 
enhancer elements in large adipocytes
N. Taege1,2, S.C.  Schriever3, C. Geißler1,2, H.  Kirchner1,2;
1Division Epigenetics and Metabolism, Institute of Human Genetics, 
University of Lübeck, Lübeck, Germany, 2Center of Brain, Behavior 
and Metabolism (CBBM), University of Lübeck, Lübeck, Germany, 
3Institute for Diabetes and Obesity, Research Unit Neurobiology of 
Diabetes, Helmholtz Zentrum München, Neuherberg, Germany.

Background and aims: Hypertrophy in adipose tissue contributes 
to the development of obesity and associated health risks. Obese 
individuals are frequently leptin resistant. Leptin sensitivity was 
restored by genetic and pharmacological reduction of leptin expres-
sion making it a promising therapeutic avenue for weight loss. 
However, the regulatory mechanism of leptin gene expression in 
dependence to the hypertrophic state of adipocytes is poorly under-
stood. Gene expression in obesity is influenced by the environment 
via epigenetic mechanisms such as DNA methylation. Therefore, 
we investigate how adipocyte size changes DNA methylation of 
distinct enhancer elements of the leptin gene in obese and lean mice 
and the effect on leptin gene expression.
Materials and methods: Epididymal adipose tissue was extracted from 
C57BL/6J mice fed either a high fat diet (60 kcal%) or chow diet for 10 
or 12 weeks. We analyzed leptin gene expression by qPCR and DNA 
methylation of three leptin gene enhancers by bisulfite-pyrosequencing 
in i) whole adipose tissue and ii) isolated total adipocytes. Methyla-
tion and expression were correlated using Pearson correlation. Next, 
we analyzed DNA methylation of the enhancers in isolated adipocytes 
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sorted by size (relative time-of-flight) using a COPAS FP500. Results 
were analyzed with a two-way ANOVA with post-hoc analysis or Stu-
dent’s t-test with a significance value of p<0.05.
Results: In whole epididymal adipose tissue of obese animals, leptin 
expression increases by 2.6-fold (p=0.01) and DNA methylation of all 
three measured leptin enhancers increases significantly by a minimum 
of 10 % (p<0.0001, n=8) compared to lean animals. In isolated adi-
pocytes, DNA methylation increases similarly with obesity (p<0.03, 
n=4-8). The DNA methylation correlates positively with leptin gene 
expression. In size sorted adipocytes of chow-fed, lean mice, DNA 
methylation is at least 8 % lower in large adipocytes compared to 
small adipocytes (p<0.02, n=7) with simultaneously increased rela-
tive number of large adipocytes (p=0.0007, n=8). However, no differ-
ence in DNA methylation and relative number was observed between 
large and small adipocytes in high fat diet-fed, obese mice (n=6).
Conclusion: We show that leptin gene expression correlates with 
methylation of three enhancer elements of the leptin gene indicating 
a putative novel mechanism of leptin gene regulation. In lean mice, 
DNA methylation at these elements depends on the size of the adi-
pocytes. However, in obese mice, the size-dependent methylation is 
abrogated thus suggesting an epigenetic reprogramming of adipocytes 
in hypertrophy and hyperplasia in obesity. The resulting putative dys-
regulation of leptin gene expression might lead to the observed over-
production of leptin in the epididymal adipose tissue of obese mice. 
These findings help to understand the nature of leptin dysregulation 
in obesity and might pave the way for future intervention strategies.
Supported by: DFG, DZD
Disclosure: N. Taege: Grants; Deutsche Forschungsgemeinschaft 
(DFG; GRK1957), Deutsches Zentrum für Diabetesforschung (DZD).

399
Is epigenetic editing a way to a more personalised treatment 
approach in type 2 diabetes?
S. Ruhrmann1, T. Rönn1, A.  Perfilyev1, J. Jönsson1, J.  Ofori1, L. 
 Scisciola2, S.  Barthel3, K.  Rockschies1, K.  Bacos1, M.  Rots3, C.  Ling1;
1Clinical Sciences Malmö, Lund University, Malmö, Sweden, 2Depart-
ment of Medical, Surgical, Neurologic, Metabolic and Aging Sciences, 
University of Campania "Luigi Vanvitelli", Naples, Italy, 3Pathology 
and Medical Biology, University of Groningen, Groningen, Netherlands.

Background and aims: The number of people affected by type 2 dia-
betes (T2D) is rapidly increasing worldwide. Surprisingly, common 
genetic variation only explains a modest proportion of the heritabil-
ity of T2D. Studies performed during the last decades have identified 
epigenetic alterations in tissues from individuals with T2D compared 
with controls. However, it is less well established if these epigenetic 
alterations cause T2D and whether they may be targeted for future 
therapies. We therefore sought to identify epigenetic changes that cause 
phenotypes characterizing T2D.
Materials and methods: We have published loci with differential 
DNA methylation in human pancreatic islets from individuals with 
T2D versus controls. Based on this knowledge we created targeted 
guide RNAs (gRNA) to identify causal epigenetic changes using the 
CRISPR-dCas9 system. Constructs carrying the gRNA or dCas9 and 
an epigenetic enzyme e.g. TET1 were delivered to (i) easy to transfect 
cell lines (e.g. HepG2) to test the epigenetic editing system and to (ii) 
EndoC-bH1 cells, which is an embryonic pancreatic beta-cell line, 
using standard transfection methods.
Results: Transfection efficiency with standard transfection methods was 
very low in EndoC-bH1 cells when compared to HepG2 cells. Analyses 
of DNA methylation data in HepG2 cells (n=6) detected lower DNA 
methylation with the largest difference being 10% at several different 
CpG positions within targeted gene regions in cells that had received 
gRNAs and TET1 when compared to cells that received only TET1 

(control cells). Measurement of gene expression (n=7) shows that there 
is a 5 fold higher expression of the targeted gene in cells that had received 
the gRNAs and TET1 when compared to control cells (p=0,02), cor-
responding to lower methylation levels at different CpG positions in the 
same cells as methylation is usually associated with gene silencing.
Conclusion: We could here clearly demonstrate successful epigenetic 
editing at targeted gene locus in an easy to transfect cell line, while 
transfection efficiency was much lower in the EndoC-bH1 cells.
Supported by: Novo Nordisk, Swedish Research Council, Kungl.
Fysiografiska Sällskapet i Lund, Sigurd and Elsa Goljes Minne, Lars 
Hiertas Foundation, Hjelt Foundation
Disclosure: S. Ruhrmann: None.

400
Establishment of beta cell heterogeneity via differential CpG 
methylation at Nnat
S.J. Millership1, V.  Yu1, F.  Yong1,2, A.  Marta1, K.  Chen1, E. 
 Georgiadou1, S.  Bhattacharya3, N.  Parveen4, S.  Khadayate5, Z. 
 Stamoulis1, Y.  Ali2,6, S.  Dhawan4, D.J.  Withers5,1, G.A.  Rutter7,1;
1Imperial College London, London, UK, 2Nanyang Technological 
University, Nanyang, Singapore, 3Integrative Genomics Core, City 
of Hope, Duarte, CA, USA, 4Arthur Riggs Diabetes and Metabolism 
Research Institute, Duarte, CA, USA, 5MRC London Institute of Medi-
cal Sciences, London, UK, 6Singapore General Hospital, Singapore, 
Singapore, 7University of Montréal, Montréal, QC, Canada.

Background and aims: Beta cells within the pancreatic islet represent 
a heterogenous population wherein individual sub-groups of cells make 
distinct contributions to the overall control of insulin secretion. This 
includes a subpopulation of ‘hub’ cells that can be defined in terms of 
their roles in coordinating islet-wide  Ca2+ dynamics. Importantly, func-
tional subpopulations have also been demonstrated in human beta cells, 
where antigenically-defined human beta cells (by CD9 and ST8SIA1) 
have been shown to have an altered subtype distribution in type 2 dia-
betes. However, the molecular mechanisms through which beta cell 
hierarchy is established remain poorly understood, and changes at the 
level of the epigenome provides one such possibility. Here we focus on 
neuronatin (Nnat), a gene that is imprinted in mice and humans and is 
required for normal insulin synthesis and secretion.
Materials and methods: We used a reporter mouse line expressing 
eGFP under the control of the Nnat promoter and upstream enhancers 
to facilitate FACS isolation of single primary islet cells for downstream 
analysis of CpG methylation at the Nnat locus (bisulphite sequencing) 
and transcriptomic analysis (RNA sequencing). We also use condi-
tional deletion of the de novo methyltransferase, DNMT3A from the 
pancreatic progenitor stage in mice as well as unbiased proteomics (via 
mass spectrometry), functional assays (insulin secretion) and functional 
imaging in intact live islets  (Ca2+ flux).
Results: We demonstrate that Nnat is differentially expressed in 
a discrete beta cell population in a developmental-stage and DNA 
methylation (DNMT3A)-dependent manner.  NNAT+ cells display a 
discrete transcriptome, and appear to represent a beta cell population 
specialised for insulin production. Correspondingly, highly connected 
‘hub’ cells were less abundant in the  NNAT+ population.
Conclusion: These findings demonstrate that differential DNA meth-
ylation at Nnat represents a novel means through which beta cell 
heterogeneity is established. Changes in methylation at this locus 
may thus contribute to a loss of heterogeneity, and defective insulin 
secretion, in some forms of diabetes.
Supported by: SJM: Wellcome Trust (WT), SfE; SD: NIH, Wanek FF, 
CofHope. DJW: WT, MRC. GAR: WT, MRC, Inn. Can., EU
Disclosure: S.J. Millership: Grants; G.A.R. has received grant 
funding from and is a consultant for Sun Pharmaceuticals Inc. Other 
authors declare no conflicts of interest.
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Large scale blood mitochondrial genome wide associations study 
provides novel insights into diabetes and mitochondrial disease 
related traits
S. Cannon1, T.  Hall1, G.  Hawkes1, K.  Colclough2, R.  Boggan3, C.F. 
 Wright1, S.  Pickett3, A.T.  Hattersley1, M.N.  Weedon1, K.A.  Patel1;
1University of Exeter, Exeter, UK, 2Exeter Genomics Laboratory, Exe-
ter, UK, 3Wellcome Trust Centre for Mitochondrial Research, Exeter, 
UK.

Background and aims: We aim to identify the impact of blood 
mitochondrial DNA variants (common, rare, and pathogenic) on 15 
commonly presenting mitochondrial disease-related phenotypes by 
performing large-scale mitochondrial genome-wide associations and 
rare-variant aggregation study of 179,862 individuals.
Materials and methods: We identified mitochondrial variants from 
blood whole genome sequencing data on 179,862 multi-ancestry indi-
viduals from UK Biobank. We used REGENIE to perform single and 
rare variant aggregation associations with 15 mitochondrial disease-
relevant phenotypes. Our Bonferroni corrected significance threshold 
was (p<4x10-7). Results were compared to a clinically referred patient 
cohort.
Results: We found 15,274 variants in 179,862 individuals after robust 
filtering. The variant m.3243A>G (MAF=0.0002), was associated 
with diabetes (OR=6[3-8], P<4x10-9), deafness (OR=12[10-15], 
P=6x10-13) and heart failure (OR=10[7-13], P<8x10-7). The asso-
ciation was stronger with higher heteroplasmy >10% (OR=25,55,39, 
respectively). Diabetes penetrance at age 50 was significantly lower 
(15%) than clinically selected probands (96%) and was further modi-
fied by nuclear T2D genetic risk. Other known pathogenic variants 
(n=5, MAC>20) showed no or minimal assortation with respective 
diseases suggesting lower penetrance. We found 9 homoplasmic vari-
ants associated with increased aspartate aminotransferase (AST) led 
by m.13488:T>C (MAF=0.0022). Variant aggregation testing did not 
identify any additional associations.
Conclusion: In this large study, very few mitochondrial variants 
reached genome wide significance. The known pathogenic variants 
showed lower penetrance in a population cohort. m.3243A>G was 
strongly associated with mitochondrial-related traits at higher hetero-
plasmy and modified by nuclear T2D genetic risk. Our results support 
the clinical reporting of incidental identification of m.3243A>G at 
high heteroplasmy.
Supported by: 219606/Z/19/Z WT105618MA
Disclosure: S. Cannon: None.
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Mapping the impact of high fat diet challenge in a HNF1A-MODY 
mouse model
S. Sharmine, T.A. Legøy, A.F. Mathisen, L. Ghila, S. Chera;
Department of Clinical Science, University of Bergen, Bergen, Norway.

Background and aims: The most common form of diabetes type 1 
and type 2 are complex diseases caused by multiple genetic and envi-
ronmental factors. Maturity Onset Diabetes of the Young (MODY), 
a monogenic disorder provides a window to study the underlying 
mechanism of the disease in a simpler form. A single gene mutation 
in the transcription factor hepatocyte nuclear factor 1 alpha coding 
Hnf1α gene (HNF1a), resulting in dysfunction of insulin production 
in β-cells causes MODY3 or HNF1A-MODY. This study aimed to 
assess the effects of High-fat diet on diabetic phenotype and islet 
architecture compared to Standard diet in the HNF1A-MODY dia-
betic and control mice.
Materials and methods: Eight weeks old wild-type (WT) and 
β-HNF1afl/fl mice were fed either (1) Standard diet with 10% AFE 
Fat (STD) or (2) High-fat diet with 60% AFE fat (HFD) for 10 weeks. 
Diabetic phenotypes were assessed by taking glycemia twice per 
week. Islet architecture was assessed by collecting, fixing, cryosec-
tioning, and immunostaining fresh frozen pancreatic tissues. Imaging 
was done with confocal microscopy and cells were counted manually 
using IMARIS image processing software. Data were analyzed using 
Prism 9 version 9.5.0 (GraphPad software). Statistical analysis was 
performed using Two-way ANOVA.
Results: HFD elevated blood glycemia of  HNF1afl/fl mice with the 
mutation restricted to insulin-producing beta-cells (β-HNF1afl/fl) as 
compared to STD-provided mice. Moreover, overall islets architec-
ture, including β-cells, was affected in  HNF1afl/fl mice exposed to both 
standard (STD) and high-fat diet (HFD) compared to the main control 
group (STD).
Conclusion: HFD can induce an exacerbation of the diabetic phe-
notype of β-HNF1afl/fl mice, impacting glucose regulation and islet 
architecture.
Supported by: FRIPRO
Disclosure: S. Sharmine: None.

403
The Welander distal myopathy TIA1 mutation promotes a pro-
insulin to insulin processing defect in human insulin producing 
EndoC-betaH1 cells
T. Zhao1, X.  Wang1, J.  Cen1, A.  Ngamjariyawat1, Å. Sjöholm2, N.  Welsh1;
1Medical Cell Biology, Uppsala University, Uppsala, Sweden, 2Inter-
nal Medicine, Division of Endocrinology and Diabetology, University 
of Gävle, Gävle, Sweden.

Background and aims: Welander distal myopathy (WDM) is a domi-
nantly inherited muscular dystrophy that results from a gain of function 
T-cell-restricted intracellular antigen 1 (TIA1) E384K mutation. The 
TIA1 E384K mutation has been showed to affect SMN exon-7 splic-
ing, stress granule dynamics and mitochondrial metabolism in vitro, 
possibly leading to muscle fiber and motor neuron dysfunction in vivo. 
The aim of this study was to investigate whether also insulin-producing 
cells are negatively affected by the TIA1 E384K mutation, with par-
ticular attention to the conversion of proinsulin to insulin.
Materials and methods: Prime editing was employed to construct 
wild-type (WT) and mutant TIA1 E384K (Mut) cell clones using 
human insulin producing EndoC-betaH1 cells. The co-localization 
of TIA1 in WT and Mut cells, exposed to glucolipotoxic conditions 



S208 Diabetologia (2023) 66 (Suppl 1):S1–S536

1 3

(palmitate + high glucose), with the stress granule marker G3BP1 
was analyzed by immunofluorescence. The release and contents 
of proinsulin and insulin in WT and Mut clones were assessed by 
ELISA. The co-localization of insulin, proinsulin and chromogranin 
A was visualized by immunofluorescence, and chromogranin A pro-
cessing was investigated using immunoblotting. Finally, WT and Mut 
cells were exposed to the GLP-1 receptor agonist liraglutide for 14 d, 
and insulin and proinsulin levels were quantified.
Results: The TIA1 mutation did not affect the TIA1 association with 
stress granules in clones exposed to glucolipotoxicity. However, an 
increased proinsulin release, and a decreased insulin release and content 
were observed in Mut cells at both low and high glucose concentrations. 
Both WT and Mut clones exhibited co-localization between insulin/
proinsulin and chromogranin A, suggesting that packaging and release 
of secretory vesicles is functional in TIA1-mutated cells. Analysis of 
co-localization of insulin and proinsulin revealed that more proinsulin-
positive/insulin-negative regions were observed in Mut cells, suggesting 
a proinsulin to insulin conversion defect. This was further supported by 
immunoblot analysis of full length and processed chromogranin A, which 
showed a relative decrease in fragmented chromogranin A bands in Mut 
clones. Interestingly, a 14-day liraglutide exposure period partially alle-
viated the abnormal secretion of proinsulin and insulin in Mut clones.
Conclusion: The WDM E384K TIA1 mutation causes a proinsulin 
to insulin processing defect, which can be alleviated by the GLP-1 
receptor agonist liraglutide. Further studies are ongoing to establish 
whether the TIA1 mutation results in glucose intolerance or diabetes 
in WDM patients.
Supported by: EFSD/Lilly Programme
Disclosure: T. Zhao: None.
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Deep mutational scanning of the insulin receptor ectodomain to 
facilitate genetic diagnosis and translational studies of insulin 
receptoropathy
V. Aslanzadeh1, G.  Brierley2, G.  Kudla3, R.K.  Semple1;
1Centre for Cardiovascular Science, University of Edinburgh, Edin-
burgh, UK, 2Faculty of Science and Engineering, Anglia Ruskin Uni-
versity, Cambridge, UK, 3Institute of Genetics and Cancer, University 
of Edinburgh, Edinburgh, UK.

Background and aims: Loss-of-function mutations in the human 
insulin receptor gene (INSR) result in severe or extreme insulin 
resistance. Biallelic mutations are often fatal in infancy or child-
hood. While a wide range of mutations has been linked to disease, 
however, few have been functionally studied, and recurring muta-
tions are rare. This poses a challenge both for confident genetic 
diagnosis and for patient stratification for novel candidate treat-
ments that may include antibody, peptide, and small molecule 
ligands that activate the receptor in a manner distinct from insulin. 
These therapies have the potential to activate mutant receptors that 
exhibit impaired insulin binding or responsiveness. The ability to 
differentiate pathogenic alleles from functionally insignificant 
variants at scale would circumvent a key rate determining step in 
future clinical translation of promising novel agonists, and may also 
inform stratification of insulin resistance in the general population.
Materials and methods: To address this challenge, we have utilized 
massively multiplexed Flow-Seq-based assays to determine the expres-
sion and function of c.14,000 missense variants in the INSR extracel-
lular domain. This employed heterologously expressed human mutant 
receptors in mouse embryonic cells in which endogenous Insr and Igf1r 
genes were knocked out or down. We evaluated cell surface expres-
sion using two different monoclonal anti-receptor antibodies, insulin 
binding using fluorescently labelled insulin, and signal transduction 
by probing for Akt phosphorylation after insulin or antibody exposure.

Results: Our analysis distinguished variants that reduce or eliminate 
receptor cell surface expression, variants that maintain cell surface 
expression but exhibit selectively impaired insulin binding, and vari-
ants with severely impaired signalling response to insulin but preserved 
response to antibody. The last group, clustering in known insulin bind-
ing domains, are strong candidates for therapeutic targeting by anti-
receptor monoclonal antibodies. Our assays confirmed previously 
studied characteristics of a panel of disease-causing variants and were 
consistent with prior alanine scanning mutagenesis studies and struc-
tural predictions.
Conclusion: In summary, we have constructed an extensive map of 
sequence-function relationships for INSR variants, and now aim to 
develop a prediction tool that will be of immediate value diagnosti-
cally and accessible by the community. This tool will further serve 
to rapidly identify mutations potentially amenable to activation by 
anti-receptor antibodies or non-canonical INSR ligands.
Disclosure: V. Aslanzadeh: None.
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In vitro differentiation of ZNF808 knockout human embryonic 
stem cells reveals impaired pancreatic lineage specification
S. Muralidharan1, H.  Montaser1, J.S.  Vire1, H.  Ibrahim1, S.  Eurola1, 
E. De  Franco2, N.D.L.  Owens3, M.  Imbeault4, A.  Hattersley3, D. 
 Balboa5, T.  Otonkoski1;
1University of Helsinki, Helsinki, Finland, 2University of Exeter Col-
lege of Medicine and Health, Exeter, UK, 3Institute of Biomedical 
and Clinical Sciences, University of Exeter College of Medicine and 
Health, Exeter, UK, 4Department of Genetics, University of Cam-
bridge, Cambridge, UK, 5Regulatory Genomics and Diabetes, Centre 
for Genomic Regulation, Barcelona Institute of Science and Technol-
ogy, Barcelona, Spain.

Background and aims: Neonatal diabetes is a rare form of mono-
genic diabetes resulting mutations in genes that are important for 
beta cell development or function. Genetic studies at the University 
of Exeter identified homozygous loss-of-function variants in ZNF808 
gene resulting in neonatal diabetes and pancreatic exocrine insuffi-
ciency. ZNF808is a primate specific KRAB zinc finger protein, that 
targets regulatory platforms derived from transposable elements, pri-
marily the long terminal repeat of endogenous retroviruses classified 
as MER11 elements. In this study, we aim to understand the precise 
mechanism by which ZNF808 mutations result in diabetes.
Materials and methods: To study the role of ZNF808 during early 
pancreatic development, we engineered ZNF808-KO in H1 human 
embryonic stem cells with CRISPR-Cpf1 and differentiated them 
using a protocol that recapitulates the distinct pancreatic developmen-
tal stages. We assayed the transcriptomic and epigenomic changes 
occurring in control and ZNF808-KO stem cells during the differ-
entiation using bulk RNAseq and ChIPseq. Specific targets from the 
RNAseq analysis were also assessed using qRT-PCR and immuno-
cytochemistry during different stages of pancreatic differentiation.
Results: We found impaired repression of MER11-element regulatory 
regions in ZNF808 KO cells leading to activation of liver endoderm 
markers during the primitive gut tube and posterior foregut stages of 
differentiation. This resulted in suboptimal pancreatic progenitor dif-
ferentiation during the early stages, that was however rescued at later 
stages by the signaling cues used in our standard pancreatic directed 
differentiation protocol. Therefore, we optimized the differentiation 
protocol by modulating the concentration of small molecule inhibitors 
for BMP and Sonic Hedgehog signaling pathways. We compared the 
relative expression of pancreatic (PDX1, PTF1A, MNX1, NKX6.1) and 
hepatic (AFP, TBX3, HNF4A, HNF1B) lineage markers in the control 
and ZNF808-KO cells. We identified modified differentiation condi-
tions that resulted in increased expression of hepatic markers in the 
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ZNF808 KO cells compared to control, suggesting that a more permis-
sive protocol for the liver lineage enables better recapitulation of the 
disease phenotype caused by ZNF808 loss-of-function.
Conclusion: Our results suggest that ZNF808 is essential for the 
proper specification of the pancreatic lineage from foregut endoderm.
Supported by: Wellcome Trust Collaborative Award
Disclosure: S. Muralidharan: None.

406
Disease modelling MODY5 in zebrafish to investigate mechanisms 
for pancreas development
E. Mchaina1, E.  Denker2, R.  Hoff2, O.V. Fløtre2, L.B.  Gundersen1, 
S.  Ellingsen2;
1Western Norway University of Applied Sciences, Bergen, Norway, 
2University of Bergen, Bergen, Norway.

Background and aims: MODY5 is an inherited form of monogenic 
diabetes caused by dominantly inherited mutations in the HNF1B gene. 
MODY5 patients suffer from dysfunction of insulin-producing beta-
cells as well as other clinical features including abnormal liver func-
tion, agenesis of the pancreas and severe non-diabetic renal disease. 
Our aim was to generate a MODY5 relevant Zebrafish disease model 
by introducing an HNF1B premature termination mutation, for detailed 
investigation of early pancreatic development in MODY5 mutants.
Materials and methods: The proposed MODY5 model was produced 
using CRISPR-Cas targeting the HNF1B gene in one-cell stage embryos 
of a transgenic Zebrafish line (Tg(wt1b:EGFP)). The HNF1B variant intro-
duced in the Zebrafish model (Tg(wt1b:EGFP)) is a frameshift deletion 
that causes premature termination, leading to a non-functional protein. 
Pancreas development was monitored by whole-mount and cryo-section 
immunohistochemistry (IHC) using fluorescence markers for endocrine/
exocrine cells and alpha/beta cells. Relevant downstream targets and inter-
acting partners of HNF-1B were also investigated by real-time qPCR.
Results: The heterozygous MODY5 model, shows a 50% increase in 
blood glucose concentration but with no other apparent phenotypes. The 
measurements were performed on arbitrarily fasted Zebrafish with an aver-
age blood glucose level of 25 mg/dl for wild type and 55 mg/dl for het-
erozygous MODY5 (not fasted normal range: 50-75 mg/dl). Homozygous 
MODY5 Zebrafish larvae, however, show severe phenotypes in the pan-
creas and kidney and decreased viability, unable to survive to adulthood. 
Tissue-specific analysis of the pancreas phenotype indicates specified exo-
crine and endocrine tissue, but the population of exocrine/endocrine cells 
is noticeably reduced. Other observations in mutant larvae depict a lack of 
beta cells and insulin, while alpha cells and glucagon increased (a 1.5-fold 
increase in the number of cells). The results from real-time qPCR showed 
increased- glucagon and decreased insulin levels. Further, mRNA levels in 
mutant larvae resulted in an upregulation of other pancreatic development 
genes (PDX1, FOXA3, PAX6), including HNF1B.
Conclusion: Our findings confirm the important role of HNF-1B for 
normal pancreas tissue development. We can propose that since HNF-
1B is a crucial member of transcription factors that control the differen-
tiation of pancreatic multipotent progenitor cells, the observed up-regu-
lation is to compensate for its inactivation. Thus, our Zebrafish models 
may represent a valuable model for acquiring improved understanding 
of the causal molecular mechanisms of MODY5 disease development.
Disclosure: E. Mchaina: None.

407
Identification of PAM as a novel monogenic diabetes gene
J. Feiner1,2, N.  Perrot1,2, M.  Chong1,2, R.  Lali1,2, R.  Morton2, P. 
Mohammadi-Shemirani2, S.  Yusuf1,2, Z.  Punthakee1,2, H.  Gerstein1,2, 
G.  Pare1,2, M.  Pigeyre1,2;

1McMaster University, Hamilton, ON, Canada, 2Population Health 
Research Institute, Hamilton, ON, Canada.

Background and aims: Various biological mechanisms involved in 
Type 2 Diabetes (T2D) have been unveiled through converging evi-
dence in common frequency variants from Genome wide association 
studies (GWAS) and rare or low frequency variants (RV/LFVs) from 
Exome wide association studies (EXWAS). We hypothesized that a 
two-pronged approach interrogating both common variants and RV/
LFVs could yield identification of new diabetes genes.
Materials and methods: Per gene protein-altering RV/LFV burden 
was tested for association with T2D risk in an EXWAS of 11,731 cases 
and 149,613 controls in the UKBiobank. We used a logistic regression 
model adjusted for age, sex, and the top 20 genetic principal com-
ponents of the Caucasian European cohort. Significant encoded pro-
teins were then investigated using two-sample Mendelian randomiza-
tion (MR) for causal association with T2D risk and related variables, 
including fasting glucose, fasting insulin, post-prandial insulin secre-
tion, and HbA1c. Protein quantitative trait loci were estimated in the 
Prospective Urban and Rural Epidemiological study (N=11,020) and 
compared to GWAS-summary statistics of T2D and related outcomes 
from the UKBiobank (N=407,701), FinnGen (N=207,318), MAGIC 
(N=58,074), DIAGRAM (N=898,130), and NEO (N=3,526).
Resul ts :  At  the  exome-wide  s ign i f icance  th reshold 
(P=0.05/19,589=2.55×10-6), we identified loss-of-function RV/
LFVs in GCK and PAM, which encode the proteins glucokinase and 
peptidylgycine α-amidating monooxygenase respectively, to be asso-
ciated with T2D risk. Deleterious mutations in the PAM gene were 
associated with a 29% increase in T2D risk (OR per RV/LFV 1.29; 
95% CI, 1.17 to 1.43; P=7.17×10-7). This association was driven 
by a low frequency variant, rs78408340-G (p.Ser539Trp) present in 
2.6% of T2D cases and in 1.8% of controls. Two-sample MR analyses 
confirmed that 1 SD decrease in PAM circulating levels was consist-
ently associated with increased T2D risk (OR=1.16; 95% CI, 1.14 
to 1.19; P=9.54×10-52) and HbA1c (%) (b=0.0047; 95% CI, 0.00051 
to 0.0090; P=0.028), and decreased post-prandial insulin (mU/L) 
secretion (b=-0.060; 95% CI, -0.083 to -0.036; P=8.32×10-7), but 
decreased fasting glucose (pmol/L) level (b=-0.027; 95% CI, -0.034 
to -0.20; P=1.76×10-13), and no association with fasting insulin.
Conclusion: Our findings identified PAM variants as a novel cause of 
monogenic diabetes and demonstrated a strong causal effect of circulat-
ing PAM levels on T2D risk and post-prandial insulin secretion. This 
supports further investigation of PAM as a therapeutic T2D target.
Supported by: The PURE biomarker project was supported by Bayer 
and the CIHR.
Disclosure: J. Feiner: None.

408
Rare missense and protein truncating variants in NEUROD1 and 
PDX1, but not APPL1, cause MODY with reduced penetrance
K. Colclough1, L.  Sharpe2, T.  Laver2, A.  Hattersley2, M.  Weedon2, 
K.  Patel2;
1Exeter Genomics Laboratory, Royal Devon University Healthcare 
NHS Foundation Trust, Exeter, UK, 2Institute of Biomedical and 
Clinical Science, University of Exeter, Exeter, UK.

Background and aims: There is limited genetic evidence in the lit-
erature supporting rare variants in NEUROD1, PDX1 and APPL1 as a 
cause of MODY. In this study, we aimed to assess if these genes cause 
MODY by evaluating variant frequencies in MODY cases and popula-
tion controls to provide the first ever gene-level evidence for causality.
Materials and methods: We used three complementary analyti-
cal methods to assess causality. This included 1) assessing the 
frequency of reported pathogenic variants, published before the 
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availability of large scale control data (<2015) , in a large popu-
lation cohort (gnomADv2), 2) evaluating the co-segregation of 
the reported pathogenic variants from published pedigrees, identi-
fied through a literature search using PubMed and HGMD, and 3) 
performing rare variant (minor allele frequency (MAF) <0.0001) 
enrichment analysis (missense, protein truncating (PTV), synony-
mous) in 2734 people with clinically suspected MODY and 185,899 
people from a UK population control cohort (UK BioBank). We 
used the well-known casual genes HNF1A and HN4A as positive 
controls and synonymous variants as negative controls in our 
analysis.
Results: 7, 3 and 0 variants were reported in literature associated with 
MODY in PDX1, NEUROD1 and APPL1 respectively. Of these, 3/3 
(NEUROD1), 1/7 (PDX1) were sufficiently rare in a control population 
to be causal for MODY (MAF ≤4x10-6), and all four of these vari-
ants were not present in the gnomAD cohort. Analysis of published 
pedigrees showed high combined LOD scores of 8.7 for NEUROD1 
(n=3) and 6.7 for PDX1 (n=3), but a low LOD score of 2.4 for APPL1 
(n=1). Rare missense and PTV (MAF <0.00001) but not synonymous 
variants in NEUROD1 were enriched in the MODY cohort compared 
to the control population (OR = 2.9, 95%CI 1.7-4.5, p<10-4 for mis-
sense, OR = 16.3, 95%CI 5.5-40.8, p<10-6 for PTV and OR = 1.2, 
95%CI 0.3-3.1, p=0.6 for synonymous). Similarly, PDX1 also showed 
enrichment for missense (OR = 2.7, 95%CI 1.8-4.1, p<10-6) and PTV 
(OR=45.4, 95%CI 9.4-191.3, p<10-6), but not synonymous (OR = 
2, 95%CI 0.9-4, p=0.03). However, these odds ratios are still much 
lower than HNF1A (OR 7.9 missense and 351.1 for PTV, p<10-67) and 
HNF4A (OR = 7.3 for missense and OR = 289.9 for PTV, p<10-28) 
suggesting that PDX1 and NEUROD1 cause MODY with a lower pen-
etrance. Conversely, missense and PTVs in APPL1 were not enriched 
in the MODY cohort (OR = 1.6, 95%CI 0.9-2.5, p=0.07 for missense, 
OR = 2.4, 95%CI 0.3-9.2, p=0.2 for PTV and OR = 0.6, 95%CI 0.1-
1.7, p=0.5 for synonymous).
Conclusion: Our comprehensive genetic analysis suggests that rare 
missense and protein truncating variants in NEUROD1 and PDX1 
cause lower penetrance MODY, but rare variants in APPL1 do not 
cause MODY. We recommend that APPL1 is not included in next 
generation sequencing gene panels for MODY.
Supported by: WT, EFSD/Lilly European Diabetes Research 
Programme
Disclosure: K. Colclough: None.

409
Developing a MODY calculator for use at time of diagnosis in the 
paediatric population
B. Shields1, A.  Carlsson2,3, K.  Patel1, K.  Colclough4, H. Eld-
ing  Larsson3,5, G.  Forsander6, U.  Samuelsson7, A.  Hattersley1, J. 
 Ludvigsson7;
1University of Exeter Medical School, Exeter, UK, 2Department of 
Clinical Sciences Lund, Lund University, Lund, Sweden, 3Depart-
ment of Pediatrics, Skåne University Hospital, Skane, Sweden, 4Royal 
Devon University Hospital NHS Foundation Trust, Exeter, UK, 5Pedi-
atric Endocrinology, Institution for Clinical Sciences Malmö, Lund 
University, Lund, Sweden, 6The Queen Silvia Childrens Hospital, 
Gothenberg, Sweden, 7Crown Princess Victoria Children´s Hospital 
and Div of Pediatrics, Linköping, Sweden.

Background and aims: Maturity Onset Diabetes of the Young (MODY) 
is a young-onset, monogenic form of diabetes. It is important to correctly 
diagnose as these patients do not require insulin treatment. Genetic test-
ing is expensive so approaches are needed to help identify which patients 
are likely to have MODY. The “MODY calculator” was developed to help 
identify patients most likely to have MODY given their clinical features, 

but it cannot be used at the time of diagnosis as time to insulin is a key 
feature. We aimed to develop a MODY probability calculator that could 
be used in paediatric cases at the time of diagnosis.
Materials and methods: We analysed clinical features and islet autoan-
tibodies data at time of diabetes diagnosis from 3541 paediatric patients 
from the Swedish ‘Better Diabetes Diagnosis’ (BDD) population study 
(n=46 (1.3%) MODY). Firth logistic regression models were developed 
and model discrimination and calibration were assessed. Model perfor-
mance was compared to using islet autoantibody testing (GAD, IA2 and 
ZnT8).
Results: HbA1c, parent affected, and absence of polyuria were sig-
nificant independent predictors of MODY, whereas BMI, sex, and age 
at diagnosis were not discriminatory. The model showed excellent 
performance (c-statistic=0.963) and calibrated well with predicted 
probabilities lining up well with observed numbers of MODY (Brier 
score=0.01). Using MODY probability >1.3% (ie. above background 
prevalence) had similar performance to being negative for all 3 anti-
bodies (positive predictive value (PPV) = 10% v 11% respectively). 
Probability >1.3% and negative for all 3 antibodies narrows down to 
4% of the cohort for genetic testing and detects 93% of MODY cases 
(PPV =31%).
Conclusion: We have developed a MODY calculator for use in pae-
diatric patients at time of diabetes diagnosis. This will help target 
genetic testing to those most likely to benefit to ensure they get the 
right diagnosis and treatment for their diabetes from the start.
Supported by: Barndiabetesfonden (The Swedish Child Diabetes 
Foundation)
Disclosure: B. Shields: None.
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SO 14 Heterogeneity of diabetes

410
Characterising diabetes in Kazakhstan: a cluster analysis
B. Taurbekova1, R.  Sarsenov1, S.  Fazli1, K.  Atageldiyeva1, S. 
 Zhumambayeva2, A. Sarria-Santamera1;
1Nazarbayev University, Astana, Kazakhstan, 2Astana Medical Uni-
versity, Astana, Kazakhstan.

Background and aims: Diabetes is a global pandemic, affecting 537 mil-
lion adults worldwide in 2021. It is recognized that diabetes is much more 
complex than the classification into type 1 diabetes and type 2 diabetes sug-
gests. Variations in progression and response to the treatment may indicate 
heterogeneity in the diabetic population. Identification of homogeneous 
subgroups of patients with an initially predictable course of the disease at 
the onset of diabetes can be useful for recognizing those at highest risk of 
complications and for applying personalized treatment strategies. We aimed 
to identify homogeneous groups of patients with diabetes based on routinely 
collected measurements using unsupervised, data-driven cluster analysis.
Materials and methods: We conducted a retrospective cohort study analyz-
ing data from Electronic Medical Records of 558 patients with newly diag-
nosed diabetes from 4 outpatient clinics in Astana. We performed a k-means 
cluster analysis of 9 routinely measured variables using the KMeans function 
(iterations=3 million) from the Scikit-Learn Python library.
Results: We identified five clusters of patients with diabetes with 
clinically significant characteristics in each cluster (Table 1). Clus-
ter 1, consisting of 176 (31,5%) patients, was defined by late-onset 
diabetes, relatively low blood pressure (BP) and body mass index 
(BMI), moderate metabolic derangements, and comparably low esti-
mated glomerular filtration rate (eGFR). The 83 (14,9%) patients in 
cluster 2 were characterized by a late manifestation of diabetes, high 
BP and BMI, relatively poor glycemic control, moderate dyslipi-
demia, and comparably low eGFR. Cluster 3, including 98 (17,6%) 
patients, was represented by a low age at onset, comparably low BP 
and BMI, moderately poor glycemic and lipid controls, and high 
eGFR. The 110 (19,7%) patients in cluster 4 had late-onset diabetes, 
high BP and BMI, subcompensated diabetes, poor lipid control, and 
relatively low eGFR. Cluster 5, which involved 91 (16,3%) patients, 
was characterized by comparably low BP and BMI, poor glycemic 
control, modest dyslipidemia, and high eGFR.
Conclusion: We presented homogeneous subgroups of patients based 
on cluster analysis of 9 commonly measured variables. We intend to 
continue the project for further conducting a prospective study with 
dynamic monitoring of study participants, tracking specific patterns in 
the development of diabetic complications in each cluster. The results 
of this work will contribute to the development of a model for identify-
ing patients with an initially predictable course of diabetes and a high 
risk of its complications at the time of diagnosis. The proposed model 
may help to introduce personalized medicine which will slow down 
the progression of diabetes, improve the quality of life, and positively 
affect the socio-economic burden of diabetes in general.

Supported by: This study was supported by the Nazarbayev University 
Grant 080420FD1916
Disclosure: B. Taurbekova: None.

411
Diabetes classification models have high performance when pro-
spectively validated in adults with new onset diabetes
J. Knupp1, A.  Hill1,2, T.J.  McDonald1,2, N.  Thomas1,2, R.  Oram1,2, 
A.T.  Hattersley1,2, T.  McKinley1, B.M.  Shields1, A.G.  Jones1,2, Star-
tRight Consortium;
1Department of Clinical and Biomedical Sciences, University of 
Exeter, Exeter, UK, 2Royal Devon University Hospital Foundation 
Trust, Exeter, UK.

Background and aims: Classification of type 1 and 2 diabetes in adults 
can be challenging, as features of these conditions frequently overlap. 
Classification models have been developed and validated using routine 
clinical features, islet-autoantibodies and type 1 genetic susceptibility 
(type 1 diabetes genetic risk score, T1DGRS) providing high perfor-
mance discriminating type 1 and 2 diabetes in cross sectional data. How-
ever, performance of these models used close to diabetes diagnosis is 
unknown. We aimed to determine the performance of existing diabetes 
classification models when used close to diabetes diagnosis in the pro-
spective StartRight study and assess whether additional features relating 
to severity of diabetes presentation further improved model performance.
Materials and methods: We assessed performance of diabetes classifi-
cation models combining: age of diagnosis and BMI (model 1), with islet 
autoantibody status (GAD and IA2A) (model 2) and 30 T1DGRS (model 
3) in identifying type 1 diabetes in the prospective StartRight study. Par-
ticipants were recruited within 12 months of diagnosis (median duration 
4.866 months), aged 18-50, and followed up for 3 years. Gold standard 
diabetes type was defined as follows: Type 1 diabetes (T1D): Insulin 
treatment within 3 years and post-meal C-peptide <600pmol/L; Type 2 
diabetes (T2D): Lack of insulin requirement within 3 years of diagnosis, 
or if insulin treated, C-peptide >600pmol/L >3 years diabetes duration. 
To evaluate adding features relating to diabetes severity at diagnosis, 
Diabetes ketoacidosis (DKA), HbA1c and weight loss at presentation 
were assessed though participant healthcare records and self -report.
Results: 539 participants were analysed (165 T1D (31%), 374 T2D (69%)). 
All three models had high performance in discriminating T1D from T2D: 
area under receiver operator curve (ROC AUC) for models 1 to 3 were 0.864 
(95%CI 0.832-0.896); 0.922 (0.899-0.946); 0.924 (0.899-0.949)) and had 
higher discrimination than islet autoantibody testing alone (ROC AUC 0.849 
(0.815-0.884). On assessment of calibration, model 1 modestly underesti-
mated likelihood of type 1 diabetes (mean prediction 24.7%), reflecting the 
higher T1D prevalence in this dataset (31%) than the model development 
cohorts (14%). Calibration improved with inclusion of islet autoantibod-
ies, and further with T1DGRS. Addition of other clinical features further 
improved the models’ predictive ability (OR [95% CI] for T1D: 4.0 [2.2, 
7.3] for weight loss (p<0.001), 2.8 [1.1, 7.2] for DKA (p=0.04) and 1.01 
[1.0, 1.2] per 1mmol/mol increase in HbA1c (p=0.05)), and improved dis-
criminatory performance and calibration for all 3 models (1-3 respectively): 
AUC ROC: 0.896 (0.868-0.924); 0.934 (0.913-0.955); 0.936 (0.914-0.958).
Conclusion: Classification models for type 1 and 2 diabetes devel-
oped in cross-sectional data had high performance close to diag-
nosis in a prospective cohort. Adding presentation HbA1c, DKA, 
and weight loss further improved model performance. These models 
could aid diabetes classification, identifying at diagnosis patients 
most likely to rapidly progress to severe insulin deficiency.
Supported by: Diabetes UK and NIHR
Disclosure: J. Knupp: None.

412
Heterogeneity of temporal trajectories for the main functional 
parameters of glucose metabolism in non-diabetic individuals: an 
IMI DIRECT study
R. Bizzotto1, E.R.  Pearson2, A.  Mari1, for the IMI DIRECT 
Consortium;
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1Neuroscience Institute, CNR, Padua, Italy, 2Population Health & 
Genomics, School of Medicine, University of Dundee, Dundee, UK.

Background and aims: It is increasingly recognized that the tem-
poral trajectories of the mechanisms of glucose homeostasis are het-
erogeneous. Here, we aimed to select the functional parameters of 
glucose metabolism with relevant trajectories for progression to type 
2 diabetes (T2D) and to study their heterogeneity.
Materials and methods: Among adults of European ancestry at risk 
of developing T2D, recruited to the IMI DIRECT study, we consid-
ered those with stable normal glucose tolerance or stable impaired 
glucose regulation (N=1060) and those progressing to T2D (N=158). 
We performed stepwise forward-backward multivariate logistic 
regression analysis on the progression event, using as potential inde-
pendent variables the baselines and linear slopes over time of anthro-
pometrics, blood pressure, and OGTT-derived functional parame-
ters of β-cell function, insulin clearance, and sensitivity (as OGIS 
index adjusted for BMI changes, OGISb). We used the three most 
important slopes from the logistic analysis as input for the reversed 
graphed embedding (RGE) framework. From the RGE-derived tree 
we extracted and studied groups of individuals with extreme combi-
nations of the considered slopes (archetypes).
Results: Balanced accuracy from the logistic analysis was 0.90. Inde-
pendent associations with progression were observed for slopes of 
OGISb, BMI, β-cell glucose sensitivity (GS), and insulin secretion 
at 7.5 mmol/mol glucose (ISRst), and for baselines of few variables. 
We extracted 5 archetypes (A1 to A5) using slopes of OGISb, GS, and 
ISRst as RGE inputs, with moderate recovery as from the adjusted 
Rand Index (ARI, see Figure). A5 had high odds ratio for progression 
to T2D, as compared to remaining individuals, and showed decreas-
ing OGISb, ISRst, and GS (i.e., their slopes were negative, with sig-
nificance from Wilcoxon rank-sum p<0.001). A2 and A4 had odds 
ratio around 1, with decreasing OGISb and ISRst but increasing GS 
(A2), or stable OGISb and decreasing ISRst and GS (A4). A3 and 
A1 had odds ratio <1 (close to 0 for A1), with increasing OGISb and 
ISRst and slightly decreasing GS (A3), or stable OGISb and increas-
ing ISRst and GS (A1).
Conclusion: The analysis of temporal slopes of insulin sensitivity 
and specific features of β-cell function in individuals at risk of devel-
oping T2D identified five different extreme combinations of these 
slopes. When individuals decrease both insulin sensitivity and β-cell 
function, their odds of progression to T2D are the highest. Progres-
sion happens also when β-cell glucose sensitivity and insulin sensitiv-
ity are increasing and stable, respectively, but less frequently. More 
favourable longitudinal patterns for the main functional parameters 
associated with progression reduce the odds of T2D development. 
Approaches dealing with different combinations of specific patho-
logical longitudinal mechanisms are necessary for personalized T2D 
prevention.

Supported by: IMI-JU DIRECT
Disclosure: R. Bizzotto: None.
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Longitudinal HbA1c patterns before first treatment of diabetes in 
routine clinical care: a latent class trajectory analysis
S.K. Nicolaisen1, S. le  Cessie2, R.W.  Thomsen1, D.R.  Witte3,4, O.M. 
 Dekkers5, H.T. Sørensen1, L.  Pedersen1;
1Department of Clinical Epidemiology, Aarhus University and Aarhus 
University Hospital, Aarhus, Denmark, 2Department of Clinical Epi-
demiology & Department of Biomedical Data Sciences, Leiden Uni-
versity Medical Center, Leiden, Netherlands, 3Steno Diabetes Center 
Aarhus, Aarhus, Denmark, 4Department of Public Health, Aarhus 
University, Aarhus, Denmark, 5Department of Clinical Epidemiology 
& Department of Endocrinology and Metabolism, Leiden University 
Medical Center, Leiden, Netherlands.

Background and aims: Since 2011, diagnosis and treatment initiation 
for type 2 diabetes have mainly been based on an HbA1c threshold of 
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48 mmol/mol in accordance with the WHO criteria. Little is known 
about trajectories of HbA1c prior to treatment initiation and possible 
therapeutic inertia in routine clinical care. We examined if there was 
heterogeneity in longitudinal patterns of HbA1c in routing clinical care 
individuals prior to glucose-lowering treatment initiation.
Materials and methods: In this population-based cohort study, we 
used HbA1c from databases with all laboratory tests from general prac-
tice and hospitals for the entire Danish population. Among first-ever 
glucose-lowering treatment initiators, we assessed HbA1c values in the 
five years preceding treatment. We used latent class trajectory analysis 
to classify individuals based on their longitudinal HbA1c patterns.
Results: Among 21,556 individuals with first-ever glucose-lowering 
treatment during 2017-2018 in three Danish regions, 20,733 (96%) had 
one or more HbA1c measurements recorded in the database in the pre-
ceding five years. Four latent classes with distinct longitudinal HbA1c 
trajectories were identified. The figure shows the smoothed trajectories 
in the four classes. The red dashed lines indicate the WHO-defined limits 
for prediabetes (42 mmol/mol) and diabetes (48 mmol/mol). All trajecto-
ries showed slowly increasing HbA1c levels over several years, but with 
a variation in increase in HbA1c starting 9 to 17 months before diabetes 
treatment initiation. The largest class included 74% of the individuals 
and the mean trajectory showed HbA1c levels above the 48 mmol/mol 
threshold for 9 months prior to treatment initiation, at which time the 
mean HbA1c had risen to 52 mmol/mol (95% CI 52-52 mmol/mol). In 
the remaining three classes, HbA1c had been above 48 mmol/mol for 
almost 1.5 years before treatment initiation. In these classes, HbA1c 
increases were steeper, reaching mean HbA1c of 79 mmol/mol (95% CI 
78-80 mmol/mol), 105 mmol/mol (95% CI 104-106 mmol/mol), and 137 
mmol/mol (95% CI 135-140 mmol/mol) at treatment initiation.
Conclusion: We identified four distinct longitudinal patterns of 
HbA1c prior to glucose-lowering treatment initiation in clinical 
practice. Individuals in all four classes had mean HbA1c above the 
diabetes diagnostic threshold for many months before treatment was 
initiated, pointing towards therapeutic inertia that may potentially 
increase the risk of future diabetes complications.

Supported by: SKN received a travel grant from The Danish Diabetes 
Association.
Disclosure: S.K. Nicolaisen: Grants; SKN received a travel grant 
from The Danish Diabetes Association.
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Cardio-metabolic risk stratification by meal response profiles: 
paving the way towards to personalised nutrition
K. Deng1, D.A.  Hughes2, R.D.  Mutsert1, A.V.H.  Vlieg1, F.R. 
 Rosendaal1, D.O. Mook-Kanamori3, K.W.V.  Dijk4, N.J.  Timpson2, R. 
Li-Gao1;

1Department of Clinical Epidemiology, Leiden University Medical 
Center, Leiden, Netherlands, 2MRC Integrative Epidemiology Unit, 
University of Bristol, Bristol, UK, 3Department of Public Health and 
Primary Care, Leiden University Medical Center, Leiden, Nether-
lands, 4Department of Human Genetics, Leiden University Medical 
Center, Leiden, Netherlands.

Background and aims: Metabolic response to food intake is regulated 
by different biological pathways in the human body, and the variability of 
metabolic response to food has been linked to an increased risk of various 
diseases. However, it is unclear how much variability exists in meal response 
between people and to what extent this variability is accurately associated 
with disease risk. In this study, we aim to utilize population level metabo-
lomic data to 1) describe the variability in meal response, 2) identify differ-
ent meal response subtypes and phenotypes associated with meal response 
subtypes, 3) estimate type 2 diabetes (T2D) disease risk for meal response 
subtypes, and 4) contrast these risk estimates with other markers of risk.
Materials and methods: The Netherlands Epidemiology of Obesity 
(NEO) study is a prospective cohort study (N = 4440) with complete 
fasting and postprandial (150 min after a liquid mixed meal) metabo-
lomic measurements for 126 metabolites. We derived a metabolomic pro-
file for meal response, measured as the difference between postprandial 
and fasting abundance, and performed a data-driven clustering analysis 
to identify distinct meal response patterns. A dynamic tree cut method 
and principal component analysis were performed to reduce the data 
dimension before partitioning individuals into different meal response 
subtypes by k-means clustering. Six cardio-metabolic biomarkers (age, 
body mass index (BMI), triglyceride (TG), glucose, total cholesterol 
(TC), hemoglobin  A1c) were compared between meal response subtypes.
Results: After excluding incomplete, outliers of metabolomic meas-
urements, 4440 participants were analyzed. The mean (SD) age of 
the participants was 56 (6) years, 2317 (52.2%) were women, and 
the mean (SD) BMI was 30.1 (4.8) kg/m2. Our analysis identified 
8 distinct meal response subtypes based on metabolomic profiles. 
Each subtype exhibited unique cardio-metabolic risk, with clusters 
4 and 7 displaying higher serum concentrations of TG, and TC than 
other clusters (P<0.001). This suggested that individuals within these 
subtypes may be at increased risk of cardiometabolic diseases. Con-
versely, cluster 1 was characterized by higher BMI when compared 
with cluster 5, 6 and 8 (P<0.05) but normal metabolic status, while 
cluster 6 consisted of metabolically healthy older individuals.
Conclusion: Our study identified 8 subtypes of individuals with 
distinct cardio-metabolic risk profiles based on their metabolomic 
responses to a liquid mixed meal, and we plan to examine the asso-
ciations between identified subtypes and the incidence of T2D in 10 
year of follow-up of the NEO participants.

Clinical Trial Registration Number: NCT03410316
Disclosure: K. Deng: None.
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415
Subphenotype-dependent benefits from bariatric surgery of indi-
viduals at risk for type 2 diabetes
L. Sandforth1, E.  Lembo2, O.  Verrastro2, A.  Sandforth1, K.  Zhou1, 
R.  Archid3, R.  Wagner4, L.  Fritsche1, A.  Fritsche1, R. Jumpertz-von 
 Schwartzenberg1, G.  Mingrone2, A.  Birkenfeld1;
1University Hospital Tuebingen, Tuebingen, Germany, 2Università Cat-
tolica del Sacro Cuore, Rome, Italy, 3Department of General, Visceral 
and Transplant Surgery, University Hospital Tuebingen, Tuebingen, 
Germany, 4University Hospital Duesseldorf, Duesseldorf, Germany.

Background and aims: A novel data-driven classification of patients 
at risk for type 2 diabetes (T2D) has identified three of six subpheno-
types at high risk to develop T2D and/or complications. Two clusters, 
clusters 5 and 6, were notably insulin resistant had a very high risk 
for nephropathy. Cluster 5 was specifically characterized by high liver 
fat and cluster 6 by high visceral fat. We hypothesized that these two 
clusters particularly benefit from bariatric surgery.
Materials and methods: We performed cluster analyses as well as 
further laboratory measurements in obese subjects at risk for T2D. 
Statistical analysis was performed using two-way anova and post hoc 
correction by Holm-Bonferroni method. Data are presented as mean 
and standard deviation.
Results: We investigated 145 obese subjects, of which 104 under-
went bariatric surgery, whereas 41 had a conservative procedure. 
Subjects who underwent bariatric surgery had either sleeve gastrec-
tomy (54.8%), Roux-en-Y gastric bypass (43.3%) or other (2%). 72 
subjects of the surgery cohort were followed up for 15.3 ± 4.5 months 
(TP1, short term). 32 subjects of the surgery cohort and the control 
cohort were followed up for 129.7 ± 28.9 months (long term). At 
baseline, 84.1% of subjects were assigned to high risk clusters 5 and 
6. Subjects from both clusters had a similar BMI (cluster 5: 43.45 ± 
5.72 kg/m2 vs cluster 6: 44.85 ± 6.22 kg/m2, p=0.21). In both cohorts 
at baseline, patients in cluster 5 were more insulin resistant than in 
cluster 6 (short term: HOMA-IR cluster 5: 8.30 ± 4.88 vs cluster 6: 
4.73 ± 2.61, p<0.001, long term: HOMA-IR cluster 5: 4.66 ± 1.33 
vs cluster 6: 2.39 ± 1.53, p=0.05). Both cohorts showed a decrease 
of insulin resistance in cluster 5, whereas for cluster 6 this was only 
the case in the short term cohort. In both cohorts, there was a pro-
nounced improvement in insulin resistance in cluster 5 (relative dif-
ferences in HOMA-IR: short term, cluster 5: -0.70 ± 0.31; cluster 6: 
-0.39 ± 1.47,  pgroup over time<0.001, long term: cluster 5: -0.56 ± 0.19, 
cluster 6: -0.13 ± 0.64,  pgroup over time=0.03). The benefit of bariatric 
surgery in cluster 5 was underlined by an increase in kidney func-
tion in the short term cohort (eGFR: cluster 5: TP0 93.13 ± 15.75 vs 
TP1 106.81 ± 16.29, p=0.02, cluster 6: TP0 92.47 ± 20.02 vs TP1 
99.62 ± 16.02, p=0.99). Respectively, liver function, reflected by 
AST and ALT, improved in cluster 5 (AST: TP0 32.85 ± 26.61 vs 
TP1 19.55 ± 6.68, p<0.01, ALT: TP0 51.21 ± 48.77 vs TP1 17.67 
± 10.76, p<0.001), but not in cluster 6 (AST: TP0 24.08 ± 8.76 vs 
TP1 20.22 ± 6.26, p= 0.57, ALT: TP0 30.70 ± 14.87 vs TP1 19.08 ± 
9.07, p=0.11). Importantly, 97.2% of subjects from high risk clusters 
5 and 6 of the short term cohort switched to low risk clusters after 
bariatric surgery. After ten years (long term cohort), only 63% were 
assigned to low risk clusters.
Conclusion: These data suggest that the insulin resistant high risk 
cluster 5 benefits more from bariatric surgery with regard to insulin 
resistance, kidney and liver function compared to cluster 6. Further-
more, most individuals shift from high to low risk clusters after bari-
atric surgery which may reflect a reduced risk for diabetes develop-
ment and future complications.
Clinical Trial Registration Number: NCT04375371, NCT01581801
Disclosure: L. Sandforth: None.

416
Algorithms to define diabetes type using data from electronic 
health records and administrative databases: a systematic review 
of the evidence
S. Sajjadi1, J.W.  Sacre2, L.  Chen2, S.  Wild3, J.E.  Shaw2, D.J. 
 Magliano1;
1School of Public Health and Preventive Medicine, Monash Univer-
sity, Melbourne, Australia, 2Baker Heart And Diabetes Institute, Mel-
bourne, Australia, 3Public Health Sciences, University of Edinburgh, 
Edinburgh, UK.

Background and aims: We conducted a systematic review to find the 
best-performing algorithms to detect and distinguish type 1 and type 2 
diabetes in administrative data and electronic health records (EHRs).
Materials and methods: Embase and MEDLINE databases were 
searched from January 2000 until January 2023. Papers evaluating the 
performance of algorithms to define type 1 and type 2 diabetes by 
reporting diagnostic metrics (sensitivity, specificity, positive predictive 
value, and/or negative predictive value) against a range of reference 
standards were selected. Study quality was evaluated using the revised 
tool for the Quality Assessment of Diagnostic Accuracy Studies.
Results: Of 4913 articles identified from the search, 24 studies met the 
eligibility criteria. Of the 24 studies, 19 demonstrated a low risk of bias 
and low concerns about the applicability of the study population across 
all domains. Algorithms considering multiple diabetes diagnostic codes 
alone were sensitive and specific approaches to classify diabetes type 
(both metrics >89.9%). Among the top 10-performing algorithms to 
detect type 1 and type 2 diabetes, 70% and 100% featured multiple cri-
teria, respectively. Moreover, these multiple-criteria algorithms showed 
higher sensitivity than did single-criterion algorithms. Information on 
insulin use was more sensitive and specific for detecting diabetes type 
than were criteria based on use of oral hypoglycaemic agents. Algo-
rithms using machine learning approaches to classify diabetes type also 
showed moderate to high sensitivity (78.0-99.9%).
Conclusion: Algorithms based on multiple diabetes diagnostic codes 
and insulin use are the most accurate approaches to distinguish type 1 
from type 2 diabetes using administrative data and EHRs. Approaches 
with more than one criterion may also increase sensitivity in distin-
guishing diabetes type.
Disclosure: S. Sajjadi: None.

417
C peptide testing and reclassification of type of diabetes in adults: 
the outcome of a pilot study
A. Tabasum, C. Evans, C. Dayan;
Cardiff & Vale NHS Trust, Cardiff, UK.

Background and aims: The current diagnosis of type 1 diabetes 
is based on certain clinical criteria and judgement of the clinician 
at presentation. As these criteria are not precise miss-classification 
as type 1 diabetes can occur. These categories of patients could end 
up being on insulin indefinitely. C-peptide is a biomarker of insulin 
reserve. The measurement of serum C-peptide in individuals with a 
clinical diagnosis of type 1 diabetes will guide clinicians to estab-
lish correct diagnosis and management. The aim of the study was to 
reclassify the cause of diabetes guided by C-peptide level on indi-
viduals with a clinical diagnosis of type 1 diabetes & to improve the 
quality of life of these reclassified individuals by insulin cessation.
Materials and methods: In this Single centre study, individuals with 
type 1 diabetes of more than 3 years duration with negative autoanti-
bodies or have not had autoantibodies tested in the past were offered 
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random serum C-peptide testing during their routine outpatient clinic 
review. A C-peptide >200 pmol/L prompted further evaluation of 
these individuals using a diagnostic algorithm that included genetic 
testing based on genetic score and a trial of anti-diabetic co therapies 
was considered.
Results: Serum C-peptide testing was performed on 270 patients 
of whom 38(14%) patients had C-peptide >200 pmol/L. Number of 
patients with C-peptide > 600 pmol/L and 200-600 pmol/L were 32 
(11.8%) & 6 (2.2%) respectively. 10.3% (28 patients) were reclassi-
fied as type 2 diabetes and 2.9% (8 patients) awaiting reclassification 
and monogenic diabetes results. Number of patients who successfully 
came off insulin were 15 (53.5% of reclassified individuals). Number 
of patients in the process of insulin withdrawal are 13 (46.4% of 
reclassified individuals). Glycaemic control (HbA1c 5-30mmol/mol) 
improved significantly in 12 patients (42%) who are off insulin & 10 
(35%) patients in the process of insulin down titration respectively. 
Quality of life improved significantly in 8 patients who came off 
insulin completely as they had better job satisfaction.
Conclusion: This is an ongoing pilot study showing the significance 
of C-peptide measurement in providing precise diagnosis of diabe-
tes resulting in patient centered treatment approach with safe and 
effective withdrawal of insulin enhancing better quality of life to the 
patient.
Disclosure: A. Tabasum: None.

SO 15 Transcriptional regulation in islet 
cells

418
A small molecule screen for regulators of Ins2 gene activity 
dynamics
J. Chu, X. Hu, W. Sun, J. Johnson;
Department of Cellular and Physiological Sciences, University of 
British Columbia, Vancouver, BC, Canada.

Background and aims: Single cell sequencing has identified multiple 
cellular expression states, including in insulin-secreting β-cells. Our 
previous analyses of endogenous insulin gene activity in β-cells from 
Ins2GFP knock-in mice revealed the existence of high and low activity 
states for the Ins2 gene, that are dynamic on a scale of hours to days. 
Cells with higher Ins2 expression have a more mature β-cell profile 
but are also more sensitive to ER stress-induced death. However, no 
proteomic comparison has been done of the states and the signalling 
mechanisms underlying these state transitions are not well defined.
Materials and methods: In this study, we performed mass spectrom-
etry-based proteomics to further characterize the high and low insulin 
expression states. We used small molecule drugs to perturb known 
signalling functions in β-cells from Ins2GFP knock-in mice with the 
aim of influencing Ins2 gene dynamics. Compounds include activa-
tors and inhibitors of transcription, translation, ER stress response, 
insulin signaling, and proteasome. We performed live-cell imaging, 
and quantified the effects of these compounds with hierarchical clus-
tering, single cell fluorescent tracking analyses, and cell death assays.
Results: Differential expression analyses on proteomics data also 
revealed that the high insulin expression state has a more mature β-cell 
profile, consistent with our single cell RNA sequencing data. Several 
compounds, including GLP-1 and IBMX, increased the ratio of cells 
transitioning from the low insulin expression state into the high insulin 
expressing state. Interestingly, we also found that a subset of drugs 
increased insulin gene expression, but also resulted in rapid cell death 
after 48 hours.
Conclusion: We provide the first comprehensive characterization for 
the two insulin expression states on the protein level. Our results show 
that perturbations on β-cell function can impact cellular expression 
state transitions and provide insight on how the two cell states respond 
differently to these treatments. Understanding cellular state transitions 
of insulin producing cells has relevance for understanding diabetes 
and β-cell biology.
Supported by: JDRF
Disclosure: J. Chu: None.

419
Novel interaction between Nkx6.1 and Pdx1 is needed for proper 
beta cell function
J.S. Tessem1, C.C.  Littlefield1, J.T.  Hill2, J.C.  Price3;
1Nutrition, Dietetics and Food Science, Brigham Young University, 
Provo, UT, USA, 2Cell Biology and Physiology, Brigham Young 
University, Provo, UT, USA, 3Chemistry and Biochemistry, Brigham 
Young University, Provo, UT, USA.

Background and aims: The beta cell transcription factor Nkx6.1 
is critical in pancreatic progenitor cells and mature beta cells. The 
pathways regulated by Nkx6.1 that results in these phenotypes are 
still being defined. We sought to define the transcriptional factors that 
interact with Nkx6.1 that are essential for activating Nkx6.1 mediated 
pathways to enhance functional beta cell mass.
Materials and methods: INS-1 832/13 beta cells were transduced 
with AdCMV-Nkx6.1-BioID, AdCMV-GFP-BioID or left untreated. 
Biotinylated proteins were isolated and the Nkx6.1 interactome was 
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defined using liquid chromatography-tandem mass spectrometry. 
Potential binding partners were analyzed by biotin-targeted immu-
noprecipitation with western blot. Endogenous interaction of Nkx6.1 
with binding partners was validated with immunoprecipitation with 
western blotting. INS-1 832/13 cell lines lacking either Nkx6.1 or 
putative binding partners were built using CRISPR mediated deletion. 
Changes in putative coregulated Nkx6.1 and binding partner target 
genes were validated by qPCR.
Results: We defined 176 biotinylated proteins in cells transduced 
with AdCMV-Nkx6.1-BioID that were not observed with AdCMV-
GFP-BioID or naturally biotinylated proteins from untreated lysates. 
These potential Nkx6.1 interacting proteins are enriched in nucleotide 
binding, ribosomal proteins, and transcription factors. Among the 
enriched transcription factors, we validated that Pdx1 is biotinylated 
in response to transduction with AdCMV-Nkx6.1 using biotin-tar-
geted immunoprecipitation and western blot. To examine if Pdx1 
is likely to interact with Nkx6.1 on the genome, we analyzed the 
frequency of proximal binding sites for Nkx6.1 and Pdx1 and dem-
onstrated that Pdx1 and Nkx6.1 binding sites in close proximity were 
statistically overrepresented in the genome. Given the role of Pdx1 on 
functional beta cell mass, we further characterized the interaction of 
endogenous Nkx6.1 and Pdx1 by co-immunoprecipitation (Co-IP). 
Our data demonstrates significant Pdx1 binding by Nkx6.1 Co-IP 
and significant Nkx6.1 binding by Pdx1 Co-IP, as compared to Co-IP 
with the IgG control. Finally, we demonstrate coregulation of Unc3 
expression by Nkx6.1 and Pdx1 and demonstrate that CRISPR medi-
ated deletion of either Nkx6.1 or Pdx1 is sufficient to impair INS-1 
832/13 mediated expression of Unc3.
Conclusion: These data define potential Nkx6.1 binding partners in 
INS-1 832/13 cells, as well as novel interaction between Nkx6.1 and 
Pdx1 in the regulation of Unc3. These findings demonstrate potential 
new Nkx6.1 interacting partners that may be explored as putative 
pathways to enhance functional beta cell mass.
Supported by: NIH NIDDK R15
Disclosure: J.S. Tessem: None.

420
Islet maturation and ageing is governed by the Hnf1a transcrip-
tion factor
A.F. Mathisen, T.A. Legoy, U. Larsen, L. Ghila, S. Chera;
Clinical Department 2, University of Bergen, Bergen, Norway.

Background and aims: Ageing is one of the major risk factors in 
the disruption of glucose homeostasis and onset of diabetes. The age-
related deregulation of various processes such as cell cycle progres-
sion and cellular stress have been tied to this increased risk. However, 
the underlying molecular landscape that govern these age-dependent 
disruptions of islet homeostasis are largely unknown and remain an 
unexplored avenue for novel strategies in diabetes prevention. Our 
study aimed to further our understanding of maturation and ageing in 
the pancreatic islet, and to unveil novel mechanisms that contribute 
to the age-related decline of islet homeostasis.
Materials and methods: Bulk transcriptomics was performed on 
isolated islets from several mouse strains at four time-points between 
the ages of six and 40-weeks of age (n=3-5 mice per time point). 
Timelines of maturation and ageing were constructed by comparing 
mice of various ages using Ingenuity pathway analysis (IPA), and 
strain-specific mechanisms were identified through cross strain com-
parisons. The transcriptomics data was matched with physiological 
data describing glucose metabolism and islet architecture.
Results: One of the main regulators of islet ageing is the MODY3 
gene Hnf1a, appearing to contribute to an age-related decline in islet 
markers and appearance of a metabolic disorder signature. Comparing 
the ageing of WT C57BL6/J mice to mice with β-cells, deficient in 

Hnf1a (RIP-Cre Hnf1aHTZ), revealed an age-dependent onset of Hnf1a 
governed dysregulation. Furthermore, it was discovered that meta-
bolic pathways in the maturing Hnf1a deficient mice had an inverse 
regulatory pattern, when compared to WT maturation. This suggest 
that Hnf1a plays an important role in the activation of a normal matu-
ration program. Our analyses also revealed that immune regulation 
followed an inverse pattern of Hnf1a regulation in ageing. By investi-
gating ageing in immune-deficient mice, it was uncovered that in the 
absence of a functioning immune system, the age-dependent Hnf1a 
regulation does not occur, resulting in sustained Hnf1a activity and 
improved expression of islet signature genes. This implies a regu-
latory loop between the immune system and Hnf1a, which heavily 
influences ageing in the islets.
Conclusion: Our study has revealed the molecular landscape in the 
ageing islet, improving our understanding of mechanisms that could 
contribute to age-related disruption of islet homeostasis. We uncov-
ered that Hnf1a appears to play an essential role in maturation and 
ageing of the islets, and key regulator in the activation of a healthy 
ageing program in the islet. Furthermore, it appears that the immune 
system acts in along with Hnf1a in a feedback loop that governs islet 
maturation.
Supported by: NRC
Disclosure: A.F. Mathisen: None.

421
Effect of mitochondrial fission in glucagon secretion after long 
term free fatty acids treatment
Q. Wen, N. Afrin, A. Fatallah, A.I. Chowdhury, P. Bergsten;
Medical cell biology, Uppsala university, Uppsala, Sweden.

Background and aims: The prevalence of obesity and type 2 diabetes 
(T2DM) among children and adolescent has soared in the past decades 
worldwide. High levels of free fatty acids (FFAs) are associated with 
elevated glucagon levels, which is a common feature for both children 
with obesity and T2DM. FFAs were reported to alter mitochondrial 
fusion and fission balance, thus contributing in the development of 
T2DM or obesity. Although fusion and fission machinery were well 
studied in beta cells, its role on alpha cells is less clear. In this study, 
we aim to investigate mechanisms of how changes in mitochondrial 
dynamics in pancreatic alpha cells, especially fission, play role on 
glucagon secretion after long term FFA exposure.
Materials and methods: Mouse alpha TC1 (αTC1) cells were cul-
tured with or without 0.25mM palmitate for 1 day. Glucagon secretion 
was measured at 2mM and 11mM glucose by ELISA and Oxygen 
Consumption Rate (OCR) was measured by Seahorse  XFe96. Mito-
chondrial fission protein, Dynamin Related Protein 1 (DRP1) was 
determined by western blot. To dissect mechanisms how DRP1 plays 
role on glucagon secretion, DRP1 was knocked down by siRNA and 
inhibited by Mdivi-1.  RT2 profiler PCR array for glucose metabolism 
was also analysed in palmitate treated alpha cells.
Results: Palmitate treatment increased glucagon secretion by 2-fold 
(p<0.05) compared with control from αTC1 cells after 24 hours treat-
ment. Palmitate treatment increased both ATP production and maxi-
mal respiration capacity by approximately 1.5-fold(p<0.05) com-
pared to control. DRP1 protein was up-regulated by approximately 
1.5-fold(p<0.05) after palmitate treatment and knocking down as well 
as inhibition of DRP1 decreased palmitate induced glucagon secretion 
from αTC1 cells. The genes related to glucose metabolism was also 
altered. Among the 84 transcripts that were detected 44% were at least 
0.5-fold down-regulated and 5% was at least 0.3-fold up-regulated.
Conclusion: Long term palmitate treatment increases glucagon secre-
tion by increasing mitochondrial fission protein DRP1 and by chang-
ing genes related to glucose metabolism.
Disclosure: Q. Wen: None.



S217Diabetologia (2023) 66 (Suppl 1):S1–S536 

1 3

422
Cholinergic modulation of pancreatic hormone secretion is 
dependent on vagus nerve anatomical integrity
C.B. Lobato1,2, J.J.  Holst1,3;
1Department of Biomedical Sciences, Faculty of Health and Medi-
cal Sciences, University of Copenhagen, Copenhagen, Denmark, 
2Department of Medicine, Hvidovre Hospital, Hvidovre, Denmark, 
3Novo Nordisk Foundation Center for Basic Metabolic Research, 
Faculty of Health and Medical Sciences, University of Copenhagen, 
Copenhagen, Denmark.

Background and aims: The parasympathetic nervous system, via 
vagus nerve, is a regulator of the endocrine pancreas. The stomach 
contains intramural autonomic ganglia, and is an important source 
of somatostatin. Somatostatin tonic secretion suppresses glucagon 
secretion at euglycemia. Cholinergic vagal activation at hypoglycemia 
suppresses somatostatin secretion, thus possibly stimulating glucagon 
secretion. Our aim was to investigate the role of vagus nerve anatomi-
cal integrity in modulating pancreatic endocrine secretion.
Materials and methods: In situ, rat pancreas (A); and pancreas and 
stomach (B) were perfused. Under deep anesthesia, rectum, colon, 
ileum, distal jejunum, and spleen were removed and kidneys were 
vascularly excluded. Surgical removal of stomach was performed in 
A only. Single pass isolated organ perfusion was achieved by cath-
eterization of the abdominal aorta (stimulation) and pre-hepatic por-
tal vein (output). The animals were euthanized and organ perfusion 
equilibrated for 30 minutes using Krebs-Ringer bicarbonate buffer 
supplemented with 5mM pyruvate, pH adjusted to 7.4-7.5, enriched 
with O2/CO2 and warmed to 39oC. Perfusion rate was fixed at 5mL/
min, and perfusate was sampled every minute. At euglycemia (glu-
cose 6.0mM, experiments 1; A: n=3; B: n=4), acetylcholine (Ach) 
at concentrations of 0.1μM, 1μM and 10μM was infused to simulate 
cholinergic stimulation. Ach 1μM was also perfused at eu- and low 
glucose (6.0mM and 1.5mM; experiments 2; A: n=3; B: n=2). L-Arg 
10mM was infused in the end of all experiments (positive control). 
Glucagon, somatostatin (SST) and insulin levels were measured by 
radioimmunoassay. Total hormone output was calculated.
Results: Ach 0.1μM, 1μM, 10μM (Exp. 1, N=7) enhanced gluca-
gon (+288%, +270%, +170%) and insulin (+72%, +103%, +91%) 
secretion, independently of SST secretion. In 1A, Ach stimulated 
pancreatic SST secretion (1A: -7%, +61%, +40%). In contrast, in 
1B, Ach powerfully inhibited SST secretion when both the stomach 
and the pancreas were perfused (1B: -55%, -41%, -6%; Figure). In 
experiments 2, low glucose stimulated glucagon and inhibited insulin 
secretion, with as well as without Ach co-infusion. As for SST, the 
secretion was again dependent on surgical preparation (A or B) and 
on cholinergic stimulation, rather than on glucose variation (Exp. 2).
Conclusion: Cholinergic activity stimulates both glucagon and insulin 
secretion. Yet, it holds a paradoxically distinct activity over SST secre-
tion pattern, whether or not anatomical preservation of the vagus nerve 
is achieved and/or the stomach is co-perfused. The potential impact of 
these findings for improving our understanding of pancreatic endocrine 
regulation in relation to gastrointestinal surgery remains unexplored.

Supported by: Danish Diabetes Academy (NNF17SA0031406); “la 
Caixa” Foundation (100010434, LCF/BQ/EU21/11890081)
Disclosure: C.B. Lobato: None.

423
Decoding pancreatic endocrine cell differentiation and beta cell 
regeneration in Zebrafish
O. Andersson, J. Mi, K.-C. Liu;
Karolinska Institutet, Stockholm, Sweden.

Background and aims: In contrast to mammals, zebrafish possess an 
exceptional yet elusive ability to replenish lost beta-cells in adulthood. 
Understanding this framework would provide mechanistic insights for 
beta-cell regeneration, which may be extrapolated to human.
Materials and methods: By combining single-cell transcriptomics and 
a newly developed knock-in method we generate transgenic zebrafish, 
which enable lineage-tracing of the pancreatic duct. Immunohisto-
chemistry and confocal imaging visualize the morphology of the pan-
creas, whereas single-cell transcriptomics delineate the characteristics 
of the lineage-traced duct and its differentiated descendants.
Results: Here, we identify a novel krt4-expressing ductal cell type, which 
is distinct from the putative Notch-responsive cells, showing neo-genic 
competence and giving rise to the majority of endocrine cells during 
post-embryonic development. Furthermore, we demonstrate a dramatic 
ductal remodeling process featuring a Notch-responsive to krt4+ lumi-
nal duct transformation during late development, indicating several ori-
gins of krt4+ ductal cells characterized by transcriptional convergence. 
Single-cell transcriptomics upon a series of timepoints during beta-cell 
regeneration unveil a previously unrecognized dlb+ transitional endocrine 
precursor cell, distinct regulons, and a differentiation trajectory involving 
cellular shuffling through differentiation and de-differentiation dynamics.
Conclusion: These results establish a new model in zebrafish pan-
creatic endocrinogenesis and highlight key values of zebrafish for 
translational studies of beta-cell regeneration.
Disclosure: O. Andersson: None.

424
Mechanism of beta cell failure in diabetes and the associated 
single-cell gene expression change
N. Sinha, V.A. Salunkhe, S. Hua, A.H. Rosengren;
Department of Physiology, Gothenburg university, Gothenburg, 
Sweden.
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Background and aims: Type 2 diabetes (T2D) is an escalating health 
problem of enormous proportions. Although existing drugs reduce 
hyperglycemia, they fail to stop the gradual beta-cell failure that is 
the key determinant of disease progression. There is consequently 
an urgent need for improved knowledge of the cellular mechanisms 
that cause beta-cell failure. Aim: To investigate the gene expression 
changes in beta-cells of different functional pools.
Materials and methods: We used a new method to separate pools 
of low and high-responding beta-cells to glucose which enabled us 
to compare single-cell secretory function with gene expression using 
single-cell RNA-seq in both rodent and human tissue.
Results: Using single-cell RNA sequencing (scRNA-seq), we identi-
fied 157 genes that differ between function pools in non-diabetic and 
diabetic conditions. The genes are involved in pathways related to 
insulin secretion, dedifferentiation, membrane trafficking, and meta-
bolic pathways.
Conclusion: Our study shows that scRNA-seq can be used to deter-
mine the cellular heterogeneity of the islet and to characterize the 
transcriptional profiles of individual cells. These findings provide 
new insights into the mechanisms underlying beta-cell failure. Moreo-
ver, scRNA-seq has facilitated the identification of rare subpopula-
tions of cells that may be crucial in diabetes pathogenesis. By pre-
cisely defining the phenotype and proportion of cellular pools in both 
diabetic and non-diabetic conditions, we gain a more comprehensive 
understanding of beta-cell failure and potentially identify new targets 
to preserve beta-cell function, which is an urgent clinical requirement.
Supported by: Swedish Research council
Disclosure: N. Sinha: None.

SO 16 Different approaches to study 
hormone secretion regulation

425
Islets-on-microfluidic chips to monitor their electrical activity 
and hormone secretion
M. Lallouet1, M.  Monchablon1,2, E.  Puginier1, T.  Sawatani3, S. 
 Renaud2, M.  Cnop4,5, M.  Raoux1, J.  Lang1;
1Université de Bordeaux, CNRS, CBMN, Pessac, France, 2Université 
Bordeaux, CNRS, IMS, Talence, France, 3ULB Center for Diabetes 
Research, Brussels, Belgium, 4ULB Center for Diabtes Research, 
Brussels, Belgium, 5Division of Endocrinology, Erasmus Hospital, 
Brussels, Belgium.

Background and aims: In pancreatic islets, electrical activity and insulin 
secretion are major functional parameters to assess β-cell activity. As we 
have shown previously, extracellular electrophysiology using microelec-
trode arrays (MEA) allows long-term monitoring and automated data 
read-out. MEAs record slow potentials, generated by coupling of beta-
cells, and single cell action potentials, providing a multiparametric read-
out. The use of microfluidics in this context permits to correlate electrical 
activity and hormone secretion, and furthermore to establish a module 
that is amenable to multiplexing and can be integrated in a multi-organ 
chip circuit. Our aim here was to develop such an islet-chip and evaluate 
its use for mouse islets in general, and for two test cases: the characterisa-
tion of iPSC-derived pseudo-islets and the investigating of an inducible 
transgenic model, i.e. islets from GluDTR mice lacking alpha-cells.
Materials and methods: Mouse islets were obtained from male 
C57BL/6J or transgenic GluDTR mices (on C57BL/6N background); 
human pseudo-islets by differentiating the iPSC lines HEL115.6 and 
1023A. Fluids were controlled by a Fluigent system. Samples were 
collected using a microdialysis microfraction collector FC-90, sim-
ulations were run in COMSOL. PDMS microfluidic devices were 
moulded from SU8 or resin wafers and aligned on commercial MEAs 
in a clean room. Our chip contains two separate ellipsoid chambers 
(4x2.5 mm, 22 electrodes) for islet deposition culture and analysis, 
closable with 3D printed plugs, inlets and outlets (width 0.75 mm). 
Extracellular field potentials were acquired at 10 kHz, amplified, and 
band-pass filtered at 0.1-3,000 Hz with a USB-MEA60-Inv-System-E 
amplifier (MCS) controlled by MC_Rack software (v4.6.2, MCS). 
Electrophysiological data were analyzed with MC_Rack software. 
Hormone secretions were determined by ELISA (Mercodia).
Results: Electrical signals were stable up to a flow rate of 70 μl/min, 
equal in both chambers, and glucose increased from 3 to 11 mM in 6 
min homogeneously on the electrodes, according to optical controls, 
glucose measurements and to simulations (COMSOL). The rise in 
glucose produced a biphasic electrical and secretory response. Insulin 
secretion increased 12-fold in the first phase and 4-fold in the second 
phase compared to 3 mM glucose. In line with insulin secretion data, 
pseudo-islets derived from iPSC HEL115.6, but not those derived from 
1023A, responded well in terms of electrical signals to increases in glu-
cose, amino acids, and forskolin. Finally, comparison of αGluDTR islets 
with corresponding controls indicated a diminished electrical activity 
for amino acids (AA, in the presence of 8mM glucose, G8), but not for 
glucose alone (G8), whereas insulin secretion was reduced significantly 
at G8 (-62+9%, 2p 0.01) and at G8 +AA (-81+9%, 2p<0.001).
Conclusion: This microfluidic islets-on-chip device allows islet cul-
ture, simultaneous determination of key parameters of islet activity 
and direct comparison of preparations. Whereas electrical activity of 
iPSC derived islets was in line with insulin secretion, a discrepancy 
was apparent for the GluDTR model suggesting altered mechanisms 
distal from nutrient induced ion fluxes.
Supported by: ANR FUN-NET; MENR thesis grant
Disclosure: M. Lallouet: None.
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Microfluidic muscle-islet-on-chip for functional investigations in 
diabetology
D. Chapeau1, M.  Monchablon1,2, E.  Papasavva1, F.  Bouvet1, A. 
 Milochau1, A.  Pirog2, P.  Scotti1, J.  Lang1, S.  Renaud2, A.  Bouter1, 
M.  Raoux1;
1Univ. Bordeaux, CNRS, Bordeaux INP, CBMN, UMR 5248, Pessac, 
France, 2Univ. Bordeaux, CNRS, Bordeaux INP, IMS, UMR 5218, 
Talence, France.

Background and aims: Nutrient homeostasis and its alterations rely 
on complex interorgan regulations difficult to monitor in vivo, while 
in vitro approaches are limited to single-organ without long term 
continuous monitoring. We had previously established microfluidic 
islet-on-chips based on real time functional monitoring with micro-
electrode arrays. We aim at adding other organs to this microphysio-
logical system. Skeletal muscle-on-chips have been developed mainly 
to study the contraction but very little for their interplay with islets 
in the metabolism. Combining these organs requires common media 
compatible with long term investigations. Myotubes are currently 
generated through a two-step protocol using two media, which are 
not compatible with islets culture, very expensive and result in myo-
tubes viable for few days only. In the present study, we pioneered a 
single-step differentiation protocol of myoblasts into myotubes using 
the islet medium.
Materials and methods: Human LHCN-M2 (male, 41 yo, pecto-
ral muscle) and KM1421 (female, 13 yo, paravertebral) myoblasts 
were differentiated into myotubes with the two standard muscle 
media or with the islet medium. Nuclei were stained to determine 
fusion indexes (FI) and sarcomeres were stained for troponin T and 
α-actinin. Functional tests were performed on myotubes incubated 
successively 3h at 3 mM glucose, 15 min at 3 mM glucose with 
insulin and 30 min at 8.2 mM glucose with insulin.
Results: Our single-step protocol with the islet medium generated 
after only 4 days long plurinucleated LHCN-M2 myotubes contain-
ing typical sarcomeric structures stained with continuous troponin 
T and punctiform α-actinin (FI 29.5±6.0%, N=5 indep. exp.) as in 
myotubes obtained with the two-step protocol with muscle media 
(FI 35.4±4.5%, N=5). Kinetics of FI showed that myotubes were 
more stable between day 4 and day 11 in islet medium than in 
muscle media. Importantly for the organ-on-chip, myotube life-
times were improved in the islet medium since myotubes were 
still present at day 14 (FI 25.6±3.4%), but not in muscle media 
(N=3-6). Myotube formation in islet medium was independent of 
insulin level since FI were similar for LHCN-M2 or KM1421 cells 
cultured with different insulin concentrations from 0 to 1.3 μM (FI 
42.8±1.9%). Functional characterizations showed that myotubes 
in islet medium responded to insulin at physiological concentra-
tions (i.e. ≤1 nM) by increasing the pAkt/Akt ratio (0.79±0.14 
without insulin, 1.04±0.03 at 0.5 nM, 1.27±0.14 at 100 nM, N=2-
4), a translocation of GLUT4 at the plasma membrane (N=3), the 
incorporation of the fluorescent glucose 2-NBDG (N=3), and a 
reduction of extracellular glucose concentrations within 30 min by 
0.41±0.03, 0.52±0.08 and 0.77±0.22 mM upon 0.1, 1 and 100 nM 
insulin, respectively (N=2-3). Finally, human myotubes were suc-
cessfully differentiated in islet medium in our chips of electrodes 
and cocultured under rotary flow with islets in communicating 
compartments.
Conclusion: The combination of this human muscle-on-chip mod-
ule with our islet-on-chip system in a common medium will allow 
unprecedented continuous exploration of interorgan regulations, the 
investigation of the functional impact of mutations, and ultimately to 
progress towards diabetes-on-chip systems.
Supported by: French ANR
Disclosure: D. Chapeau: None.
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IDE deficiency leads to the preferential accumulation of older 
insulin secretory granules
L.-M. Kretschmar1, K.-P.  Knoch1, O.  Topcheva1, M.  Neukam2, A. 
Sönmez1, K. Ganß1, C. Münster1, A. Müller1, P. van  Endert3, M. 
 Solimena1;
1Molecular Diabetology, Paul-Langerhans Institut Dresden, Dresden, 
Germany, 2Developmental Biology, Stanford University School of 
Medicine, Stanford, CA, USA, 3Immunology, Infectiology and Hae-
matology, Institut Necker-Enfants Malades (INEM), Paris, France.

Background and aims: The insulin degrading enzyme (IDE) is an 
ubiquitously expressed  Zn2+ metalloprotease which degrades several 
small peptides associated with glucose homeostasis, including insulin. 
Several studies suggest that IDE is also involved in the regulation of 
the unfolded protein response and ER cell stress. Polymorphisms in 
the IDE locus are associated with susceptibility to type 2 diabetes. 
Within beta cells IDE is thought to be cytosolic, possibly associated 
with endosomes or peroxisomes, leaving unclear how it could interact 
with insulin. In this study we aim to investigate further how lack of IDE 
affects insulin homeostasis and beta cell metabolism.
Materials and methods: Cultured wildtype and Ide-/- INS1 cells 
were acutely exposed to 2.8 and 25 mM glucose. Luminescence 
assays and western blots were employed to investigate beta cell 
metabolism. Insulin levels were measured by HTRF. Transfection 
of an Insulin-SNAP construct enabled the distinct labelling of 2-4-
hour- and 24-26-hour-old secretory granules for imaging and protein 
analysis via ELISA.
Results: Co-immunostainings with different cell compartment mark-
ers indicate a cytosolic localization of IDE. In Ide-/- INS-1 cells the 
unfolded protein and amino acid responses were increased by 50 
±14.3% (n=3, p=0.05) and 70±7.4%, (n=3, p=0.009) relative to 
wild-type INS-1 cells, respectively. Trypsin-, chymotrypsin-, and cas-
pase-like proteasome activities were decreased to 67.5±19.1% (n=5, 
p=0.02), 64.4±28.2% (n=5, p=0.05) and 53±33% (n=5, p=0.03) rela-
tive to wild-type INS-1 cells, respectively. Apoptosis and prolifera-
tion rates were unchanged. In contrast to the proinsulin content, which 
was unchanged, the insulin content was enhanced by western blot 
and HTRF measurements. Notably, in Ide-/- cells both 2-4-hour- and 
24-26-hour-old Insulin-SNAP were increased by ~3 (n=5, p=0.001) 
and ~12.5 fold (n=5, p=0.01), respectively, although the levels of 
particles positive for the autophagy marker LC3 were also enhanced 
by immunofluorescence microscopy (wildtype INS-1 cells: 5.1±3.1 
 LC3+ particles/cell; Ide-/- INS-1 cells: 9.1±3.8  LC3+ particles/cell; 
p=0,0000082).
Conclusion: Ide-/- INS-1 cells display elevated levels of insulin, 
with the preferential accumulation of older insulin granules, point-
ing to their reduced turnover despite the increased levels of LC3-II/
autophagy. We propose therefore that IDE regulates the intracellular 
disposal of aged insulin granules by affecting their autophagy-medi-
ated delivery to multigranular bodies/lysosomes.
Supported by: DFG SO 818/6-1 (BETASTRESS)
Disclosure: L. Kretschmar: None.
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Impact of pancreatic PCSK9 on intracellular organelles distribu-
tion and dynamics in beta cells: implication in insulin processing 
and secretion
C. Perego1, A.  Galli1, N.  Dule1, L. Da  Dalt1, G.  Finzi2, S. La  Rosa2, 
G.D.  Norata1;
1DiSFeB Dept of Pharmacological and Biomolecular Sciences, Uni-
versità degli Studi di Milano, Milan, Italy, 2Department of Medicine 
and Surgery, University of Insubria, Varese, Italy.
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Background and aims: The proprotein convertase subtilisin/kexin 
type 9 (PCSK9) is crucially involved in regulating cholesterol levels 
in humans by modulating the degradation of the low-density lipopro-
tein receptor in the liver. PCSK9 is also expressed in the pancreas, 
and its genetic variants are also associated with higher plasma glu-
cose levels and an increased risk of type 2 diabetes mellitus (T2DM), 
suggesting a direct role of the protein in this organ. In line with this, 
we have recently found that pancreas specific Pcsk9 null mice are 
glucose intolerant and that PCSK9 depletion in mouse β-cells inhibits 
glucose-stimulated insulin secretion. The aim of this study was to 
dissect the impact of PCSK9 on the secretory pathway, highlighting 
its possible involvement in regulating the architecture, dynamics and 
crosstalk of intracellular organelles.
Materials and methods: INS1E cells were transfected with Pcsk9 
siRNA or cDNA and their effects on intracellular organelle structure 
and dynamics were assessed by electron microscopy (EM) and super-
resolution fluorescence microscopy. Fluorescent sensors specifically 
targeted to the organelles and ELISA assays were used to monitor 
organelles dynamics and insulin biosynthesis and secretion. Major 
findings were confirmed in islets isolated from mice lacking Pcsk9 
selectively in the pancreas (Pdx1Cre/Pcsk9 fl/fl).
Results: Electron microscopy experiments performed in β-cell lines 
with increased or blunted PCSK9 expression, revealed that PCSK9 
modulation has an impact on the organization of the early secretory 
apparatus. Enlarged endoplasmic reticulum cisternae, hypertrophic 
trans-Golgi network, reduced insulin granules formation and matu-
ration were detected in both conditions. In line with this possibility, 
increased proinsulin/insulin ratios and decreased number of insulin 
granules in the ready releasable pool were detected, thus suggesting 
that a balanced level of PCSK9 is required to preserve β-cell function-
ality. Interestingly, not only changes in the early secretory pathways 
were detected but also modification in the architecture and distribution 
of different organelles, supporting the possibility that PCSK9 modula-
tion may have an impact on crosstalk between intracellular organelles. 
We are now characterizing whether these effects are due to modifica-
tion of the PCSK9-LDLR-cholesterol axis or are mediated by a direct 
intracellular action of the convertase in the biosynthetic pathway.
Conclusion: Our data establish pancreatic PCSK9 as a new critical 
regulator of organelles architecture and crosstalk in β-cells and sug-
gest that a homeostatic level of this protein is required in the pancreas 
to preserve β-cell functionality. Clarifying the mechanisms of action 
of this convertase family member in the pancreas is essential to better 
harness the potential of currently available PCSK9 inhibitors.
Disclosure: C. Perego: None.

429
Effects of a bitter tasting substance, denatonium benzoate, on 
pancreatic hormone secretion
C.K. Rayner, W. Huang, S.E. O’Hara, C. Xie, L.M. Nicholas, T. Wu;
Adelaide Medical School, The University of Adelaide, Adelaide, 
Australia.

Background and aims: There is increasing evidence linking bit-
ter taste receptor (BTR) signalling to glucose homeostasis. In both 
rodents and humans, exposure of the gastrointestinal tract to bitter 
tasting substances, e.g. quinine and denatonium benzoate (DB), trig-
gers glucagon-like peptide 1 (GLP-1) release to augment insulin 
secretion and reduce elevated glycaemia. However, effects of bitter 
tastants beyond the gut have been poorly characterised. This study 
examined the effect of a bitter tastant, DB, on insulin secretion from 
a rodent β-cell line and isolated mouse islets.
Materials and methods: INS-1 832/13 cells and pancreatic islets from 
8-week old healthy male C57/Bl6 mice were cultured in the presence of 
different concentrations of DB (0, 0.1, 0.5, 1, 3 and 5mM) at both low 

glucose (2.8mM, ‘2.8G’) and high glucose concentrations (16.7mM, 
‘16.7G’). Furthermore, INS-1 832/13 cells and islets were incubated 
with or without 0.5mM DB in the presence and absence of diazoxide 
(250μM,  KATP channel opener),  exendin9-39 (0.5μM, GLP-1 receptor 
antagonist), probenecid (1mM, BTR antagonist), to investigate their 
role in DB-induced insulin secretion. Insulin was measured using 
the Millipore ELISA kit. Islet cell viability after exposure to DB was 
assessed using CellEvent apoptosis kit (ThermoFisher). Data are mean 
± SEM.
Results: At 2.8G, insulin secretion from INS-1 832/13 cells was 
augmented modestly and progressively with increasing doses of 
DB (0.1-5mM) (P<0.0001). At 16.7G, insulin secretion increased 
substantially by DB (P<0.01) with a peak at 0.5mM, followed by 
progressive decline at higher concentrations. Insulin secretion from 
INS-1 832/13 cells in response to 0.5mM DB was markedly attenu-
ated by probenecid at 2.8G (P<0.001), and by diazoxide at 16.7G 
(P<0.005), with no effect of  exendin9-39. In islets, insulin secretion 
in response to DB at both low and high glucose was highest at 0.5 
and 1mM, followed by progressive decline at higher concentrations. 
The magnitude of insulin secretion was greater at 16.7G compared 
to 2.8G (P<0.05 each) (Figure 1A). Measurement of islet cell viabil-
ity showed increased apoptosis in response to 5mM DB (P<0.05). 
Insulin secretion from islets at 16.7G in the presence 0.5mM 
DB was attenuated by both diazoxide (P<0.001) and  exendin9-39 
(P<0.001), but was not affected by probenecid (Figure 1B).
Conclusion: The bitter tastant, DB, stimulates insulin secretion from 
pancreatic β-cells. This effect is likely to be mediated in part by clo-
sure of  KATP channels and stimulation of BTR within β-cells, but also 
indirectly by a paracrine action of GLP-1 signalling within the islet.

Supported by: The University of Adelaide
Disclosure:  C.K. Rayner:  Grants;  AstraZeneca, Merck 
Sharp&Dohme, Eli Lilly, Novartis, Sanofi. Stock/Shareholding; 
Satiogen, Glyscend.
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Pleiotrophin: a new player in the morphology and functioning 
of the pancreas
C. Ballesteros-Pla1, J.  Sevillano1, M. Sánchez-Alonso1, M. 
 Limones1, J.  Pita1, J. Pizarro  Delgado1, A.  Izquierdo2, G. Medina 
Gómez2, I. Valladolid-Acebes3, G. Herradón1, M. Ramos Álvarez1;
1CEU San Pablo University, Madrid, Spain, 2Universidad Rey Juan 
Carlos, Madrid, Spain, 3Karolinska Institutet, Stockholm, Sweden.

Background and aims: Pleiotrophin (PTN) is a cytokine highly 
expressed during embryonic development and cell differentiation 
that has recently been described to modulate metabolic homeostasis, 
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metainflammation, thermogenesis, insulin sensitivity and adipose tis-
sue browning. This study aims to determine the effects of pleiotrophin 
on the glucose tolerance and on the morphology and functioning of 
the pancreatic islets in a Ptn genetically deficient (Ptn−/−) mice model.
Materials and methods: Glucose tolerance, islet size distribution, 
insulin and glucagon immunoreactivity and glucose-stimulated 
insulin secretion (GSIS) in isolated islets were analyzed in 9 and 15 
months Ptn+/+ and Ptn-/- female mice.
Results: Old Ptn-/- (15 months) mice exhibited significantly lower 
plasma glucagon levels (319±59 in Ptn+/+ mice vs 183±33 pg/ml in 
Ptn-/- mice; p<0.05), hyperinsulinemia (0.50±0,12 vs 0.9±0.07 μg/L; 
p<0.01), higher HOMA-IR ( 0.47±0,14 vs 1,2±0.14; p<0.01) and 
glucose intolerance ( 10945 ± 462 vs 12885±642 for AUC glucose in 
GTT; p<0.05). Ptn deficiency affects the size-number distribution of 
pancreatic islets in 9- and 15-months old mice. In Ptn+/+, the distribu-
tion of size was significantly different across categories of age (p< 
0.033). The median pancreatic islets size increased in later stages of life 
(180.2 μm at 9 months and 206.7 μm at 15 months). Accordingly, the 
proportion of small pancreatic islets in Ptn+/+significantly diminished 
with age (p=0.0097). In Ptn−/− mice the median islet size decreases 
with age (206.9 μm at 9 months and 171.3 μm at 15 months, p<0.025). 
Moreover, the percentage of small islets increased and the number of 
big islets diminished in later stages of life in Ptn-/- mice (p=0.0003). 
Furthermore, we found an altered insulin and glucagon immunore-
activity in the pancreas of the Ptn-/- mice suggesting a break in the 
crosstalk between β-cell to α-cell communication. Immunofluorescence 
analysis at 9 months of age, revealed an increment in the insulin content 
accumulation in Ptn -/- mice (p<0.05). Similarly, 15 months old mice 
pancreatic sections showed an increase in the fluorescent signal from 
immunopositive β-cells of Ptn-/- when compared to Ptn+/+ (p<0.01). 
Finally, both basal insulin secretion (2.5 mM) and glucose-stimulated 
insulin secretion (25 mM) were reduced by 50% in isolated pancreatic 
islets from 15 months Ptn-/- mice when compared to control animals 
(p<0.05). These data suggest that the deletion of Ptn renders mice with 
decreased insulin secretion response.
Conclusion: Pleiotrophin could play a role in the glucose tolerance and 
in the pancreatic islet morphology and functioning.
Supported by: PID2021-123865OB-I00 P2022/BMD-7227
Disclosure: C. Ballesteros-Pla: None.
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A novel actin filament remodelling protein regulating beta cell 
function
L. Martin Diaz1, M.  Patrikainen1, R.  Parveen1, V.  Chandra2, J. Saa-
rimäki2, J.  Laiho1, H. Hyöty1, T.  Otonkoski2, K.  Viiri1;

1Tampere University, Tampere, Finland, 2University of Helsinki, Hel-
sinki, Finland.

Background and aims: Protein X (PX) is a filamentous-actin remode-
ling protein necessary for the regulated secretion of different molecules. 
We have located this protein specifically in the beta-cells of human and 
mouse pancreas. Besides, this has been confirmed in human islets and 
human embryonic stem cell-derived pancreatic islets. The aim of this 
study is to unveil the function of protein X in beta-cells.
Materials and methods: Human (EndoC-βH1) and mouse (MIN-6) 
beta-cell lines were used as cellular models. Subcellular fractiona-
tion and confocal microscopy were employed to determine protein X 
intracellular localization. Protein X was silenced in vitro using small 
interfering RNAs (siRNA, silencing efficiency ≥ 80%). Changes 
at the transcriptome level were analyzed by quantitative RT-PCR. 
Stimulated insulin secretion was carried out under different condi-
tions (glucose, PKA activator, and KCl) in PX-silenced cells. Insulin 
levels were determined by ELISA and normalized to total insulin 
content. Mice with PX deletion in pancreatic beta-cells (βPX-KO; 
PXfl/fl x Ins1Cre/+) and littermate controls (Wt; PXfl/fl x  Ins1+/+, PX+/+ 
x Ins1Cre/+) were used as in vivo model. Body weight, food and water 
consumption, and glucose levels were studied. Oral and intraperito-
neal glucose tolerance tests (oGTT, ipGTT) were performed to assess 
glucose excursions and insulin levels upon glucose administration.
Results: Protein X was localized in the Golgi apparatus and imma-
ture insulin granules (proinsulin positive). Protein X was not found in 
mature insulin secretory granules (insulin positive). Silencing of PX in 
EndoC-βH1 cells reduced the transcript levels of PDX1 (68±6%, p < 
0.001) and INS (50±11%, p < 0.01). Glucose-stimulated insulin secretion 
was reduced (26±3%, p < 0.05) in PX silenced cells. Nevertheless, this 
effect was reverted by the addition of PKA activator or KCl. While βPX-
KO male mice presented comparable weight to Wt control mice, βPX-KO 
female mice presented slightly diminished body weight (p < 0.01). No dif-
ferences were found in food and water consumption or random fed glucose 
levels between βPX-KO and Wt mice. The results of oGTT indicated that 
Wt and βPX-KO presented similar glycemic levels upon oral administration 
of glucose. In contrast, when glucose was administered intraperitoneally 
βPX-KO mice showed increased glycemic values (p < 0.001) compared 
to Wt mice. Furthermore, these defects in glucose clearance were accom-
panied by reduced levels of circulating insulin (p < 0.01) in βPX-KO mice.
Conclusion: These results suggest that protein X is needed for glucose-
stimulated insulin secretion and ultimately for proper beta-cell function. 
Moreover, our results provide evidence that active filamentous actin 
remodeling is necessary for the efficient trafficking of insulin secretory 
granules from the Golgi apparatus.
Supported by: Diabetestutkimussäätiö, Instrumentarium, AKA and TAU 
Disclosure: L. Martin Diaz: None.
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Identification and validation of eIF2A binding partners and effec-
tors involved in beta cell resilience
J.A. Zhang1, A.  Rahardjo1,2, E.  Panzhinskiy1, E.  Jan2, J.D.  Johnson1;
1Cellular and Physiological Sciences, University of British Colum-
bia, Vancouver, BC, Canada, 2Biochemistry and Molecular Biology, 
University of British Columbia, Vancouver, BC, Canada.

Background and aims: Eukaryotic translation initiation factor 2A 
(EIF2A) is an unconventional translation factor that is enriched in human 
islets. Our previous studies showed that EIF2A overexpression in vitro 
and in vivo protects beta cells from endoplasmic reticulum (ER) stress-
induced death. Here, we investigated the molecular mechanism mediating 
the effects of EIF2A on protein translation and cell survival in beta cells.
Materials and methods: We used adenoviruses containing either the 
control (GFP) or eIF2A (fused to GFP). Human islets were obtained 
from cadaveric donors. MIN6 cells and human islets were transduced 
with adenovirus for 6 h and 48 h respectively. Cells were then treated 
with 1 μM thapsigargin for 0, 0.5, 2, 6, 12, and 24 hours. At the end 
of each treatment cells were labeled with 50 μCi of  [35S]-cysteine/
methionine for 30 minutes to measure global translation rate. Pro-
teins of interest were quantified with Western blots. AlphaPulldown 
software was used to predict and visualize binding between eIF2A 
and possible interactors.
Results: EIF2A overexpression differentially regulated total proinsulin 
levels in human islets, whereas in MIN6 cells the results were incon-
clusive. The observed changes in translation rate might be attributed to 
changes in the levels of EIF2B subunits as indicated by RNAseq data. 
To validate the transcriptomic analysis at the protein level, we per-
formed western blot analyses EIF2B subunits in human islets. EIF2B-ε 
and EIF2B-γ subunits were upregulated in the EIF2A-overexpressing 
islets under both basal and ER stress conditions. In contrast, the abun-
dance of EIF2B-β subunit was similar in EIF2A overexpressing cell 
both with and without thapsigargin. To further investigate the mech-
anisms of EIF2A mediated translation, an in silico pulldown assay 
showed that EIF1AX, an essential part of pre-initiation complex, binds 
to EIF2A with high confidence (ipTM score = 0.669). EIF2A also 
interacted, in silico, with a subset of canonical translation factors, 
including EIF4E and EIF4EBP (ipTM score: EIF4E2 = 0.622; EIF4E 
= 0.362; EIF4EBP1 = 0.242; EIF4EBP2 = 0.199).
Conclusion: Collectively, our studies highlight the complexities by 
which EIF2A regulates translation and β cell resilience under ER 
stress conditions.
Supported by: JDRF
Disclosure: J.A. Zhang: None.
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Glycine and β-alanine promote pancreatic islet cell proliferation 
via activation of PI3K/mTORC1/p70S6K pathway
Z. Zhang1, A.L.  Piro2, D.-S.  Wang3, A.  Untereiner2, A. 
 Bhattacharjee2, I.  Singh2, B.A.  Orser3, F.F.  Dai2, M.B.  Wheeler2;
1Sir Run Run Shaw Hospital, Zhejiang University School of Medi-
cine, Hangzhou, China, 2Department of Physiology, Faculty of Medi-
cine, University of Toronto, Toronto, ON, Canada, 3Department of 
Anesthesia, University of Toronto, Toronto, ON, Canada.

Background and aims: Glycine and β-alanine can both activate the 
glycine receptor (GlyR), and glycine has been shown to enhance insu-
lin secretion. However, their effects on islet cell proliferation remain 
unknown. In the present study, we aim to investigate the proliferative 

effects of glycine and β-alanine on islet cells under normal and patho-
logical conditions.
Materials and methods: We used islets isolated from both mouse 
and human. Cytospin and immunofluorescence staining were per-
formed to evaluate islet cell proliferation. Glucose-stimulated insulin 
secretion (GSIS) was applied to examine the islet function. Eight-
week-old FVB male mice were given water supplemented with 2% 
glycine or 2% β-alanine for 12 weeks. Immunohistochemistry and 
immunofluorescence staining were used to examine changes in β- 
and α-cell mass/number/size/proliferation. OGTT and ITT were per-
formed to assess glucose homeostasis and insulin sensitivity.
Results: In vitro, we demonstrated that in mouse islet, after 5-day 
treatment of 1mM glycine or 1mM β-alanine, β-cell proliferation was 
significantly increased by 60% ± 20% and 86% ± 30% (P<0.05), 
respectively, whereas α-cell proliferation was increased by 108% ± 
29% and 131% ± 35% (P<0.01). Similarly, in human islets, β-cell 
proliferation was increased by 81% ± 34% (P<0.01) and 72% ± 20% 
(P<0.001) with the administration of glycine and β-alanine, respec-
tively, whereas α-cell proliferation was elevated by 76% ± 44% and 
89% ± 48% (P<0.05). The expression of GlyRs were detected in islets 
from mouse and human. When the islets were treated with strych-
nine, a specific GlyR inhibitor, the effects of glycine and β-alanine on 
islet proliferation was greatly diminished (P<0.05), suggesting these 
effects were mediated via the GlyRs. However, glucose-stimulated 
insulin secretion was not affected during glycine and β-alanine treat-
ment. In vivo, oral administration of glycine and β-alanine to mice 
through drinking water significantly increased pancreatic β-cell and 
α-cell mass, and β-cell number (P<0.05). Under normal condition, 
mice supplemented with glycine and β-alanine containing drinking 
water showed no difference in bodyweight, glucose homeostasis or 
insulin sensitivity. However, treating mice subjected to metabolic 
stress (acute insulin resistance induced by S961 injection), with 
glycine and β-alanine reduced blood glucose and elevated insulin 
secretion (P<0.05). Furthermore, addition of inhibitors of PI3K, 
mTORC1/2 or p70S6K, abolished glycine/β-alanine induced islet 
cell proliferation, suggesting that glycine and β-alanine stimulated 
islet proliferation may require the PI3K/mTORC1/p70S6K signaling 
pathway.
Conclusion: Taken together, this study provides new mechanistic 
insight into the proliferative nature of glycine and β-alanine in both 
mouse and human islets. This effect is mediated via the activation of 
the GlyRs and the downstream PI3K/mTORC1/p70S6K signaling 
pathway. Moreover, this enhanced proliferation of pancreatic β-cells 
could result in reduced glucose level and elevated insulin secretion in 
conditions associated with acute insulin resistance, providing novel 
therapeutic targets for the metabolic disorder.
Clinical Trial Registration Number: FRN 143219 (CIHR), 82100702 
(NSFC)
Supported by: CIHR (MBW), NSFC (ZZ)
Disclosure: Z. Zhang: None.

434
Glucose distinctly affects cytosolic and mitochondrial NADH and 
NADPH in rodent beta cells: implications for the stimulation of 
insulin secretion
Y. Hajj Hassan, C. Vandrisse, M. Tariq, J.-C. Jonas;
Institut de recherche expérimentale et clinique, Pôle d’endocrinologie, 
diabète et nutrition, Université catholique de Louvain, Brussels, 
Belgium.

Background and aims: The stimulation of insulin secretion by glucose 
(GSIS) depends on accelerated glycolysis and mitochondrial metabo-
lism in beta cells: the autofluorescence of NADH+NADPH increases 
across the whole range of glucose concentration between 0.5 and 
30 mmol/l, with a small increase in the cytosol followed by a large 
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increase in mitochondria, and this effect precedes and correlates with 
the rise in ATP production,  Ca2+ influx and GSIS. More recently, it was 
shown that cytosolic NADPH amplifies insulin secretion via SENP1-
mediated deSUMOylation of proteins involved in exocytosis, and that 
the rise in NADPH occurs in the cytosol and mitochondria of beta cells. 
However, the source of cytosolic NADPH and its role in GSIS remain 
disputed. Here, we used the NADPH sensors iNaps and NADH/NAD+ 
sensor SoNar to characterise the concentration-dependent effects of 
glucose on cytosolic and mitochondrial NADH and NADPH in two 
models of rodent beta cells and compared them to the  Ca2+ and insulin 
secretion response curves.
Materials and methods: Experiments were carried out in islets 
from C57BL/6 mice expressing functional nicotinamide nucleotide 
transhydrogenase and in rat INS 832/13 insulin-secreting cells cul-
tured in RPMI medium containing 10 mmol/l glucose. Cytosolic and 
mitochondrial (mt-) NADPH levels and NADH/NAD+ ratios were 
measured using iNap1, mt-iNap3, SoNar or mt-SoNar expressed by 
adenoviral infection under the control of the rat insulin promotor for 
islets or the CMV promoter for INS cells. iNapC and mt-iNapC were 
used to control for the impact of pH and FAD autofluorescence on the 
results. The dynamic changes in probe fluorescence (exc 405/485; em 
530) upon stepwise increases in glucose concentration and eventual 
addition of the mitochondrial uncoupler FCCP were monitored every 
30 s. The experiments ended by maximal oxidation of NADPH with 
diamide or NADH with KP372-1.
Results: At 0.5 mmol/l glucose, NADH and NADPH normalized to 
diamide or KP372-1 was larger in mitochondria than the cytosol. In 
both mouse islets and INS cells, mitochondrial NADH and NADPH 
progressively increased between 0.5, 2, 5 and 10 mmol/l glucose, with 
no further increase above10 mmol/l glucose. As expected, their levels 
rapidly decreased upon addition of FCCP. In comparison, cytosolic 
NADPH maximally increased between 0.5 and 2 mmol/l glucose in 
INS cells and between 0.5 and 5 mmol/l glucose in islet beta cells, 
while cytosolic  Ca2+ and insulin secretion were still at basal level in 
each model. In contrast, cytosolic NADH remained low between 0.5 
and 10 mmol/l glucose but markedly increased in response to 20-30 
mmol/l glucose.
Conclusion: Glucose distinctly affected NADH and NADPH in the 
cytosol and mitochondria of rodent beta cells: while mitochondrial 
NADH and NADPH increased in parallel with mitochondrial metab-
olism and metabolic amplification of insulin secretion, cytosolic 
NADPH was maximal at glucose concentrations below the threshold 
for  Ca2+ influx and GSIS, and cytosolic NADH only increased at a 
very high glucose concentration. Our results are compatible with a 
permissive but not regulatory role of cytosolic NADPH in GSIS, and 
question the role of mitochondrial metabolism in cytosolic NADPH 
production in beta cells. They also suggest a possible role of high 
cytosolic NADH in beta cell glucotoxicity.
Supported by: FRS-FNRS, ARC/FWB
Disclosure: Y. Hajj Hassan: None.

435
Apolipoprotein A-I (ApoA-I) primes beta cells to increase insulin 
secretion via scarb1 and abca1 receptor pathways upregulating 
mitochondrial metabolism
E. Cowan1, C.L.  Lyons2, L.  Eliasson1, J.O.  Lagerstedt2,3;
1Clinical Sciences, Lund University, Malmö, Sweden, 2Experimen-
tal Medical Science, Lund University, Lund, Sweden, 3Rare Disease 
Research, Novo Nordisk, Copenhagen, Denmark.

Background and aims: ApoA-I, the primary component of high-den-
sity lipoprotein (HDL) cholesterol primes β-cells to increase glucose 
stimulated insulin secretion (GSIS). While ApoA-I accepts cholesterol 
effluxes from ABCA1 (ATP binding cassette subfamily A member 1) 

expressing cells, ApoA-I-receptor mechanisms regulating β-cell metab-
olism and insulin output are not fully explored. Here, we aim to identify 
β-cell ApoA-I receptors and delineate β-cell ApoA-I-receptor pathways 
involved in enhancing the insulin response to glucose consistently seen 
upon ApoA-I priming.
Materials and methods: A TriCEPS™-based ligand-receptor 
capture (LRC-TriCEPS) experiment was performed with INS-1E 
rat β-cells and human ApoA-I. Putative receptors and abca1 were 
silenced in the same cells (10nM siRNA), and knockdown assessed 
by qPCR (mRNA) and western blot (protein). GSIS, and, cellular 
respiration in silenced cells with compromised GSIS, were assessed 
with or without ApoA-I priming (0.5mg/ml) after silencing to inves-
tigate insulin responses to 3.3 & 20 mM glucose, and mitochondrial 
metabolism. Insulin was quantified by ELISA and cellular respira-
tion/oxygen consumption rate (OCR) was measured by Seahorse XF 
Analyser. Data were analysed by t-test or ANOVA with Bonferroni’s 
post hoc test or Benjamini-Hochberg correction.
Results: LRC-TriCEPS identified scarb1 (scavenger receptor class 
B member 1) (log2FC 2.1; adj. p=5.3E-07), and rmd1 (regulator of 
microtubule dynamics 1) (log2FC 2.4; adj. p=2.4E-07) as putative 
receptors. Since abca1 (log2 FC 1.14; adj. p=7.7E-06) has known 
involvement in ApoA-I action and almost met criteria (log2FC>2 and 
adj. p<0.01), it was considered a control. Scarb1, rmd1 and abca1 
were efficiently silenced at the mRNA level (92% (P<0.001; n=5), 60% 
(P<0.001; n=5) & 75% (P<0.05; n=3) respectively), as were scarb1 
and abca1 at the protein level (84% & 72% (P<0.01; n=4) respectively). 
No suitable antibodies were sourced for rmd1 protein detection. GSIS 
with 20 vs 3.3 mM glucose was significantly increased in negative 
control (NC) (P<0.001; n=9), scarb1 (P<0.01 & P<0.05; n=5), rmd1 
(P<0.01 & P<0.05; n=5) and abca1 (P<0.05; n=4) siRNA treated 
cells with or without ApoA-I priming respectively. Contrastingly, GSIS 
with vs without ApoA-I priming in the case of either 3.3 or 20 mM 
glucose was only significantly increased in NC (P<0.01; n=9) and 
rmd1 (P<0.01 & P<0.05 respectively; n=5) siRNA treated cells. Sea-
horse analysis found basal glucose (3.3 mM), acute glucose (20 mM), 
ATP production coupled, non-mitochondrial oxygen consumption and 
maximal cellular respiration/OCR were significantly increased with vs 
without ApoA-I priming in NC siRNA treated cells (P<0.05, P<0.01, 
P<0.0001, P<0.05 & P<0.05; n≥4 respectively). Upon scarb1 and 
abca1 silencing, all significant increases were abolished aside from 
that for ATP production coupled respiration which was attenuated in 
scarb1 siRNA treated cells (P<0.01 vs P<0.0001; n=4).
Conclusion: We present scarb1 and abca1 as β-cell receptors essen-
tial for ApoA-I mediated upregulation of β-cell insulin secretion. 
Moreover, we demonstrate ApoA-I-scarb1/abca1 receptor pathways 
heavily rely on enhancing β-cell mitochondrial metabolism. Our find-
ings reveal novel ApoA-I mechanistic pathways as new targets for 
type 2 diabetes therapies.
Supported by: Swedish Research Council (VR) project grants and 
SRA-Exodiab, SSF LUDC-IRC
Disclosure: E. Cowan: None.

436
DPP-IV inhibition improves pancreatic beta cell function by reduc-
ing Fetuin-A expression and intracellular lipid accumulation
S. Nag, S. Mandal, R. Kundu;
Department of zoology, Visva-Bharati University, Santiniketan, India.

Background and aims: Dipeptidyl peptidase-4 (DPP-IV) inhibitors 
called Gliptins are a class of oral anti-diabetic drugs, that target pro-
teolytic enzyme DPP-IV and prevent degradation of incretin hormones 
(GLP-1 and GIP) that promote insulin secretion. Recently, we have 
demonstrated that Free Fatty Acids (FFAs) and Fetuin-A, a hepato-
adipokine, regulate DPP-IV expression in pancreatic beta cells via 
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TLR4-NFkB pathway. The aim of this present study is to investigate 
the effect of DPP-IV inhibition on pancreatic beta cell health, insulin 
secretion, intracellular lipid accumulation, and Fetuin-A expression 
during hyperlipidemic condition. Very little information is available 
on beta cell specific DPP-IV expression in type 2 diabetes. Thus, this 
study aims to elucidate the beta cell specific DPP-IV expression and 
effects of its inhibition by DPP-IV inhibitor (vildagliptin) in order to 
decipher its role in beta cell function and type 2 diabetes in general.
Materials and methods: For in vitro studies, two cell lines were used 
namely MIN6 (mouse insulinoma cells) and INS1 (rat insulinoma cells). 
Western blot and qPCR analysis were performed to study the expression 
of DPP-IV, Fetuin-A, NFkB, PDX1 etc. in vildagliptin (20uM) pretreated 
cells incubated with palmitate (0.75mM) or palmitate+Fetuin-A (100ug/
ml). Gene specific siRNAs were also used to see changes in expression. 
Immunofluorescence study was performed to observe the expression 
and localization of different proteins including DPP-IV, Fetuin-A and 
Insulin in above mentioned treatment conditions. Oil O Red staining was 
performed to see the accumulation of neutral lipids. For in vivo studies, 
pancreatic islets were isolated from 16 weeks of standard diet (SD), 
high fat diet (HFD) and HFD+ vildagliptin (20mg/kg b.w./day) treated 
male mice (C57BL/6J) and subjected to western blot, ELISA and qPCR 
analysis. GTT, ITT and HOMA-IR were measured for insulin resistance.
Results: Cells treated with palmitate+Fetuin-A showed increased 
expression of DPP-IV (~2.5 folds), NFkB and its phospho form as com-
pared to palmitate only treatment (p< 0.05). Vildagliptin pretreatment 
reduced expression of DPP-IV (~1.5 folds), NFkB, pNFkBp65 in both 
palmitate and palmitate+Fetuin-A treated cells (p< 0.05). Inhibition of 
DPP-IV by vildagliptin or DPP-IV siRNA, reduced Fetuin-A secretion 
(~1.4 folds) into the culture media and down-regulated DPP-IV and 
Fetuin-A gene expression (p< 0.05). Vildagliptin also restored insulin 
secretion significantly (~1.4 folds), and PDX1, GLUT2 expression in 
palmitate+Fetuin-A treatment. Co-localization study further exhibited 
increased expression of insulin and reduced accumulation of lipid drop-
lets in vildagliptin pretreated cells incubated with palmitate+Fetuin-
A. Islets isolated from C57BL/6J mice showed reduced expression 
of Fetuin-A (~1.6 folds) (p< 0.05), NFkB, pNFkBp65 and restored 
expression of PDX1 in HFD+ vildagliptin fed mice vs HFD. Serum 
levels of Fetuin-A also subsided in vildagliptin fed mice (~1.5 folds) 
(p< 0.05). GTT, ITT and HOMA-IR score indicated improvement in 
insulin resistance status in vildagliptin treated HFD mice vs HFD only.
Conclusion: These results suggest that inhibiting pancreatic beta cell 
expressed DPP-IV by vildagliptin improves beta cell health and secre-
tory function by down-regulation of DPP-IV and Fetuin-A expression, 
and abrogation of lipid accumulation.
Supported by: SERB grant no. CRG/2022/007004
Disclosure: S. Nag: Grants; SERB grant no. CRG/2022/007004 & 
UGC fellowship awarded to SN.

437
Ca2+ inhibits GLP-1-induced cAMP formation in beta cells
Y. Hellman, H. Shuai, A. Tengholm;
Uppsala University, Uppsala, Sweden.

Background and aims: Glucose stimulation of insulin secretion from 
beta cells is triggered by voltage-dependent  Ca2+ entry and is ampli-
fied by cAMP-increasing agents, including the incretin hormone gluca-
gon-like peptide-1 (GLP-1). There is complex crosstalk between  Ca2+ 
and cAMP via both  Ca2+-stimulated and -inhibited adenylyl cyclases 
and  Ca2+-activated phosphodiesterases, but the precise relationship 
between the messengers in beta cells remains unclear. The aim of this 
study was to clarify how voltage-dependent  Ca2+ influx influences 
cAMP in beta cells.
Materials and methods: The cytoplasmic cAMP and  Ca2+ concentra-
tions beneath the plasma membrane  ([cAMP]pm and  [Ca2+]pm) were 

recorded in MIN6 cells as well as in primary mouse and human beta 
cells using fluorescent sensors and total internal reflection fluorescence 
microscopy.
Results: When MIN6 cells were depolarized with 30 mM  K+, the 
resulting increase in  [Ca2+]pm was associated with  [cAMP]pm eleva-
tion. However, there was also an inhibitory component since this 
elevation was often interrupted by transient  [cAMP]pm reductions 
coinciding with  [Ca2+]pm spikes due to release from the endoplasmic 
reticulum (ER). GLP-1 (10 nM) evoked robust  [cAMP]pm elevation. 
Depolarization of GLP-1-stimulated cells almost invariably resulted 
in pronounced  [cAMP]pm reduction (n>200 cells). This inhibitory 
effect was observed also in primary mouse and human beta cells. The 
depolarization-induced lowering of  [cAMP]pm was largely prevented 
when  [Ca2+]pm increase was inhibited by omission of extracellular 
 Ca2+ and depletion of ER  Ca2+ with cyclopiazonic acid (n=88). The 
insulin receptor antagonist S961 (1 μM) had little effect, indicating 
that  [cAMP]pm reductions were not caused by auto/paracrine actions 
of insulin (n=44). The dominating effect of voltage-dependent  Ca2+ 
entry reflected inhibition of GLP-1-induced cAMP generation, since 
GLP-1 failed to increase  [cAMP]pm in depolarized cells irrespective 
of whether cAMP degradation was inhibited by the phosphodiesterase 
inhibitor IBMX (n=132).
Conclusion:  Ca2+ exerts multiple and partly opposing actions on 
beta cell  [cAMP]pm. GLP-1 receptor activation shifts a stimulatory 
effect of  Ca2+ on cAMP levels to inhibition, possibly as a result of 
involvement of  Ca2+-inhibited adenylyl cyclases. This mechanism 
may serve as a brake to prevent excessive stimulation of insulin 
secretion by GLP-1.
Disclosure: Y. Hellman: None.

438
The myokine irisin is endocytosed and signals through an αV 
integrin-independent mechanism in pancreatic beta cells
N. Marrano, A. Borrelli, G. Biondi, M. Rella, A. Cignarelli, S. 
Perrini, L. Laviola, F. Giorgino, A. Natalicchio;
Department of Precision and Regenerative Medicine and Ionian 
Area, University of Bari Aldo Moro, Bari, Italy.

Background and aims: Irisin is a hormone secreted by skeletal 
muscle, able to improve metabolic homeostasis and promote energy 
expenditure. We have previously demonstrated that irisin protects 
human and rodent beta-cells and pancreatic islets from lipotoxicity-
induced apoptosis, increases insulin biosynthesis and glucose-stim-
ulated insulin secretion (GSIS), and promotes beta-cell prolifera-
tion, both in vitro and in vivo in mice. Irisin may also restore the 
defects that are characteristic of islets from type 2 diabetic patients. 
Although it has been demonstrated that irisin mediates its effects 
on bone and fat via αV integrin receptors, the presence of an irisin 
receptor in pancreatic beta-cells has not been reported.
Materials and methods: INS-1E rat insulinoma cells were treated with 
30 nM αV integrin siRNA for 24 h or 1 μM RGDS (a chemical inhibitor 
of cellular integrins) for 10 min, and then exposed to 100 nM irisin for 
different times. Under these conditions, intracellular signalling and GSIS 
were evaluated by immunoblotting and insulin ELISA assay, respectively. 
In human pancreatic islets, irisin interactome was assessed through a 
pull-down assay/mass spectrometry approach. Irisin endocytosis was 
evaluated by immunoblotting and immunofluorescence techniques, in 
INS-1E cells stimulated with 100 nM recombinant irisin or heat-dena-
tured irisin for 1-30 minutes. As indicated, INS-1E cells were exposed 
to 53 μM nystatin (an inhibitor of lipid-raft dependent endocytosis) for 
1 h, 50 μM dynasor (an inhibitor of phagocytosis, clathrin-mediated 
endocytosis, and caveolae-dependent endocytosis) for 30 min, or 100 
μM amiloride (an inhibitor of micropinocytosis) for 15 min, and then 
stimulated with 100 nM irisin for 15 min.
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Results: In INS-1E cells, we found that irisin activates its intracel-
lular signalling and enhances GSIS in the presence of αV integrin 
knockdown or RGDS, thus excluding the involvement of integrin 
receptors in irisin effects. In addition, irisin was not able to activate 
focal adhesion kinase (FAK) which is the main intracellular mediator of 
integrins-activated signalling. In human pancreatic islets, we identified 
102 irisin interactors, mostly belonging to intracellular compartments 
(i.e., vesicles and membrane rafts), and not including canonical mem-
brane receptors. We therefore hypothesized that irisin could be endo-
cytosed in pancreatic beta-cells and confirmed this by immunoblotting 
and immunofluorescence techniques, in INS-1E cells stimulated with 
recombinant irisin. In addition, since heat-induced denaturation pre-
vents the entry of proteins into cells by endocytosis, we demonstrated 
that denatured irisin was unable to entry into INS-1E cells. Further-
more, nystatin reduced irisin entry into pancreatic beta-cells, whereas 
neither dynasor, nor amiloride affected irisin endocytosis.
Conclusion: These results suggest for the first time that irisin 
effects on pancreatic beta-cells are independent of engaging the 
αV integrin receptor and may instead depend on its endocytosis 
(i.e. lipid-raft dependent endocytosis). These results are important 
beyond irisin, as they propose a potential new mechanism of action 
for peptide hormones. In addition, we highlight the possibility that 
the same hormone, i.e. irisin, may signal through different recep-
tors in different target tissues.
Disclosure: N. Marrano: None.

SO 18 Role of immune cells in type 1 
diabetes and type 2 diabetes

439
Cd226+Nk cell subsets are associated with progression and remis-
sion of type 1 diabetes
K. Lei, X. Li, T. Zhong, X. Li, R. Tang;
The Second Xiangya Hospital of Central South University, Changsha, 
China.

Background and aims: Type 1 diabetes (T1D) is characterized by a com-
plex interaction between insulin-producing β cells and cells of the innate and 
adaptive immune systems. The objective of autoimmune disease treatments, 
including T1D, is to re-establish immune tolerance by addressing both the 
adaptive and innate immune systems. However, the innate immune system 
is often overlooked in the development of new immune-based therapies, 
potentially explaining the limited success of current immunotherapy for 
T1D. To gain a better understanding of the immunopathogenesis and clini-
cal progression of T1D, it is essential to undertake a longitudinal analysis of 
the innate immune system across the different disease stages, including the 
new-onset stage, the partial remission (PR) phase, and the post-PR phase.
Materials and methods: In this study, we performed a comprehensive 
analysis of three independent cohorts of T1D using single-cell sequenc-
ing (scRNA-seq) and machine learning techniques, combined with cohort 
validation and functional studies on natural killer (NK) cells. Study Cohort: 
Cohort 1 comprised 9 T1D patients (5 new-onset T1D patients and 4 T1D 
patients in the PR phase) and 3 healthy donors. We performed transcrip-
tomic data analysis on peripheral NK cells using scRNA-seq. Cohort 2 
included 73 patients with different stages of T1D (19 new-onset T1D 
patients, 31 T1D patients in the PR phase, and 23 T1D patients after the 
PR phase) and 23 healthy donors. We examined the proportions and phe-
notypes of peripheral NK cell subsets using flow cytometry (FCM), and 
built a machine learning model based on the immunological profile of NK 
cells from T1D patients with different stages. Cohort 3 consisted of 30 T1D 
patients and 15 healthy donors, and we examined the effector functions 
of NK cell subsets during in vitro stimulation of IL12+IL15 using FCM.
Results: Our findings revealed the existence of two distinct subpopula-
tions of NK cells: the  CD226+ NK cells subset and the  CD52+ NK cells 
subset, with compositional changes evident as the disease progressed. 
The  CD226+ NK cells subset demonstrated enhanced effector function, 
as evidenced by increased expression of IFN-γ, granzyme B, perforin, 
CD107a, and CD57, along with reduced expression of CD62L, com-
pared to the  CD52+ NK cells subset. Furthermore, our machine learn-
ing-based clinical prediction model indicated that the beta cell reactivity 
and dynamics of  CD226+ NK cells subset were strongly linked.
Conclusion: Our study demonstrated that coordinated changes in cir-
culating  CD226+ NK cells correspond to islet functional reserve in 
T1D, providing a novel tool for immune monitoring and potentially a 
new mechanism for future immunotherapy. Our findings highlight the 
importance of including the innate immune system in the development 
of new immune-based therapies for T1D.
Supported by: NSFC
Disclosure: K. Lei: None.
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Elevated IL-8 and myeloperoxidase levels in recent onset type 1 
diabetes
G. Alhamar, S. Fallucca, S. Pieralice, L. Valente, S. Briganti, S. 
Manfrini, P. Pozzilli;
Campus Bio-Medico University, Rome, Italy.

Background and aims: Recent research focused on identifying mecha-
nisms explaining the observed heterogeneity of type 1 diabetes (T1D) 
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in age at onset, residual β-cell function, and rate of disease progres-
sion. Mechanisms include changes in both the immune system and 
β-cells, leading to the loss of tissue-specific immune tolerance and 
disease onset. Interleukin-8 (IL-8; CXCL8) is a pro-inflammatory 
chemokine released by macrophages, endothelial, epithelial and air-
way smooth muscle cells playing a major role in the innate immune 
response. Macrophages release IL-8 at the site of an injury where they 
recruit and activate neutrophils by interacting with the IL-8 receptors 
CXCR1 and CXCR2. An increase in circulating IL-8 has been shown 
in several autoimmune disorders. IL-8 levels, but not IL-6 or TNF-α, 
are elevated in adolescents with T1D, and also associated with insulin 
resistance, suggesting a role for IL-8 beyond acute inflammation in this 
setting. In vitro experiments revealed that IL-8 transcription is induced 
by hyperglycaemia. Therefore, the main aim of this study was to assess 
the impact of IL-8 in new-onset T1D patients.
Materials and methods: In the present study newly diagnosed T1D 
patients within the first year of disease onset (mean age 16.2 ± 7.6 
yrs and % HbA1c of 10.7 ± 2.7) (N=42) were studied. Clinical and 
laboratory features included age, gender, body mass index (BMI), 
disease duration, HbA1c, and C-peptide. Serum IL-8 and myelop-
eroxidase (MPO) were measured with commercial enzyme-linked 
Immunosorbent assays.
Results: When compared to normal subjects, T1D patients showed a 
significantly higher IL-8 values (median [IQR] 112.0 pg/ml [64.74-
311.8] vs 43.05 pg/ml [30.94-49.70], p-value= 0.002, respectively). 
Furthermore, T1D patients showed a significantly higher MPO levels 
than controls (median [IQR], 95327 pg/ml [55718 - 168974] vs 42729 
pg/ml [24147 - 95327], p-value= 0.0349, respectively).
Conclusion: This study shows for the first time that IL-8 and MPO 
are elevated in patients with recent onset T1D compared to normal 
subjects. There is also a trend for a positive correlation between IL-8 
and HbA1c levels suggesting that elevated IL-8 values are associated 
with poor metabolic control.
Disclosure: G. Alhamar: None.

441
Identification of important shared and diverse immunepheno-
types in type 1 diabetes, multiple sclerosis and systemic lupus ery-
thematosus using automated cluster analysis by machine learning
B. Prietl1, L.  Herbsthofer2, J. Vera-Ramos1, V.  Pfeifer1, M.  Khalil3, 
M.  Stradner4, H.  Sourij1, T.R.  Pieber1;
1Division of Endocrinology and Diabetology, Medical University 
Graz, Graz, Austria, 2Center for Biomarker Research in Medicine, 
Graz, Austria, 3Division of Neurology, Medical University Graz, 
Graz, Austria, 4Division of clinical Rheumatology and Immunology, 
Medical University Graz, Graz, Austria.

Background and aims: Dysfunction of the immune system and 
break-down of self-tolerance are important in chronic conditions such 
as type 1 diabetes (T1D), multiple sclerosis (MS), rheumatoid arthri-
tis (RA) or systemic lupus erythematosus (SLE). Investigating T- and 
B-cell specific patterns and dissimilarities between these diseases 
can help identifying new therapeutic intervention strategies for T1D.
Materials and methods: Unsupervised, automated gating and 
machine learning (ML) was used to identify clusters of immune cell 
phenotypes in fluorochrome stained PBMCs from patients with T1D 
(n=70), RA (n=70), SLE (n=50), MS (n=60) and healthy controls 
(n=70). The pipeline includes unsupervised pre-gating, FlowSOM 
clustering, and a statistical analysis (MANOVA and post-hoc analy-
sis with Bonferroni correction) to check for significant differential 
abundances of cell populations among the conditions. For the unsu-
pervised, automated similarity analysis, inverse centroid distances 
between subclusters were calculated and associated with clinical data.

Results: Our unsupervised, ML-based analysis revealed important 
differences in the phenotype of peripheral  CD4pos T cells between the 
investigated auto-immune conditions. IL7alpha receptor (CD127) posi-
tive T cell clusters, such as  CD3hiCD4hiCD15sposCD127hiCD161med 
cells are significantly decreased in T1D (p<0.001) compared to MS. 
Clusters of  IL7Rpos memory T cells, expressing the co-stimulatory 
CD28 molecule are significantly increased in T1D (p<0.001) and SLE 
(p<0.001) compared to MS. Clusters including Treg-like phenotypes 
are significantly decreased in MS (p<0.001) compared to T1D, SLE 
and RA. On the contrary, identified B cell clusters show a high grade 
of similarity between the different investigated diseases.
Conclusion: IL-7R (CD127) and its gene polymorphism is suspected 
to play a major role in MS development and to mediate homeostatic 
proliferation in T1D. In SLE, serum sIL-7R is strongly associated with 
disease activity. Using unsupervised machine learning we were able 
to identify interesting clusters of T cell subtypes expressing CD127 
that show significantly different abundancies across the investigated 
diseases, whereas B cell patterns show high similarities. Learning from 
immune modifying therapies used in MS and SLE treatment could help 
to develop new strategies for future T1D (combinational)-therapies 
targeting IL7/IL7R complexes.
Supported by: JDRF and LRA
Disclosure: B. Prietl: None.

442
Expression of autoimmune regulator in peripheral B lymphocytes 
correlates with remnant islet beta cell function in type 1 diabetes
Y. Liu1, Y.  Guo1, W.  Li2, M.  Xie1, C.  Fang3, X.  Wang1;
1Jiangsu Provincial Hospital of Chinese Medicine, Affiliated Hospital 
of Nanjing University of Chinese Medicine, Nanjing, China, 2Nanjing 
University of Chinese Medicine, Nanjing, China, 3The Second Affili-
ated Hospital of Soochow University, Suzhou, China.

Background and aims: Autoimmune regulator (Aire) regulates the 
expression of tissue restricted antigen (TRA) to control the negative 
selection and production of regulatory T cells in the thymus. Studies of 
the role of extrathymic Aire expression are emerging. We here explored 
the role of peripheral Aire expression in T1D immune tolerance.
Materials and methods: Aire expression in peripheral blood cells 
was analyzed by flow cytometry assay and western blot. Regulation 
of Aire expression in immortalized B lymphocyte line HAA1 was 
observed. The impact of Aire on the typical TRA proinsulin expres-
sion in B lymphocytes was studied by knocking down Aire expres-
sion. Expression level of Aire in peripheral B lymphocytes was ana-
lyzed in healthy individuals and T1D patients with different remnant 
islet β cell function by flow cytometry assay.
Results: In peripheral blood cells, Aire was mainly expressed in B 
lymphocytes. B cell receptor (BCR) ligation by α-IgM stimulation sig-
nificantly increased expression levels of Aire (fold change: 4.23±1.07, 
p<0.05) and proinsulin (fold change: 16.42±2.35, p<0.001). BCR 
ligation induced proinsulin expression was completely blocked in B 
lymphocytes electro transfected with Aire specific siRNA. There is 
no difference of expression levels of Aire between healthy individu-
als (n=6, MFI: 2.44±0.93) and T1D patients (n=24, MFI: 2.07±0.86, 
p=0.35). However, Aire expression level in B lymphocytes was higher 
in T1D patients with detectable C-peptide (n=11, MFI: 2.89±0.69) 
than that in those without detectable C-peptide (n=13, MFI: 1.71±0.73, 
p=0.00156).
Conclusion: Our findings suggest Aire in peripheral B lymphocytes 
may have a role in preventing loss of islet β cell in T1D. Increasing Aire 
expression level by targeting BCR may have the potential to treat T1D.
Supported by: Natural Science Foundation of Jiangsu Province
Disclosure: Y. Liu: Grants; BK20181502.
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Clinical features associated with glutamic acid decarboxylase 
autoantibodies (GADA) in adults with type 2 diabetes
N.M. Maruthur1, W.C.  Knowler2, A.  Balasubramanyam3, C.S.  Hampe4, S. 
 Pietropaolo3, A.  Anderson5, M.  Li6, N.  Zhao6, S.L.  Zeger6, A.  Ramelius7, 
R.  Bennet7, Å.  Lernmark7, N.N.  Mathioudakis1, J.M.  Clark1, S.J.  Pilla1;
1Johns Hopkins University School of Medicine, Baltimore, MD, USA, 
2National Institute of Diabetes and Digestive and Kidney Diseases, Phoenix, 
AZ, USA, 3Baylor College of Medicine, Houston, TX, USA, 4University 
of Washington, Seattle, WA, USA, 5Wake Forest School of Medicine, 
Winston-Salem, NC, USA, 6Johns Hopkins Bloomberg School of Public 
Health, Baltimore, MD, USA, 7Lund University, Malmö, Sweden.

Background and aims: Islet autoantibodies in adults classified as having 
type 2 diabetes (T2D) have been associated with different clinical features 
including lower adiposity and early insulin requirement. We examined the 
association between GADA, the most prevalent islet autoantibody, and 
baseline clinical features in Look AHEAD (Action for Health in Diabetes).
Materials and methods: Look AHEAD was a randomized trial of adults 
with clinically-diagnosed T2D and overweight/obesity recruited from 16 
U.S. study centers. GADA was measured by radioligand binding assay 
at baseline in all participants with available samples who consented to 
their use, which was 87% of the randomized cohort. GADA levels were 
categorized as negative (GADA-), low-level (35-199 U/mL, GADA+) or 
high-level (≥200 U/mL, GADA++). We compared baseline clinical fea-
tures across GADA categories using Fisher’s exact or Kruskal-Wallis tests.
Results: There were 4,492 participants with a median age of 59 years and 
diabetes duration 5 years. Participants were 59% female, 67% white, 16% 
Black and 13% Hispanic. GADA was positive (≥35 U/mL) in 216 partici-
pants (4.8%); 131 were GADA+ (2.9%) and 85 were GADA++ (1.9%). 
GADA level was associated with diabetes treatment, glycemic control and 
comorbidities (Table). The median HbA1c was 7.0% in GADA-, 7.1% in 
GADA+, and 7.4% in GADA++ (p=0.004). Insulin was used by 15% of 
GADA-, 25% of GADA+, and 40% of GADA++ (p<0.001). Sulfonylureas 
were used by 46% of GADA-, 41% of GADA+, and 28% of GADA++ 
(p=0.005). There was a history of hypothyroidism in 12% of GADA-, 14% 
of GADA+, and 29% of GADA++ (p<0.001). There was a history of 
hyperthyroidism in 2% of GADA-, 2% of GADA+, and 7% of GADA++ 
(p=0.006). Fewer GADA+ participants (5%) had neuropathy compared 
to GADA- (13%) and GADA++ (14%). GADA level was not associated 
with age, sex, race/ethnicity, diabetes duration, BMI, waist circumference, 
or diabetes complications other than neuropathy.
Conclusion: A substantial minority of this population of adults with over-
weight/obesity who were clinically diagnosed as T2D have GADA positiv-
ity, including 1.9% with very high GADA levels. High GADA levels were 
strongly associated with phenotypic differences including higher HbA1c, 
treatment with insulin, less treatment with sulfonylureas, and a history of 
thyroid disease. In contrast to prior studies, GADA was not associated with 
lower adiposity. These findings highlight the heterogeneity of this population 
and the need to further study the clinical implications of GADA positivity.

Supported by: National Institute of Diabetes and Digestive and Kid-
ney Diseases (R01DK126825 and K23DK128572)
Disclosure: N.M. Maruthur: None.
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Glutamic acid decarboxylase autoantibodies (GADA) in type 2 
diabetes predict long-term glycaemic control but not complications
S.J. Pilla1, W.C.  Knowler2, A.  Balasubramanyam3, C.S.  Hampe4, 
S.  Pietropaolo3, A.  Anderson5, M.  Li1, N.  Zhao1, S.L.  Zeger1, A. 
 Ramelius6, R.  Bennet6, Å.  Lernmark6, N.N.  Mathioudakis1, J.M. 
 Clark1, N.M.  Maruthur1;
1Johns Hopkins University, Baltimore, MD, USA, 2NIDDK, Phoenix, 
AZ, USA, 3Baylor College of Medicine, Houston, TX, USA, 4Univer-
sity of Washington, Seattle, WA, USA, 5Wake Forest School of Medi-
cine, Winston-Salem, NC, USA, 6Lund University, Malmö, Sweden

Background and aims: Islet autoantibodies, present in a minority of 
adults clinically-diagnosed with type 2 diabetes (T2D), may contribute 
to heterogeneity of the T2D phenotype. Few studies have examined the 
relationship between islet autoantibody positivity and long-term out-
comes. We investigated the association between GADA, the most preva-
lent islet autoantibody, and longitudinal measures of HbA1c and dia-
betes complications in Look AHEAD (Action for Health in Diabetes).
Materials and methods: Look AHEAD randomized adults with 
clinically-diagnosed T2D and overweight/obesity to intensive lifestyle 
intervention vs. control for 9.6 years, and then followed them observa-
tionally. GADA was measured by radioligand binding assay in 87% of 
the cohort at baseline and categorized as negative, low-level (35-199 U/
mL) or high-level (≥200 U/mL). HbA1c was measured yearly through 
study year 4, and then on alternating years. Diabetes outcomes were the 
Look AHEAD primary cardiovascular outcome (adjudicated MI, stroke, 
hospitalized angina, or CVD death), incident eGFR <45 ml/min/1.73m2 
(measured as per HbA1c), incident end stage kidney disease (ESKD), 
and all-cause mortality. We analyzed the association between GADA 
category and longitudinal HbA1c using linear mixed effects regression 
adjusted for age, sex, race/ethnicity, calendar time and study arm. We 
analyzed the association between GADA category and diabetes out-
comes using Cox proportional hazards models with the same covariates.
Results: There were 4,492 participants who had a median age of 59 
years and diabetes duration 5 years. GADA was low-level and high-level 
positive in 131 (2.9%) and 85 (1.9%), respectively. The median follow-
up time was 16 years for HbA1c and 17 years for diabetes outcomes. 
The modeled mean HbA1c was 7.24% in GADA-, 7.49% in low-level 
GADA, and 7.67% in high-level GADA (p<0.001). GADA positive 
participants had consistently higher HbA1c over follow-up in both Look 
AHEAD study arms (Figure). There was no association between GADA 
positivity and the composite cardiovascular outcome (HR 0.72, 95% CI 
0.37-1.39), incident eGFR <45 (HR 1.00, 0.72-1.40), incident ESKD 
(HR 1.62, 0.94-2.79), or mortality (HR 0.95, 0.70-1.28).
Conclusion: GADA positivity in adults with clinically-diagnosed T2D 
and overweight/obesity predicted worse glycemic control over 16 years but 
did not have significant effects on cardiovascular or renal complications or 
mortality. Other factors may mediate the association between GADA and 
outcomes. Detailed characterization of islet autoimmunity is needed to dis-
entangle its complex relationship with diabetes progression and outcomes.
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Biological characterisation of circulating cell-free DNA in diabe-
tes and prediabetes
E. Alexiou Chatzaki1, M.  Karaglani1, M.  Panagopoulou1, K. 
 Tzitzikou1, C.  Chemonidou2, P.  Apalaki1, K.  Arvanitidis1, N. 
 Kessari1, S.  Gerou3, D.  Papazoglou1, N.  Papanas1;
1Democritus University of Thrace, Alexnadroupoli, Greece, 2FORTH, 
Heraklio, Greece, 3Analysi Medical, Thessaloniki, Greece.

Background and aims: Circulating cell free DNA (ccfDNA) is a 
liquid biopsy biomaterial currently explored as a source of biological, 
clinically relevant information, meeting the need for a convenient, 
minimally-invasive approach in the era of precision medicine. We 
have previously presented a novel methodology exploiting the unique 
tissue methylation fingerprint of ccfDNA in diabetes to accurately 
monitor beta pancreatic cell loss. In this study, we enrich our under-
standing of the biology of ccfDNA in diabetes and prediabetes, in 
terms of quantity, fragment size distribution, and nuclear/mitochon-
drial origin to draw conclusions on the mechanism of its release and 
subcellular origin and to enable its clinical implementation.
Materials and methods: The study groups consisted of 63 diag-
nosed type 2 diabetes patients, 43 individuals with prediabetes, and 
76 healthy individuals. After extraction of serum ccfDNA, levels 
were quantified via fluorometry and fragment DNA size profiling was 
performed via capillary electrophoresis. Following, the nuclear and 
mitochondrial fractions of ccfDNA were assessed by a duplex qPCR 
of ACTB nuclear and mtDNA16S mitochondrial gene, respectively. 
Nuclear/mitochondrial origin was assessed as a mitochondrial-to-
nuclear DNA (mt/nuc) ratio.
Results: CcfDNA levels were found to be statistically significantly 
elevated in diabetes patients as compared to prediabetes (W=6.15, 
p<0.001) and healthy individuals (W=2.97, p=0.050) and in pre-
diabetes as compared to health ((W=5.83, p<0.001). It is remark-
able that ccfDNA levels follow the “progression” from health, to 
prediabetes and finally to diabetes. Capillary electrophoresis of 
ccfDNA revealed that the majority of healthy individuals contained 
a high DNA peak of ~160-200 bp which indicates release during 
apoptosis, as well as a peak of larger DNA fragments, i.e., ~1000-
2000 bp indicative of active release. In diabetes and prediabetes, 
DNA peaks of ~160-200 bp up to 500bp indicative of apoptosis 
were predominantly present. As for the subcellular ccfDNA origin, 
we found that individuals with prediabetes presented the greatest 
mitochondrial-to-nuclear DNA ratio among groups, while healthy 
individuals presented the lowest ratio (χ2=23.1, p<0.001). Inter-
estingly, diabetes samples did not have increased mitochondrial 
ccfDNA fragments, indicating higher mitochondrial dysfunction 
during prediabetes.
Conclusion: In conclusion, we provide valuable biological informa-
tion on the ccfDNA release and subcellular origin in prediabetes and 
diabetes, promoting our understanding and supporting its use as a 
liquid biopsy solution in diabetes management and prevention.
Supported by: HFRI Project Number 1955
Disclosure: E. Alexiou Chatzaki: None.
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Simultaneous evaluation of islet graft and pancreas beta cell 
mass following intraportal transplantation from the perspective 
of 111In-exendin-4 SPECT/CT
A. Botagarova1, T.  Murakami1, H.  Fujimoto2, M.  Fauzi1, S. 
 Kiyobayashi1, D.  Otani1, N.  Fujimoto3, N.  Inagaki1,4;
1Diabetes, Endocrinology and Nutrition, Graduate School of Medi-
cine, Kyoto University, Kyoto, Japan, 2Radioisotope Research Center, 
Agency for Health, Safety and Environment, Kyoto University, Kyoto, 
Japan, 3Department of Regeneration Science and Engineering Labo-
ratory of Experimental Immunology, Institute for Life and Medical 
Sciences, Kyoto University, Kyoto, Japan, 4Medical Research Institute 
KITANO HOSPITAL, PIIF Tazuke-kofukai, Osaka, Japan.

Background and aims: Islet transplantation (IT) is a promising treatment 
for patients with brittle type 1 diabetes, but accurately estimating the 
viable β-cell mass (BCM) is challenging. The current methods for 
estimating BCM are through functional tests like the secretory units 
of islets in transplantation (SUIT). However, these tests are insufficient 
for discriminating direct changes of the whole body BCM. Recent 
studies have shown that a noninvasive technique using a 111Indium-
labeled exendin-4 derivative {[Lys12(111In-BnDTPA-Ahx)] exendin-4} 
(111In-exendin-4) single-photon emission computed tomography/
computed tomography (SPECT/CT) can be used for pancreas BCM 
evaluation. This study aimed to simultaneously evaluate islet graft and 
pancreas BCM using the noninvasive technique.
Materials and methods: Streptozotocin-induced diabetic mice 
were transplanted with 150 (150 IT) or 400 (400 IT) syngeneic islets 
intraportally. An intraperitoneal glucose tolerance test (IPGTT) was 
performed in control (non-STZ, non-IT), 150 IT, and 400 IT groups. After 
six weeks post-IT, the liver insulin content was compared to the ex-vivo 
liver graft uptake of 111In-exendin-4 and the in-vivo liver graft uptake of 
111In-exendin-4 SPECT/CT.
Results: During IPGTT 150 IT group had significantly higher plasma 
glucose levels than the control and 400 IT groups at all-time points (p 
< 0.05), with no significant difference between the control and 400 IT 
groups. Liver graft insulin content in the 400 IT group was significantly 
higher than 150 IT groups (400 IT vs 150 IT, p < 0.001), while insulin 
was not detected in the liver of the control group (400 IT vs control, p 
< 0.001). Ex-vivo 111In-exendin-4 liver graft uptake showed the highest 
level at 400 IT compared to 150 IT and control groups (p < 0.01 and 
p < 0.001, respectively), consistent with the liver graft insulin content 
results. At the same time, ex-vivo 111In-exendin-4 pancreas graft uptake 
was highest in the control group (control vs 400 IT, p < 0.0001; control 
vs 150 IT, p < 0.0001). Furthermore, in-vivo 111In-exendin-4 SPECT/
CT detected the signals from islet graft of control, 150 IT, and 400 IT 
mice (400 IT vs control, p < 0.0001; 400 IT vs 150 IT, p < 0.01) and 
pancreas BCM.
Conclusion: This study demonstrated the noninvasive evaluation of 
islet graft and pancreas BCM using 111In-exendin-4 SPECT/CT. The 
results suggest that 111In-exendin-4 SPECT/CT can provide quantita-
tive information for the whole body BCM.
Supported by: MEXT, JSPS, Japan Association for Diabetes Educa-
tion and Care, Japan Diabetes Foundation
Disclosure: A. Botagarova: None.
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Interleukin (IL)-1α and IL-1β released from islet resident mac-
rophages impair the success of islet transplantation
S. Wrublewsky1, F.  Pohlemann1, L. Prates  Roma2, S.  Rother3, M. 
 Menger1, M.  Laschke1, E.  Ampofo1;
1Institute for Clinical and Experimental Surgery, Saarland University, 
Homburg, Germany, 2Biophysics Department, Center for Human and 
Molecular Biology, Saarland University, Homburg, Germany, 3Center 
for Molecular Signaling, Saarland University, Homburg, Germany.

Background and aims: Inhibition of interleukin (IL)-1 signaling has 
been shown to improve the outcome of clinical islet transplantation. 
However, the mode of action of IL-1α and IL-1β during this process 
is still elusive. Therefore, the aim of the present study was to inves-
tigate (i) the cellular source of IL-1α and IL-1β within the islets, (ii) 
the role of IL-1 signaling for the endocrine function of β-cells and 
(iii) the effect of IL-1α and IL-1β on islet transplantation.
Materials and methods: Islets were isolated from wild type (WT), 
IL-1α-/- and IL-1β-/- donor mice and exposed to IL-1α or IL-1β 
under hypoxic conditions for 24 h. The viability and cellular com-
position of these islets were determined by using flow cytometry, 
calcein / propidium iodide staining and immunohistochemistry. 
Secretion of insulin, IL-1α and IL-1β was analyzed by an enzyme-
linked immunosorbent assay (ELISA). Expression of insulin, MafA 
and pancreatic duodenal homeobox protein (PDX)-1 was analyzed 
by quantitative real-time (qRT)-PCR and Western blot. Binding of 
IL-1α and IL-1β to heparan sulfate of islets was analyzed by sur-
face-plasmon resonance (SPR) spectroscopy. In vivo, WT, IL-1α-/- 
and IL-1β-/- islets were transplanted into WT mouse dorsal skinfold 
chambers and their revascularization was assessed by intravital fluo-
rescence microscopy. Moreover, we used the streptozotocin-induced 
diabetic mouse model to study the endocrine function of the grafts.
Results: We found that IL-1α and IL-1β are solely expressed by 
islet resident macrophages and both cytokines reduce insulin secre-
tion. Additional analyses revealed that only IL-1α is capable of 
binding to heparan sulfate of islets, which, in turn, diminished the 
inhibitory effect of IL-1α on insulin secretion. The analysis of the 
underlying mechanism demonstrated that the loss of both cytokines 
increases insulin expression in a PDX-1- and MafA-dependent man-
ner. By using the mouse dorsal skinfold chamber model, we found 
an improved insulin-driven revascularization of transplanted IL-1α-/- 
and IL-1β-/- islets when compared to controls. Accordingly, the trans-
plantation of IL-1α-/- and IL-1β-/- islets under the kidney capsule of 
diabetic mice led to an accelerated restoration of normoglycemia.
Conclusion: The loss of IL-1α or IL-1β improves the revasculari-
zation, and thus, the engraftment of islets. Hence, the herein intro-
duced anti-inflammatory approach represents a promising strategy 
to increase the success rates of clinical islet transplantation.
Disclosure: S. Wrublewsky: None.
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Stem-cell derived islets for treating diabetes
W. Rust, P. Dalal, A. Koval, J. Ratiu, S. Southard, P. Strumph, C. 
Welsch;
Seraxis Inc., Germantown, MD, USA.

Background and aims: We report the development of a novel 
human multipotent immortal stem cell line, SR1423 that efficiently 
differentiates to clusters of functional endocrine pancreatic cells. 
These Synthetic Replacement Endocrine (SRE) clusters con-
tain cell types that recapitulate native islet function in vitro and 
potently control blood glucose in animal models of type 1 diabetes. 
Detailed characterization reveals significant distinctions between 
SRE, native islets and SC-beta cells. SRE clusters are manufactured 

following GMP requirements in closed vessels with large-scale 
formats and are being developed for near-term clinical studies.
Materials and methods: SRE was generated by transient expression of 
the Yamanaka factors in human islet cells harvested from a consented 
donor pancreas. Rather than screen for pluripotency, this cell line was 
selected for its ability to differentiate to the definitive endoderm in a 
first screen, and Pdx1+ pancreatic progenitors in a second screen. SRE 
does not meet criteria for pluripotency as it fails to express the master 
control gene for mesoderm specification, brachyury, in response to 
mesoderm-inducing agents. Comparison against a pluripotent stem cell 
database demonstrates poor overall differentiation capability for the 
mesoderm lineage. In contrast, SRE responds to basic differentiation 
protocols that drive endocrine pancreatic fate choice and generates 
highly pure populations of cells with endocrine cell characteristics. 
We therefore characterize SR1423 as a multipotent, and not pluripotent 
stem cell. In a prospectively designed islet replacement study male 
NSG mice with streptozotocin-induced diabetes were implanted with 
SRE clusters to the kidney capsule or gonadal fat pad (as a surrogate 
for the omentum) and disease progression was monitored.
Results: SRE resemble human islets in morphology and distribution 
of hormone expressing cells (data not shown). In this mouse model 
of STZ-induced type 1 diabetes (blood glucose > 11mmol/l), SRE 
implanted to the kidney capsule (n=17) or gonadal fat pad (n=10) 
resulted in euglycemia 3-4 weeks post-implant. Control mice (with-
out SRE implant) in this model of type 1 diabetes (n=2) remained 
hyperglycemic.
Conclusion: These data are consistent with demonstration of proof of 
principle in this model with resolution of hyperglycemia after trans-
plant of SRE. This is the first description of a novel cell type (non-
native, non-SC-beta) with potential clinical therapeutic benefit. SRE 
clusters are currently in preparation for clinical studies.

Disclosure: W. Rust: Employment/Consultancy; Seraxis Inc. Stock/
Shareholding; Seraxis Inc.
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Glucose-dependent insulin production and insulin-independence 
in patients with type 1 diabetes infused with stem cell-derived, 
fully differentiated islet cells (VX-880)
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Background and aims: VX-880 is an allogeneic stem cell-derived, 
fully differentiated, pancreatic islet cell replacement therapy being 
evaluated in a Phase 1/2 clinical trial in patients with T1D and 
impaired awareness of hypoglycemia and severe hypoglycemia. We 
report results from the first 3 patients dosed with VX-880 with at 
least ~1 year of follow-up.
Materials and methods: The trial has 3 parts: Part A where 2 patients 
are enrolled sequentially and receive half the target dose, Part B where 
5 patients are enrolled sequentially and receive the target (full) dose, 
and Part C where 10 patients are enrolled concurrently and receive 
the target dose. Following a single infusion of VX-880, patients are 
monitored for safety and tolerability (as assessed by adverse events 
[AEs] and clinical laboratory assessments), fasting and stimulated 
C-peptide, HbA1c, glycemic variability, interstitial glucose by con-
tinuous glucose monitoring, and exogenous insulin dose.
Results: Among the first 3 patients dosed with VX-880 and at least 1 
year of follow up, 2 are insulin independent. Following VX-880 infusion 
at half target dose, Patient 1 in Part A, who was taking 34.0 units insulin/
day and had HbA1c of 8.6% with 40.1% time-in-range (TIR) at baseline, 
became insulin independent at Day 270 and remains insulin independ-
ent at Month 18 (HbA1c 5.2%; 97.7%TIR). Patient 2 in Part A, who 
was taking 25.9 units insulin/day and had HbA1c of 7.5% with 35.9% 
TIR at baseline, had improved HbA1c (6.2%) and TIR (61.7.%) with a 
daily insulin dose of 27.8 units/day at Month 12. Patient 2 subsequently 
withdrew from the study for personal reasons. Patient 3, the first patient 
in Part B, received the full target dose of VX-880. This patient, who was 
taking 45.1 units insulin/day and had HbA1c of 7.6% with 53.8% TIR 
at baseline, became insulin independent at Day 180 and remains insulin 
independent at Month 12 (HbA1c 6.0%; 96.8 % TIR). VX-880 has been 
generally safe and well tolerated at both doses; the majority of adverse 
events (AEs) were mild or moderate in severity and there were no serious 
AEs considered related to VX-880. The safety profile was consistent with 
the immunosuppressive regimen and the perioperative period.
Conclusion: These results demonstrate that a single infusion of 
stem cell-derived islets (VX-880) can restore insulin production and 
glucose regulation, leading to insulin independence in patients with 
T1D. Based on this, VX-880 has the potential to be a functional cure 
for patients with T1D. Part B is fully enrolled and multiple addi-
tional patients have been dosed with the target dose. Longer-term 
and updated data from all patients dosed in Part A and Part B will be 
presented at the conference.
Clinical Trial Registration Number: NCT04786262
Supported by: Vertex Pharmaceuticals
Disclosure: T. Reichman: Non-financial support; Vertex Pharma-
ceuticals Incorporated.
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Mesenchymal stem cell-laden composite islet porous microgel for 
diabetes treatment
J. Sun, L. Li;
Zhongda Hospital, School of Medicine, Southeast University, Nanjing, 
China.

Background and aims: As an alternative to continuous exogenous insu-
lin administration of insulin, islet transplantation is shown to provide an 
alternative approach for controlling hyperglycemia in diabetes. However, 
islet transplantation faces significant challenges of low islet viability and 
immunologic insults. Thus, novel approaches capable of promoting the 
islet microenvironment for sustainability is highly desired. This study 
develops mesenchymal stem cell (MSC)-laden composite islet porous 
microgels (MGs) to address sustainability for the treatment of diabetes.
Materials and methods: The MGs are prepared via microfluidic droplet 
templates containing both MSCs and islets with a hybrid solution of poly 
(ethylene oxide) (PEO) and gelatin methacrylate (GelMA) for creating 

a porous structure. Islet viability and insulin secretion were measured 
in vitro. Changes of blood glucose, body weight and food intake were 
monitored in  vivo in diabetic mice after omental transplantation. 
Histological analysis was performed after the removal of the implants.
Results: The 3D porous structure facilitated islet viability and func-
tion and allowed for insulin molecule penetration and rapid exchange 
of nutrients. The outstanding anti-apoptotic and immunomodulatory 
roles of co-encapsulated MSCs further provided a favorable environ-
ment for islet survival and function. In vivo experiments confirmed 
that MGs reversed hyperglycemia in diabetic mice, continuously reg-
ulated the dynamic balance of blood glucose levels within a normal 
range for 6 weeks, and rapidly secreted insulin in response to blood 
glucose stimulation. Histological analysis showed that the implants 
maintained hormone identities without significant inflammatory cell 
infiltration and was surrounded by neovascularization.
Conclusion: MSC-laden composite islet MGs demonstrated good 
hypoglycemic function, excellent biocompatibility and established 
a local immunomodulatory microenvironmenta, and diabetic mice 
treated by the MGs showed glycemic recovery, improvements in body 
weight and lower immune response. Overall, this strategy has promis-
ing applications in islet transplantation for diabetes treatment.
Supported by: NSFC
Disclosure: J. Sun: None.

451
Hydrogel encapsulation can protect functionality of trans-
planted islets in immunocompetent diabetic animals without 
immunosuppression
H. Stover;
Allarta Life Science Inc., Hamilton, ON, Canada.

Background and aims: Type 1 diabetes (T1D) is an autoimmune 
disorder characterized by the destruction of insulin-producing beta 
cells in the pancreas, leading to a chronic deficiency in insulin pro-
duction. Despite the promise of islet cell transplantation to replace 
lost cells and cure T1D, the side effects of systemic immune sup-
pression remain a major concern and long-term tight glycemic con-
trol remains elusive. Physical immune protection has the potential to 
enable allogeneic islet implantation and provide a functional cure. We 
have developed crosslinked, synthetic hydrogels that are robust, shape 
agnostic and non-immunogenic. More importantly, encapsulated rat 
and human donor islets remained viable and functional in vitro and 
in vivo, including in large animals.
Materials and methods: Micropipette aspiration, chemical stress 
tests (e.g., citrate), and in vivo persistence were used to investigate 
the hydrogels’ mechanical robustness in different form factors, such 
as beads and strings. Protein release profiles and diffusion limits were 
evaluated using FITC-labeled dextran (10, 70, 250, and 500 kDa), 
IgG (150 kDa), and insulin (5.8 kDa). Different polymer modifica-
tions were tested for toxicity to human induced pluripotent stem cells 
(hiPSCs) and for fibrosis in healthy mice and pigs. Rat and human 
islet functionality after encapsulation were examined by glucose stim-
ulated insulin secretion (GSIS). Marginal islet loads were tested for 
fibrosis and functionality (e.g., HbA1c, C-peptide, and blood glucose) 
following implantation into streptozotocin (STZ)-induced diabetic 
immunocompetent mice and healthy normal mixed breed pigs.
Results: The hydrogels are robust and easy to handle. They are effective 
at excluding IgGs and larger molecules, while allowing rapid insulin 
out-diffusion (~ 1 min  t½). Several novel immune-evasive modifica-
tions improved cell viability and non-immunogenicity. High viability 
(Fig. 1) and GSIS indices (avg. of 12x increase after stimulation) from 
rat and human islets demonstrate that the hydrogels maintained effec-
tive islet function in vitro. Capsules were retrieved intact after ~300 
days in vivo. Encapsulated rat islets enabled rapid and persistent blood 
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glucose control (<250 mg/dL) for 20+ weeks in immunocompetent 
STZ-diabetic C57BL/6 mice using a marginal load. Viable human donor 
islets showed c-peptide readings (up to 45 pmol/L) for 45 days in mice 
(~8x longer than reported for free human islets), and in pigs. Minimal 
foreign body response was observed in both mice and pigs. [Fig. 1]
Conclusion: Our novel synthetic and retrievable hydrogels demonstrate 
immune protection of xenogenic islet transplants into immune-compe-
tent animals, including pigs. Currently, we are scaling to therapeutic 
doses in large animals in pursuit of a curative human allogeneic therapy 
for T1D without immunosuppression.

Disclosure: H. Stover: None.

452
A vascularised artificial islet microcapsule based on microfluidic 
electrostatic spray for diabetes treatment
J. Li1, L.  Li1,2;
1Department of Endocrinology, Zhongda Hospital, School of Medi-
cine, Southeast University, Nanjing, China, 2Pancreatic Research 
Institute, Southeast University, Nanjing, China.

Background and aims: Islet cell replacement is an emerging strategy 
for the treatment of diabetes. Its application is restricted by immune 
rejection, limited graft survival, and hypofunction of the transplanted 
cells. To address these issues, encapsulation technology is employed 
for separating islet cells from host immune cells. In addition, pre-
transplantation vascularization provides a microenvironment with 
abundant nutrient for the graft. This study aims to design an artificial 
islet cell microcapsule cultured in a vascularized microenvironment, 
and to verify the application value of their transplantation in vivo to 
treat diabetes.
Materials and methods: Based on microfluidic electrostatic spray 
and 3D cell co-culture technology, we fabricated artificial islet cell 
microcapsules in combination with vascularized microenvironment 
to transplant for the treatment of diabetes. Benefiting from the 
controllable double channel microfluidic system, islet cells and 
alginate pre-hydrogel solution were pumped into the internal and 
external phases by micropumps, connected to an open electric 
field. Artificial islet microcapsules were collected loading with 
islet cells for co-culturing with human umbilical vein endothelial 
cells (HUVECs) in 3D microenvironment. The artificial islet cell 
microcapsules were characterized by optical microscope and 
scanning electronic microscope for morphological investigation. 
In addition, the cell survival and function of insulin secretion of 
artificial islet cell microcapsules were assessed by Calcein-AM/
propidium iodide (PI) staining and glucose-stimulated insulin release 
assay (GSIS), respectively. Moreover, the transplantation of artificial 
islet cell microcapsules was operated to treat diabetic mouse models 
for evaluating their therapeutic effects.
Results: The artificial islet microcapsules were generated homoge-
neously by using microfluidic electrostatic spraying method. Co-
culturing HUVECs consisted a vascular network that supplies oxy-
gen and nutrients to microcapsules. Besides, the cells encapsulated 
in artificial islet cell microcapsules had a high survival rate and 
were able to secrete insulin under GSIS testing. For investigating 

the capability of artificial islet microcapsules for diabetes treat-
ment, the diabetic mouse models induced by STZ-administration 
were established with an elevated blood glucose level. The result-
ant pre-vascularized artificial islet cell microcapsules were trans-
planted to the dorsal brown adipose tissues of mice. Thus, the 
blood glucose levels declined for consecutive days after artificial 
islet cell microcapsules transplantation compared with the control 
group. The glucose tolerance tests indicated the amelioration of 
diabetes by the graft.
Conclusion: The vascularized artificial islet cell microcapsules con-
structed in this study based on microfluidic electrostatic spray can 
simulate the morphology and function of islets under physiological 
conditions in vitro. Islet cells in microcapsules can survive and relieve 
hyperglycemia after transplantation in diabetic animals. Furthermore, 
the transplantation of artificial islet cell microcapsules is expected to 
be a candidate strategy for islet cell transplantation in the treatment 
of diabetes.
Supported by: ZD2021007
Disclosure: J. Li: None.

453
Transgenic porcine neonatal islets expressing human PD-L1 
reduce immune cell activation and cellular rejection in human-
ised NSG mice with type 1 diabetes
Y. Lei1, L. Wolf-van  Buerck1, M.  Honarpisheh1, Y.  Zhang1, R. 
 Schwinzer2, B.  Petersen3, J.  Seissler4;
1Diabetes Center, Department of Medicine IV, University Hospital, 
LMU Munich, Munich, Germany, 2Department of General- Visceral- 
and Transplantation Surgery, Hannover Medical School, Transplant 
Laboratory, Hannover, Germany, 3Institute of Farm Animal Genetics, 
Friedrich-Loeffler-Institute, Department of Biotechnology, Marien-
see, Neustadt, Germany, 4Diabetes Center, Department of Medicine 
IV, University Hospital, LMU Munich, München, Germany.

Background and aims: Xenorejection is the main hurdle for porcine 
islet transplantation in its clinical application in type 1 diabetes. T 
cell co-inhibitory is a promising target to modulate immune reactiv-
ity. Here we utilized a diabetic mouse model with humanized immune 
system to study the grafting and survival of transgenic porcine islets 
overexpressing human programmed death-ligand 1 (hPD-L1).
Materials and methods: Neonatal porcine islet-like cluster were 
isolated from transgenic pigs expressing hPD-L1 and from wild type 
pigs. After in vitro culture for 5 days, clusters were transplanted into 
streptozotocin-induced diabetic NOD-scid IL2Rγnull mice with stable 
incorporation of human immune cells (hPD-L1 group, n=10; wild type 
group, n=6). Our primary endpoint was at week 16 after transplantation 
the development of normoglycemia, which was defined as random non-
fasting blood glucose levels < 180 mg/dl. The study has been carried 
out along the "Principles of laboratory animal care" (NIH Publication 
no. 85-23, revised 1985) and according to the national law.
Results: Compared to wild type group, hPD-L1 group achieved a 
higher normoglycemia rate (50% versus 0%, p<0.05). In immunohis-
tochemical analysis, mice transplanted with hPD-L1 expressing islets 
exhibited less infiltrating hCD45+ cells in xenografts and significant 
higher plasma C-peptide. In situ hybridization staining of xenografts 
showed that hPD-L1 group expressed significant less human IFN-γ 
mRNA as compared to the wild type group.
Conclusion: Overexpression of hPD-L1 in porcine islets leaded to 
a strong inhibition of xenorejection in the absence of immunosup-
pressants. It supports the hypothesis that hPD-L1 has the capacity 
to control cellular rejection and therefore represents one promising 
transgene candidate for clinical porcine islet xenotransplantation.
Supported by: SFB 127
Disclosure: Y. Lei: None.
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SO 20 Roads leading to apoptosis in beta 
cells

454
Catabolic pathways of S1P differentially regulate free fatty acid-
induced oxidative stress, mitochondrial dysfunction and ceramide 
formation in beta cells
Y. Tang, E. Gurgul-Convey;
Institute of Clinical Biochemistry, Hannover Medical School, Han-
nover, Germany.

Background and aims: Pancreatic beta cell failure in type 2 diabetes 
is associated with lipotoxicity. A growing body of evidence indicates 
an important role of bioactive lipids, sphingosine-1 phosphate (S1P) 
and ceramides (Cer), in this deleterious process. Recently we have 
shown that S1P catabolic pathways (degradation by S1P lyase, SPL, 
and recycling by S1P phosphatase 1, SPP1) regulate the sensitivity of 
beta cells to free fatty acids (FFA) in an opposite way. While SPL over-
expression accelerates palmitate (PA) and induces oleate (OA) toxicity, 
overexpression of SPP1 protects against PA toxicity. These opposite 
effects of SPL vs. SPP1 overexpression in beta cells correlated with dif-
ferential regulation of stress markers expression and overall oxidative 
stress. Here we aim to uncover the molecular mechanisms involved in 
these contrary effects of two S1P catabolic pathways.
Materials and methods: Rat insulin-secreting INS1E cells (control and 
overexpressing human SPL or SPP1) were incubated with PA or OA for 
24 h. Cleaved caspase-3 was detected by Western blot. The hydrogen per-
oxide  (H2O2) fluorescence sensor protein HyPer was expressed in cyto-
plasm, mitochondria and peroxisomes, and fluorescence changes (ratio 
of red/oxidized to green/reduced) analyzed under Olympus fluorescence 
microscope. Proapoptotic Cer species were analyzed by immunofluores-
cence (anti-ceramide MID15B4 monoclonal), mitochondrial structure 
by MitoTracker-Red, and ATP by ATP-Lite assay. Gene expression of 
S1P- and Cer-related enzymes was measured by real-time qPCR.
Results: Exposure of INS1E-ctr cells to PA, but not to OA, led to the activa-
tion of caspase-3. In INS1E-SPL cells, in contrast to SPP1 cells, both FFA 
induced apoptosis. Exposure to PA disturbed mitochondrial network and 
decreased ATP content (~30%) in INS1E-ctr. SPL overexpression accel-
erated this effect (~40%), while SPP1 cells was protective. OA induced 
mitochondrial fragmentation together with downregulation of ATP content 
(~15%) in INS1E-SPL cells. This was in contrast to INS1E-ctr and -SPP1 
cells, where OA did not negatively influenced mitochondrial morphology. 
Measurements of PA-mediated  H2O2 formation revealed its significantly 
increased levels in peroxisomes in INS1E-ctr cells, the effect which was 
further enhanced by SPL, but not by SPP1, overexpression. PA as well 
as OA increased cytosolic and -to a lesser extent- mitochondrial  H2O2 
levels in SPL cells. Interestingly, the expression of superoxide dismutases 
in SPL cells exposed to FFA was significantly higher than in INS1E-ctr 
cells. Next, we analyzed Cer accumulation in FFA-treated cells. In INS1E-
ctr cells only PA elevated Cer staining (~15%). In SPL cells both FFA 
enhanced Cer formation (~15% and 40%, respectively), while in SPP1 no 
induction was observed. In SPL-cells the expression of mitochondrial Cer 
synthase (CerS6) was higher, and in SPP1 cells lower, than in INS1E-ctr 
cells exposed to FFA. Moreover, SPL cells had higher expression of SPP2, 
which recycles S1P into sphingosine in endoplasmic reticulum. In con-
trast, SPP1 cells had a lower expression of SPP2, but higher of sphingosine 
kinase 2, suggesting the activation of compensatory pathways to maintain 
sufficient S1P levels and to prevent Cer accumulation.
Conclusion: The results suggest that the degree of S1P degradation 
and the intracellular localization of S1P recycling may have important 
consequences for beta cell fate under lipotoxic stress.
Disclosure: Y. Tang: None.

455
Stimulation of NMDA receptors in islet cells increases oxidative 
stress by multiple mechanisms and activates Ca2+-dependent K+ 
channels
H. Noguera Hurtado, B. Wünsch, M. Düfer;
Department of Pharmacology, Institute of Pharmaceutical and Medic-
inal Chemistry, Münster, Germany.

Background and aims: Targeting NMDA receptors (NMDAR) in 
pancreatic islet cells is suggested as a therapeutic strategy to treat 
type 2 diabetes mellitus. Sustained activation of NMDAR increases 
oxidative stress, reduces cell viability and alters insulin secretion. The 
aim of this study was to characterize the sources of reactive oxygen 
species, stress pathways involved, and alterations in ion channel activ-
ity upon NMDAR over-stimulation in islet cells. Furthermore, WMS-
1410 and Ro 25-6981, two specific NMDAR antagonists directed to 
the GluN2B subunit, were used to test for a protective effect and the 
ability to restore the proper function of pancreatic islet cells.
Materials and methods: We used insulin-secreting MIN6 and INS-
1E cell lines, as well as islets or islet cells from C57BL6/N mice. 
NADPH oxidase (NOX) activity assays, superoxide-specific staining 
(mitoSOX), patch-clamp measurements, RT-PCR and insulin secretion 
experiments by ELISA were performed. For stimulation of NMDAR, 
NMDA was applied for 48 h (5 mmol/l) or acutely (500 μmol/l + 
10 μmol/l glycine). Values are summarized as mean±SD. Statistical 
analysis was performed by one-way ANOVA and Newman-Keuls test.
Results: Over-stimulation of NMDAR significantly increases the 
production of superoxide from mitochondria in mouse islet cells 
challenged with NMDA (5 mmol/l) for 48 h compared to control. 
WMS-1410 and Ro 25-6981 (1 μmol/l) prevented this effect (con-
trol: 11±7 arbitrary units (a.u.), n=212; NMDA: 19±7 a.u., n=258; 
NMDA + WMS-1410: 14±6 a.u., n=248; NMDA + Ro 25-6981: 
15±7 a.u., n=241; p<0.001 vs. NMDA). Sustained application of 
NMDA in INS-1E cells significantly increases the activity of NOXs 
compared to control cells (n=6, p<0.001). However, this effect is not 
prevented by the application of GluN2B antagonists. Application of 
GLX481304 (GLX) (10 μmol/l), an inhibitor of NOX4 and NOX2, 
together with the above treatments showed that the GluN2B antago-
nists exert a potent effect compared to NMDA-treated cells (n=3, 
p<0.05 in control + GLX: 1.1±0.6 vs. NMDA + GLX: 3±1 opti-
cal density/min (O.D./min)). The application of WMS-1410 or Ro 
25-6981 reduces the relative gene expression of C/EBP-homologous 
protein (CHOP) induced in NMDA-exposed MIN6 cells (control: 
1±0, NMDA: 1.5±0.1, NMDA + WMS-1410: 1.1±0.6, NMDA + 
Ro 25-6981: 1.0±0.6, n=6; p<0.05). In relation to this, NMDAR 
over-stimulation leads to  Ca2+ accumulation. Patch-clamp experi-
ments revealed that NMDAR activation increases the  K+ current 
through  KCa3.1 channels. This interaction can be blocked by GluN2B 
antagonists and by the specific  KCa3.1 channel blocker senicapoc. 
Finally, alterations in insulin secretion observed in response to over-
stimulation of NMDARs can be counterbalanced by WMS-1410 and 
Ro 25-6981 (control: 12±4, NMDA: 7±4, NMDA + WMS-1410: 
12±4, NMDA + Ro 25-6981: 16±5 ng insulin/(islet*h), n=5; NMDA 
vs. NMDA + Ro 25-6981 p<0.05).
Conclusion: We show for the first time that oxidative stress caused 
by over-stimulation of NMDAR in beta cells involves an increase in 
NOX activity. In addition, we provide evidence that  Ca2+ influx via 
NMDARs increases  K+ outward currents through  KCa3.1 channels. In 
summary, our results indicate that NMDAR activation induces beta 
cell dysfunction by different mechanisms and that small molecules 
targeting the GluN2B subunit partly prevent these effects.
Supported by: The research training group CHEMBION funded by 
DFG
Disclosure: H. Noguera Hurtado: None.
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456
Palmitic acid enhances the damaging effects of increased insulin 
folding by accelerated ER stress and apoptosis
S. Lortz, B. Vidrio-Huerta, T. Plötz;
Hannover Medical School, Hannover, Germany.

Background and aims: Type 2 diabetes (T2DM) is associated in the 
early phase with hyperinsulinemia due to the necessity to compen-
sate insulin resistance, whereas in later stages beta cell dysfunction 
and cell death can be observed. The precise mechanisms behind this 
deleterious transition are multifactorial and poorly understood. Sev-
eral pathways involved in the pathogenesis of T2DM have been sug-
gested, including ER stress raised by gluco-/lipotoxicity. In addition, 
the workload hypothesis postulated that the need for elevated insulin 
biosynthesis and secretion contributes to beta cell failure and death. 
Therefore, we investigated the effect of elevated insulin folding, dis-
tinctive for the compensatory phase of early T2DM, on luminal  H2O2 
generation, ER stress, cell viability. Furthermore, incubation with 
palmitic acid (PA) was combined with elevated insulin synthesis to 
determine a possible accelerating interaction of these investigated 
T2DM-related factors on beta cells.
Materials and methods: The ER-located  H2O2 sensor protein 
TriPer was expressed in insulin-producing RINm5F cells and was 
used for the quantification of  H2O2 formation in the ER caused 
by increased insulin folding with or without PA. Human insu-
lin expression was induced glucose-independently for 72 h by 
the inducible TetOn system (TetOn-hINS) with 0, 20 or 200 nM 
doxycycline (dox). To study potential synergistic harmful effects 
of high insulin expression and PA, cells were incubated with or 
without dox together with 50 μM PA for the last 24 h. Additional 
overexpression of catalase in the ER was used to verify the speci-
ficity of  H2O2 related effects. TriPer fluorescence was analysed 
by microscopy, UPR gene expression by qPCR, cell viability by 
MTT assay and apoptosis by caspase-3 activity.
Results: Induction of insulin expression resulted only with 200 nM 
dox in a significant increase of luminal  H2O2 (TriPer signal: -6.7%). 
Co-incubation with PA did not further increase this  H2O2 concentra-
tion, whereas PA with 0 and 20 nM dox resulted in a non-significant 
increase of  H2O2 (TriPer signal: -1.4% at 0 nM + PA, -2.9% at 20 
nM dox + PA). Of the examined UPR genes only Xbp1s was sig-
nificantly increased (1.3-fold) after accelerated insulin expression. In 
contrast, insulin expression combined with PA induced significantly 
the expression of Xbp1s (2.8-fold), Atf6 (1.7-fold), Atf4 (1.7-fold) 
and pro-apoptotic Chop (1.5-fold). Quantification of cell viability 
revealed that insulin expression alone caused a 10% reduction, but in 
combination with PA viability was 28% reduced. No increase of cas-
pase-3 activity was detectable after induction of insulin expression. 
However, insulin expression + PA led to a 50 (20 nM dox) and 120% 
(200 nM dox) increase. Although catalase expression could coun-
teract the luminal  H2O2 accumulation, no other attenuating effects 
were detectable.
Conclusion: We could demonstrate that accelerated insulin synthe-
sis increments  H2O2 generation in the lumen of the ER. The data 
corroborated that hyperinsulinism per se can cause ER stress and 
viability reduction without activation of apoptosis. However, hyper-
insulinism together with PA augments viability loss, activation of 
ER stress and finally triggers apoptosis. The inability of catalase to 
counteract this indicates the existence of further damaging factors 
besides  H2O2. These findings support the importance of reducing 
the high insulin demand in the initial phase of T2DM before gluco-/
lipotoxicity causes further beta cell damage.
Supported by: DDG (S.L.); DFG, PL 927/3-1 (T.P.); CONACYT/
DAAD (B.V.-H.)
Disclosure: S. Lortz: None.

457
Uncovering the secrets of beta cells: targeted ablation of cellular 
mass as a model of stress
L.-M. Daian, G. Tanko, A. Vacaru, E. Lamba, O.-M. Mardare, A.-M. 
Vacaru;
Institute of Cellular Biology and Pathology "N. Simionescu", Bucha-
rest, Romania.

Background and aims: Diabetes is a metabolic disease that currently 
affects half a billion people worldwide. Its incidence is expected to 
increase in time. Β-cells dysfunction is one of the main causes of 
diabetes. Adapting/modulating the β-cells to sustain normal insulin 
secretion in physiologically challenging conditions may lead to their 
longer resistance with an increased performance in the onset of dia-
betes. We aim to characterize the function of β-cells under stress and 
their ability to maintain normal glycemia levels upon progressively 
losing mass.
Materials and methods: NSG RIP-DTR mice express the human 
diphtheria toxin receptor (DTR) driven by the rat insulin 2 promoter, 
(RIP) in an immunosuppressed background. Upon injection with 
diphtheria toxin (DT), heterozygous NSG RIP-DTR females steadily 
lose β-cells mass. This controlled environment was used to study the 
adaptability/plasticity of the remaining β-cells at different time points.
Results: Mice were divided into experimental groups according to 
the number of DT doses administration which reflects various degrees 
of β-cells loss. Evaluation of blood insulin levels at these selected 
time points revealed no changes in the ability of the remaining β-cells 
to secrete this hormone. Assessment of proliferation markers sug-
gested that the compensatory mechanism of these remaining β-cells 
dose not relay on restoring the cellular mass, however these β-cells 
presented an enhanced processing of proinsulin to insulin compared 
with controls. Moreover, imaging analysis of islets from these indi-
viduals uncovered a crosstalk between different endocrine cells with 
changed hormone synthesis rates after acute depletion of β-cells.
Conclusion: Our results showed that upon progressive loss of β-cells 
mass, the remaining β-cells have increased adaptability to environ-
mental challenges offering them the ability to maintain their function 
by improving their protein processing mechanism.
Supported by: RO-NO-2019-0544; contract number 21/2020 BETAU-
PREG/the NO Grants 2014-2021
Disclosure: L. Daian: None.

458
Direct optical nanoscopy unveils signatures of cytokine-induced 
beta cell structural and functional stress
F. Cardarelli1, L.  Pugliese1, V. De  Lorenzi1, M.  Bernardi1, S. 
 Ghignoli1, M.  Tesi2, P.  Marchetti2, L.  Pesce1;
1Scuola Normale Superiore, Pisa, Italy, 2Department of Clinical and 
Experimental Medicine, Islet Cell Laboratory, University of Pisa, 
Pisa, Italy.

Background and aims: Type-1 Diabetes (T1D) is a chronic disease 
characterized by inflammation and dysfunction of pancreatic β-cells. 
Data collected so far using biochemical assays clarified that pro-
inflammatory cytokines (e.g. IL-1β, TNF-α, and IFN-γ) play a key role 
in promoting β-cell apoptotic failure, that is typically associated with 
increased intracellular oxidative stress, aberrant insulin secretion, and 
decreased cell responsiveness to glucose. In spite of this knowledge, no 
report thus far provided demonstration of these effects by direct imaging 
of β-cells exposed to cytokines. To tackle this issue, here we use high-
resolution optical-microscopy in rat Insulinoma 1E (INS-1E) β-cells.
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Materials and methods: Expansion microscopy (ExM) on fluo-
rescently-labelled cells was used to achieve the spatial resolution 
(~50 nm) needed to dissect the structural/morphological properties 
of four subcellular targets: i) insulin secretory granules (ISGs), ii) 
microtubules, iii) actin filaments, and iv) mitochondria (see figure). 
Label-free Fluorescence Lifetime Imaging Microscopy (FLIM) of 
the intrinsic cell auto-fluorescence was used to study quantitatively 
cell metabolic response to pro-inflammatory cytokines, in terms of 
NAD(P)H free/bound ratio, and monitor the intracellular accumula-
tion of reactive oxygen species (ROS)-related products.
Results: We provide direct observations of structural and functional 
alterations induced by cytokines in β-cells. Thanks to the high reso-
lution of ExM, it was found that 24-hours exposure to cytokines 
induces a ~40% reduction of the ISGs density (ISG number/μm2), 
marked depolymerization of microtubules (e.g. ~37% reduction in 
the number of branches, ~2-fold increase in the microtubule char-
acteristic mesh size), increased number of actin-positive membrane 
blebs, neat change in mitochondrial morphology (~55% reduction 
of mitochondrial area and ~80% increase in mitochondrial circular-
ity). At the same time, live-cell FLIM of NAD(P)H signal revealed 
that cytokine treatment is associated with a neat shift of cell meta-
bolic activity towards oxidative phosphorylation, comparable to that 
induced by glucose. This metabolic shift inhibits cell responsive-
ness to further glucose stimulation. Finally, FLIM of cell auto-fluo-
rescence unveils signatures of the effect of reactive oxygen species 
(ROS) at the subcellular level, with the emergence of oxidized lipid-
associated fluorescent species.
Conclusion: The presented experimental platform may guide future 
ex-vivo and in-vivo investigations aimed at evaluating quantitatively 
the contribution of the identified cytokine-induced signatures in 
Diabetes and, eventually, their modification in response to drug 
treatments.

Supported by: European Research Council (grant agreement N. 
866127, project CAPTUR3D)
Disclosure: F. Cardarelli: None.

459
Cytokine-mediated autophagy disturbances are mediated by a 
dysfunctional S1P degradation in pancreatic beta cells
E. Gurgul Convey1, Y.  Tang1, M. Gräler2, A. Jörns1;
1Inst. of Clinical Biochemistry, Hannover Medical School, Hannover, 
Germany, 2Department of Anesthesiology and Intensive Care Medi-
cine, University Hospital Jena, Jena, Germany.

Background and aims: Autophagy eliminates dysfunctional and/
or damaged cell components via lysosome-mediated degradation 
and promotes cellular homeostasis and survival. Previous studies 
have shown that exposure of beta cells to diabetogenic cytokines, 
that are involved in beta cell destruction under type 1 diabetes 

(T1D) development, results in autophagy disturbances; however, 
the underlying mechanisms remain unclear. Interestingly, loss of 
sphingosine-1 phosphate (S1P) degradation is involved in impaired 
autophagy in other cell types and this was linked to neurodegen-
erative diseases and cancer. We have shown before that cytokines 
disturb S1P catabolism in beta cells, leading to profound lipidome 
changes and participating in cytokine-mediated toxicity. Here 
we aim to uncover the role of S1P degradation in autophagy in 
cytokine-treated beta cells
Materials and methods: Rat insulin-secreting INS1E cells (control 
and overexpressing S1P lyase (SPL, 20-fold induction)) were incu-
bated with 600 U/ml IL-1β or a cytokine mixture (60 U/ml IL-1β, 
175 U/ml TNFα, 10 U/ml IFNγ) for 24 h. The expression of macro- 
and microautophagy markers was measured by real-time qPCR and 
Western blotting. The autophagy flux was analyzed by means of the 
EGFP-mRFP-LC3-based method. This tandem fluorescent-tagged 
autophagosomal marker allows the differential labeling of autophago-
somes vs. autolysosomes. Ultrastructure analyses were performed by 
transmission electron microscopy and lipid species were detected by 
LC-MS/MS after a methanol-based lipid extraction.
Results: Phosphatidylethanolamine (PE), which is an anchor for LC3 
on phagophore membranes, can be formed from phosphoethanola-
mine, a degradation product of S1P. Indeed, we observed a signifi-
cantly higher content of PE in INS1E-SPL vs. INS1E-ctr cells (160 
vs.100 %). The conversion of LC3 to LC3-II was more effective in 
INS1E-SPL than to INS1E-ctr cells, both in the absence and presence 
of cytokines. Also, well-known autophagy regulators, rapamycin and 
chloroquine, induced stronger effects in INS1E-SPL cells, indicating 
that a proper S1P catabolism is necessary for a functional autophagy 
regulation. The analysis of autophagy flux after exposure to cytokines 
using the fluorescent sensor pLC3-EGFP-mRFP revealed a higher 
number of autolysosomes in INS1E-SPL vs. INS1E-ctr cells. In 
line with this, the ultrastructure analysis after exposure to cytokines 
revealed features of impaired autophagy, together with accumulation 
of swollen mitochondria and dilated ER in INS1E-ctr in contrast 
to INS1E-SPL cells. Cytokines decreased the expression of specific 
receptors for mitophagy and ER-phagy in INS1E-ctr cells, but not in 
INS1-SPL cells. The expression of Fundc1, a mitophagy receptor, and 
Rtn3, an ER-phagy receptor, was significantly higher in INS1E-SPL 
exposed to cytokines (5-fold and 3-fold, respectively) than in INS1E-
ctr cells. This went along with a higher Mnf1, Lonp1 and Bip expres-
sion, but lower Chop in cytokine-treated INS1E-SPL cells, indicating 
the activation of protective mitochondrial and ER UPR mechanisms, 
without organelle stress response and damage.
Conclusion: We propose that the dysfunctional S1P degradation may 
be crucially involved in cytokine-mediated autophagy dysregulation 
and accumulation of damaged cellular components in beta cells in 
T1D.
Disclosure: E. Gurgul Convey: None.

460
Activated pancreatic stellate cells induce pancreatic islet dysfunc-
tion in chronic pancreatitis
X. Zhu, G. Li, L. Li;
Southeast University, Nanjing, China.

Background and aims: Chronic pancreatitis (CP) often develops 
diabetes. To date, our understanding of the development and patho-
genesis of CP-related diabetes has been very limited. In the present 
study, we used pancreatic duct ligation (PDL) as CP model to inves-
tigate morphological and functional relationships between pancreatic 
stellate cells (PSCs) and β-cell.
Materials and methods: CP was induced in male C57BL/6 mice by 
PDL. Pancreatic tissues were examined by immunohistochemistry 



S235Diabetologia (2023) 66 (Suppl 1):S1–S536 

1 3

and quantitative morphometry. Presence of PSCs in pancreatic 
endocrine and exocrine and changes of islet cells were evaluated by 
immunofluorescence staining. To elucidate the influence of PSCs 
on β-cell function, PSCs from mice with and without CP were co-
cultured with β-cell.
Results: We found fasting blood glucose and serum insulin levels 
remained normal in PDL mice. Activated PSCs were distributed 
in the islet and peri-islet exocrine pancreas in mice with CP. Islet 
hyperplasia occurred in the early stage of PDL mice, the area and 
the number of islets decreased significantly in the late stage of CP. 
Coculture of MIN6 cells with PSCs led to less insulin secretion and 
lower viability of β-cell than other groups.
Conclusion: Activated PSCs in islet may contribute β-cell loss in 
chronic pancreatitis. This provides a basis for further studies on the 
effects of PSCs activation on the biological characteristics of islet 
and related mechanisms.
Supported by: This study was funded by the National Natural Sci-
ence Foundation of China (No.82200929)
Disclosure: X. Zhu: None.

461
Pancreatic stellate cells promote pancreatic beta cell death 
through exosomal microRNA transfer in hypoxia
K.-H. Song, J.-S. Yun, E. Lee, S.-D. Moon, J.-H. Han, Y.-B. Ahn;
The Catholic Univ. of Korea, Seoul, Republic of Korea.

Background and aims: Hypoxia in pancreatic islets (islet hypoxia) 
can occur in type 2 diabetes mellitus. Previously, our in vitro exper-
iments demonstrated that pancreatic stellate cells (PSCs) within 
the islet are activated in hypoxia, promoting pancreatic beta cell 
death. Here, we aimed to demonstrate the in vivo activation of 
intra-islet PSCs and investigate the mechanism of PSC-induced 
beta cell death in hypoxia.
Materials and methods: A novel in vivo model of islet hypoxia was 
established by injecting fluorescent microspheres into a carotid artery 
of Balb/c mice (Microsphere mice). The intraperitoneal glucose toler-
ance (IPGTT) was performed, and pancreatic tissues were stained for 
insulin expression after tissue clearing. Pimonidazole staining was 
also performed in the pancreas to detect the presence of hypoxia in 
islets. Next, primary PSCs were isolated and cultured from Balb/c 
mice. Exosomes were isolated from culture media from PSCs cultured 
in hypoxia (1% oxygen). MicroRNAs (miRNAs) were prepared from 
exosomes from PSCs, and miRNA expression profiles were analyzed 
by miRNA sequencing. Several miRNAs were overexpressed in islets 
using miRNA mimics.
Results: Two weeks after injection of microspheres, the Micro-
sphere mice showed worsening of glucose tolerance in IPGTT. 
Later, cataracts were developed in the eyes of the mice. The pan-
creas showed that the areas, perimeters, and diameters of insulin-
positive cells decreased in Microsphere mice. Pimonidazole adducts 
were detected in the islets of these mice, indicating the presence 
of islet hypoxia. In addition, α-smooth muscle actin-positive areas 
per islet were higher in Microsphere mice, confirming the in vivo 
activation of intra-islet PSCs in hypoxia. Mouse islets cultured with 
exosomes isolated from PSCs cultured in hypoxia showed a decrease 
in cell viability. The exosomes contained a variety of miRNAs, of 
which miR-23a-3p was found to notably increase beta cell death 
through apoptosis.
Conclusion: Together, these findings provide evidence to support 
that PSCs within the islets are activated in hypoxia and promote beta 
cell death through exosomal miRNA transfer, which may contribute 
to the progression of type 2 diabetes mellitus.

Supported by: This work was supported by the National Research 
Foundation of Korea (NRF) grant funded by the Korea government 
(MSIT) (No. 2020R1A2C1004405)
Disclosure: K. Song: Grants; National Research Foundation of Korea 
(NRF) grant funded by the Korea government.
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Increased MANF expression in pancreatic beta cells protects 
from streptozotocin-induced beta cell death and diabetes in 
mice
H. Li1, T.  Danilova1, E.  Palm1, E.  Pakarinen1, J.  Konovalova1, T. 
 Otonkoski2,3, M.  Lindahl1;
1Institute of Biotechnology, HiLIFE, University of Helsinki, Helsinki, 
Finland, 2Stem Cells and Metabolism Research Program, Faculty of 
Medicine, University of Helsinki, Helsinki, Finland, 3Department of 
Pediatrics, Helsinki University Hospital, Helsinki, Finland.

Background and aims: Type 1 Diabetes (T1D) is characterized by 
a progressive autoimmune destruction of pancreatic beta cells results 
in insulin deficiency. Unresolved endoplasmic reticulum (ER) stress 
induced by local pro-inflammatory cytokines and chemokines con-
tribute to the pancreatic beta cell death and insulin deficiency in T1D. 
Mesencephalic astrocyte-derived neurotrophic factor (MANF) is a 
small ER stress-regulating factor with cell protective and regenera-
tive roles in various rodent disease models. We previously showed 
that conventional and pancreas-specific MANF knockout mice develop 
insulin-deficient diabetes due to progressive postnatal loss of beta cells 
caused by sustained ER stress. Conditional removal of MANF specifi-
cally from adult beta cells revealed that endogenous MANF expres-
sion is mandatory for postnatal beta cell expansion and maintenance 
in mice. In human, MANF-deficiency is associated with childhood 
syndromic diabetes due to increased ER stress and defect in proinsulin 
processing and secretion. Exogenous MANF protein induces prolifera-
tion of human and mouse beta cells and protects them from ER stress-
induced cell death triggered by chemical ER stressor and cytokines 
mimicking T1D in vitro. In vivo, AAV-MANF induced overexpression 
in pancreas protected beta cells from streptozotocin (STZ)-induced 
beta cell death. Thus, we wanted to investigate the therapeutic effect 
of induced transgenic MANF overexpression in two diabetes mouse 
models induced by STZ and study the mechanisms of MANF action.
Materials and methods: We generated doxycycline inducible bi-
transgenic mice that overexpressed MANF under the insulin promoter 
(INS-MANF). To study the effect of MANF overexpression in beta 
cells, mice were given doxycycline at different ages and different time 
periods. We induced diabetes in the INS-MANF mice by injection of 
one high single dose of STZ and by injections of multiple low doses of 
STZ (MLDS). Beta cell mass, proliferation, death and insulitis scores 
were analyzed from the pancreases. Primary beta cells isolated from 
INS-MANF mice were challenged with STZ, and cytokines to eluci-
date the mechanism of MANF protective action in beta cells in vitro.
Results: Increased MANF expression in beta cells conferred pro-
tection against beta cell death and hyperglycemia in both models of 
STZ-induced diabetes (at the end point p<0.01, two-way ANOVA 
followed by Tukey´s post hoc test). In addition, MANF-overexpres-
sion efficiently protected against islet lymphocyte infiltration with 
reduced insulitis in the MLDS model of T1D. In vitro, recombinant 
MANF protein and induced MANF overexpression in beta cells 
protects against STZ-induced beta cell death by reducing beta cell 
ER stress, inflammation and oxidative stress.
Conclusion: We conclude that increased endogenous levels of 
MANF in beta cells is protective against diabetogenic insult and 
inflammation and induces beta cell proliferation in adult mice, thus 
constituting a promising therapeutic candidate for T1D.
Supported by: JDRF no. 2-SRA-2022-1202-S-B, 2-SRA-2018-496 
and 17-2013-410, Academy of Finland no. 333974
Disclosure: H. Li: None.

463
Small-molecule inhibitors of protein-protein interaction 
between TYK2 and IFNAR1 as a new strategy to prevent 
inflammation in early type 1 diabetes
L. Marroqui1,2, D. Guzmán-Llorens1, A. Pérez-Serna1,2, J.-A. 
 Encinar1, R.S. dos  Santos1,2;
1IDiBE-Universidad Miguel Hernandez, Elche (Alicante), Spain, 
2CIBER de Diabetes y Enfermedades Metabólicas Asociadas, Insti-
tuto de Salud Carlos III, Madrid, Spain.

Background and aims: Type 1 diabetes (T1D) is a chronic autoim-
mune disease characterized by islet inflammation and specific destruc-
tion of beta cells by the immune system. Type I interferons, such as 
IFNα, are key players in early human T1D pathogenesis, as the activa-
tion of the tyrosine kinase 2 (TYK2)-signal transducer and activator 
of transcription (STAT) pathway induces MHC class I overexpression, 
endoplasmic reticulum stress, and beta cell apoptosis (in synergy with 
IL-1β). Targeting the type I IFN signalling pathway has been suggested 
as a therapeutic approach for T1D. In fact, inhibitors of Janus kinase 
(JAK) proteins have shown great potential in preventing IFNα-induced 
signalling in beta cells. However, as the mode of action of the first-
generation of JAK inhibitors present some specificity issues, efforts 
to discover new ways to inhibit these proteins are needed. Thus, here 
we tested whether small molecules that block the interaction between 
the TYK2 FERM-SH2 domain and the IFNα receptor, IFNAR1, could 
inhibit the IFNα-induced signalling pathway in beta cells.
Materials and methods: For molecular docking, we used the crystal 
structures of the human TYK2 FERM-SH2 domains with an IFNAR1 
intracellular peptide. We screened 6 small-molecule libraries for com-
pounds with length and volume compatible with the cavities of the 
interaction zone between IFNAR1 and TYK2. Molecular docking calcu-
lations were performed with the AutoDock/Vina software. Next, we per-
formed short-time molecular dynamics simulations using the structure of 
the human TYK2 FERM-SH2 domain using the NAMD software. Cell 
viability was evaluated by Hoechst/PI staining or MTT. The ISRE pro-
moter activity was assessed by a luciferase assay. Protein expression was 
measured by western blot, respectively. IFNα or a combination of IFNα 
+ IL-1β was used to model the proinflammatory milieu in early T1D.
Results: Upon screening more than 710,000 compounds using molec-
ular docking, 40 compounds were selected for molecular dynamics 
simulations. We established two criteria for compound selection: i) 
molecules whose trajectories showed deviations lower than 20 Å from 
the starting configuration for over 100 ns, and ii) molecules with 
binding free energy ≥ 20 kcal/mol. Upon molecular dynamics simu-
lations, we obtained 37 stable molecules that fulfilled both criteria. 
Here, we tested 4 compounds. Upon 48 h treatment, only the highest 
dose (i.e., 100 μM) of each compound was cytotoxic in INS-1E cells 
(n=3; p<0.05). In human EndoC-βH1 cells, only 100 μM compound 
4 was toxic after 48 h exposure (n=4; p<0.05). Upon stimulation 
with IFNα, only compounds 2 and 4 at 5 μM showed a significant 
20% decrease in ISRE activity (n=4; p<0.05) in EndoC-βH1 cells. 
These same compounds inhibited IFNγ + IL-1β-induced apoptosis in 
EndoC-βH1 cells (50% protection at 5 μM n=4; p<0.001 and p<0.01, 
respectively). Curiously, none of the compounds tested inhibited 
IFNα-induced STAT1/2 phosphorylation in EndoC-βH1 cells (n=3).
Conclusion: These findings suggest that our bioinformatics approach 
is suitable for screening and selection of small-molecules and that 
some of our selected compounds can prevent IFNα + IL-1β-induced 
apoptosis in human beta cells.
Supported by: This project has received support from by Agencia 
Estatal de Investigación (PID2020-117569RA-I00)
Disclosure: L. Marroqui: None.
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Inhibition of mTOR prevents senescence induced by glucotoxicity 
in mouse islet cells without preserving their electrophysiological 
features
T.J. Guzmán1, C.M. Gurrola-Díaz2, M. Düfer1;
1Department of Pharmacology, University of Münster, Münster, Ger-
many, 2Departamento de Biología Molecular y Genómica, Universi-
dad de Guadalajara, Guadalajara, Mexico.

Background and aims: An over-activation of the mechanistic target of 
rapamycin (mTOR) pathway promotes senescence and age-related dis-
eases such as type 2 diabetes. Moreover, the regenerative potential of 
pancreatic islets deteriorates with ageing. Whether metabolic stress influ-
ences senescence in primary islet cells through mTOR activation is not yet 
known. Likewise, the relevance of the mTOR pathway for electrophysi-
ological features of islet cells exposed to these conditions has not been 
addressed. Thus, we investigated whether senescence is induced in mouse 
islet cells by in vitro conditions promoting metabolic stress and whether 
inhibition of mTOR by rapamycin plays a protective role against senes-
cence. We evaluated the effect of rapamycin on the senescence-associated 
beta-galactosidase (SA-beta-gal) and the  p16INK4a protein in islet cells cul-
tured under glucotoxic conditions. Subsequently, reactive oxygen species 
(ROS), intracellular calcium levels, and electrical activity were assessed 
to gain insight about the functional implications of senescence-inducing 
conditions and the mTOR inhibition with rapamycin.
Materials and methods: Islets were isolated from male and female 
C57BL6/N mice. Islet or MIN6 cells were exposed to glucotoxicity 
(33 mmol/l glucose) and treated with rapamycin or vehicle for either 
72 h or 7 days. SA-beta-gal was evaluated with the fluorogenic sub-
strate  C12FDG.  p16INK4a expression and localization were analysed by 
confocal microscopy. ROS were determined with DCF and MitoSOX, 
calcium with Fura-2 AM, and the electrical activity by microelectrode 
arrays. After evaluating data distribution, inferential statistics were 
performed by one-way ANOVA or Kruskal-Wallis test followed by 
Newman-Keuls’ or Dunn’s post hoc, respectively.
Results: Mouse islet cells exhibit a significant increase (~67%, n=5, 
p<0.001) in the SA-beta-gal levels after exposure to glucotoxic con-
ditions for 72 h. Glucotoxicity does not markedly influence  p16INK4a 
protein in islet cells after 72 h, but increases its levels significantly 
(~54%, n=22, p<0.05) after a 7-day incubation without altering the 
nucleus-to-cytosol  p16INK4a content ratio. Inhibition of mTOR with 
a low concentration of rapamycin (1 nmol/l) prevents the increase of 
SA-beta-gal (n=5, p<0.001) and  p16INK4a protein (n=22, p<0.001) 
mediated by glucotoxicity. At the functional level, the oxidative state, 
superoxide levels, intracellular calcium homeostasis, and electrical 
activity are clearly disturbed by glucotoxicity after 72 h. Unexpectedly, 
in contrast to its beneficial effects on the senescence markers, mTOR 
inhibition with rapamycin does not prevent these functional alterations.
Conclusion: Our data indicate an influence of glucotoxicity on pan-
creatic beta cell senescence and a reduction of the senescence markers 
by mTOR inhibition with rapamycin. This is considered to be relevant 
for the preservation of the islet’s regenerative potential. Reducing the 
influence of mTOR is not suited to entirely protect against pancreatic 
islet cell dysfunction promoted by glucotoxicity, as this could rely on 
mechanisms additional to the mTOR pathway.
Supported by: Georg Forster Postdoctoral Research Fellowship Pro-
gram by the Alexander von Humboldt Foundation
Disclosure: T.J. Guzmán: None.

465
Identification of miRNAs able to protect beta cells from glucoli-
potoxicity using a high throughput screening approach
S. Pinhancos1, J.T.  Oliveira2, J.  Santos2, C.  Alves3, L.  Ferreia4, M. 
 Gotthard5, J.  Jones1, H.  Fernandes4;

1CNC - Center for Neurosciences and Cell Biology, CIBB - Centre for 
Innovative Biomedicine and Biotechnology, Coimbra, Portugal, 2Centro 
Hospitalar Universitário do Porto, Porto, Portugal, 3Coimbra Institute for 
Clinical and Biomedical Research (iCBR), Faculty of Medicine, University 
of Coimbra, Coimbra, Portugal, 4CNC - Center for Neurosciences and Cell 
Biology, Faculty of Medicine, University Coimbra, Coimbra, Portugal, 
5Radiology and Nuclear Medicine, Nijmegen, Netherlands.

Background and aims: The incidence of type 2 diabetes mellitus (T2DM) 
is increasing, as a result of an obesity epidemic. Evidence suggests that 
high levels of circulating glucose and free fatty acids, i.e., glucolipotoxic-
ity, are key drivers of β cell dysfunction/death and thus major contributors 
to T2DM onset. In vitro exposure of β cells to glucolipotoxicity mimics 
pathophysiological conditions and is a model to study the mechanisms 
governing glucolipotoxicity-induced cell death (GICD). microRNAs (miR-
NAs) are a class of small noncoding RNAs that regulate many biological 
processes such as proliferation and apoptosis and are highly enriched in 
Extracellular Vesicles (EV). Moreover, miRNA dysregulation has been 
associated with a wide range of diseases, including T2DM and obesity. 
Bariatric Surgery (BS) is a safe and effective treatment to manage obesity 
and diabetes, culminating in sustainable weight loss and improving gly-
cemic control. Interestingly, many morbidly obese patients eligible for BS 
are not diabetic suggesting the existence of a mechanism protecting ß cells 
from GICD. Aim:Identity miRNAs capable of rescuing ß cells from GICD.
Materials and methods: INS1E cells were individually transfected 
with a library of 2080 miRNA mimics and exposed to glucolipotox-
icity (0.75 mM PA + 25 mM glucose). Metabolic rate and cell mass 
were evaluated. RNA-Sequencing, glucose-stimulated insulin secre-
tion (GSIS) assay, and immunocytochemistry were used to identify 
the role of one of the selected miRNAs in ß cell identify and function.
Results: We identified 17 miRNAs capable of rescuing ß cells from 
GICD. Interestingly, one of the identified miRNAs was able to rescue ß 
cells whilst also enhancing the survival and function of endothelial cells 
exposed to hypoxia and glucolipotoxicity, respectively. This miRNA 
was found to rescue GICD, by a process mediated by the ERK/AKT 
pathway. Functionally, exposure of INS1E cells to glucolipotoxicity 
stimulated GSIS and, upon transfection with the miRNA, a decrease 
in hyperinsulinemia was observed. RNA-Sequencing showed that the 
selected miRNA restored genes involved in ß cell identity (up-regu-
lated MafA, Pdx1, Nkx6.1) and regulated the thermogenesis pathway. 
Importantly, we have analyzed the expression of 5 of the 17 miRNAs 
in plasma-derived EVs in a cohort of patients undergoing bariatric sur-
gery and showed that their expression was higher in obese non-diabetic 
patients than in obese diabetic patients. These results suggest that the 
identified miRNAs may have a protective role in the context of obesity.
Conclusion: Our HTS identified several miRNAs capable of prevent-
ing glucolipotoxicity-induced cell death and/or dysfunction. These 
miRNAs can be used as a novel therapy to rescue ß cell function and/
or as biomarkers of disease in the context of obesity.
Supported by: Fundação para a Ciência e Tecnologia (SMP, SFRH/
BD/144119/2019); (HF CEECIND/01880/2018; ZonMW (The Neth-
erlands Organisation for Health Research and D
Disclosure: S. Pinhancos: None.

466
The impact of glucose metabolism upon pancreatic beta cell 
autophagy is time dependent
A. Williams1, M.  Georgiou1, P.E.  Lovat2, C.  Arden1;
1Newcastle University, Biosciences Institute, Newcastle upon Tyne, 
UK, 2Newcastle University, Translational and Clinical Research Insti-
tute, Newcastle upon Tyne, UK.

Background and aims: Type 2 diabetes (T2D) is a chronic disease 
characterised by hyperglycaemia and beta cell dysfunction. Whilst it 
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is accepted that functional beta cell mass is lost during the pathogen-
esis of T2D, the underlying mechanisms remain unclear. Evidence of 
impaired macroautophagy (autophagy) has previously been observed 
in the islets of patients with T2D. Autophagy is a cellular recycling 
process regulated by the nutrient-sensitive AMPK and mTOR signalling 
pathways. Recent research has indicated that mTOR signalling becomes 
hyperactivated in beta cells during chronic hyperglycaemia, however, 
the consequent impact upon autophagy was not explored. The aim of 
the current study was to determine how acute and chronic stimulation 
of glucose metabolism influences autophagy in pancreatic beta cells.
Materials and methods: Autophagy was evaluated in the rat INS-
1E and human EndoC-βH1 beta cell lines, as well as in human 
islets. Glucose metabolism was induced by exposing beta cells to 
the pharmacological glucokinase activator (GKA) RO-28-1675 for 
2-48h. Autophagy, and its regulatory signalling pathways, were then 
assessed by western blotting for LC3-II conversion and protein phos-
phorylation. p62 immunostaining and tandem GFP-LC3-RFP fluores-
cence microscopy were used to measure autophagic flux.
Results: Acute (2h) GKA exposure inhibited the activation of 
autophagy in INS-1E and EndoC-βH1 cells (INS-1E, 34.00% ± 
5.77 decrease and EndoC-βH1, 21.65% ± 3.71 decrease in LC3-II/
GAPDH; p<0.05). The mTOR signalling pathway was also upregu-
lated in response to acute (2h) GKA exposure in both beta cell lines, 
evidenced by S6 protein phosphorylation (INS-1E, 1.67-fold ± 0.21 
increase and EndoC-βH1, 1.25-fold ± 0.09 increase; p<0.05). Inhibi-
tion of mTOR signalling, using Torin 1, prevented the GKA-induced 
decrease in LC3-II conversion in INS-1E and EndoC-βH1 cells 
(p<0.05), suggesting that the effects of the acute GKA treatment were 
mTOR-dependent. Conversely, chronic (48h) GKA exposure appeared 
to impair autophagic flux in both immortalised beta cell lines (INS-1E, 
2.68-fold ± 0.66 increase and EndoC-βH1, 1.35-fold ± 0.13 increase 
in p62/GAPDH). It was also observed that 48h GKA exposure acti-
vated mTOR signalling less robustly in human islets, compared to a 2h 
exposure (2h GKA, 1.90-fold ± 0.33 increase vs 48h GKA, 1.26-fold ± 
0.23 increase in phospho-S6/total S6). The inhibitory effects of acute 
(2h) GKA exposure were maintained under glucolipotoxic conditions, 
whilst chronic (>18h) GKA exposure exacerbated the effects of glu-
colipotoxic stress on measurements of autophagy. Results also showed 
that 48h GKA exposure elevated the ER stress marker proteins phospo-
eIF2α and CHOP in immortalised beta cell lines.
Conclusion: Results suggest that acute stimulation of glucose 
metabolism inhibits beta cell autophagy through an mTOR-dependent 
mechanism. Chronic stimulation of glucose metabolism, mimicking 
hyperglycaemic conditions, impairs autophagic flux and exacerbates 
ER stress. Our study reveals an important role for glucose sensing 
in regulating beta cell autophagy, with chronic stimulation of this 
pathway negatively influencing autophagic flux.
Supported by: DUK PhD studentship
Disclosure: A. Williams: None.

467
Ripk1 is dispensable for beta cell survival in diabetes
Ö. Veli1,2, X.  Hildebrandt1,2, P.  Xiao3, Y.  Estornes4, Ö.  Kaya1,2, 
M.J.M.  Bertrand4,5, A.K.  Cardozo1, N.  Peltzer1,2;
1Cellular Stress Responses in Aging-Associated Diseases (CECAD), 
Cologne, Germany, 2Department of Translational Genomics, Cen-
tre for Molecular Medicine Cologne (CMMC), Cologne, Germany, 
3Experimental Gastroenterology Laboratory and Endotools, Brussels, 
Belgium, 4VIB Center for Inflammation Research, Ghent, Belgium, 
5Department of Biomedical Molecular Biology, Ghent University, 
Ghent, Belgium.

Background and aims: Diabetes is a chronic metabolic disorder 
which is characterized by high blood glucose, known as hypergly-
caemia. Although diabetes can develop due to different mechanisms, 
the loss of insulin-secreting β-cells is one of the main culprits of the 
disease. TNF is a pro-inflammatory cytokine which is associated with 
β-cell loss. Besides being a proinflammatory cytokine, TNF can also 
induce cell death, apoptosis, and necroptosis. However, the mecha-
nism of TNF-induced cell death in β-cells is not well characterized. 
RIP kinase 1 (RIPK1) is a key node in TNF signalling and is required 
to prevent TNF-induced cell death. While the scaffolding function of 
RIPK1 is pro-survival, its kinase function is required for necroptosis 
induction. To better understand TNF signalling in β-cells and in cel-
lular fate decisions by TNF, we set out to study the role of RIPK1 
in β-cell homeostasis and its implication in diabetes pathogenesis.
Materials and methods: We generated a mouse model, in which 
β-cells lack RIPK1 (Ripk1β-KO).  Ripk1β-KO mice were monitored 
weekly for their blood glucose, and weight gain and subjected to 
glucose tolerance tests (GTT) to assess whether they develop a spon-
taneous metabolic disorder. Multiple low-dose streptozotocin (MLD-
STZ) and high-fat diet (HFD) were utilized as experimental models 
of diabetes. Moreover, the sensitivity of primary islets of  Ripk1β-KO 
mice to TNF-induced cell death was evaluated ex-vivo.
Results: Ripk1β-KO mice presented normal blood glucose and weight 
gain. At different stages of life, their glucose tolerance was not differ-
ent from the control littermates. Moreover, Ripk1β-KO mice developed 
hyperglycaemia equally to littermate control mice when challenged 
with different diabetic stimuli, MLDSTZ and HFD. The deficiency 
of RIPK1 did not affect the sensitivity of islets to TNF-induced cell 
death ex-vivo.
Conclusion: Unlike many other cell types, we showed that RIPK1 is 
not required for the survival of β-cells under challenged or unchal-
lenged conditions. Overall, our results suggest that β-cells are resist-
ant to TNF-induced cell death even when they lack key pro-survival 
proteins. This can be due to the pro-survival adaptation of β-cells to 
survive inflammatory milieu which warrants further investigation.
Supported by: JMSF
Disclosure: Ö. Veli: None.
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Effect of chronic pancreatitis on beta cell function and glucose 
metabolism
G. Ciccarelli1, G. Di  Giuseppe1, L.  Soldovieri1, M.  Brunetti1, U. 
 Capece1, F.  Cinti1, S.  Moffa1, A.  Mari2, A.  Giaccari1, T.  Mezza1;
1Fondazione Policlinico Universatorio A. Gemelli, Rome, Italy, 
2Institute of Neuroscience, National Research Council, Padua, Italy

Background and aims: Chronic pancreatitis (CP) is the most frequent 
cause of diabetes due to pancreatic diseases, known as type 3c diabetes 
mellitus (T3cDM). Although the specific alterations of T3cDM are 
not completely understood, individuals with T3cDM are considered 
affected by pancreatic endocrine insufficiency and often treated with 
insulin. To investigate the functional alterations of T3cDM, we evalu-
ated differences in beta-cell function in patients with and without CP, 
classified according to their glucose tolerance (NGT, IGT, DM).
Materials and methods: We recruited 50 patients with CP and 96 indi-
viduals without CP (NCP). All participants underwent OGTT, hyperglyce-
mic clamp (HC), hyperinsulinemic euglycemic clamp and mixed meal test 
(MMT) with measurement of GLP-1 and glucagon. Basal insulin secretion 
rate (ISR), total ISR, rate secretion and β-cell glucose sensitivity (RS and 
GS) were estimated by mathematical models from OGTT, MMT and HC.
Results: Comparing individuals classified into NGT, IGT or DM 
based on OGTT-derived glucose tolerance, we did not find any dif-
ference in beta-cell function derived by OGTT and MMT within the 
same category (e.g.: NGT-CP vs. NGT-NCP). GLP-1 and glucagon 
secretion during MMT was not significantly different between CP vs. 
NCP. Of note, we found that insulin secretion after arginine stimulus 
in HC, an indirect measure of beta-cell mass, was reduced only in 
DM-CP vs. DM-NCP (ARG CP 397 (132; 662) pmol/l vs NCP 795 
(604; 1134) pmol/l; p= 0.023). No difference was found in insulin 
sensitivity evaluated as glucose uptake during euglycemic clamp.
Conclusion: At equivalent levels of glucose tolerance, patients with 
CP had similar beta-cell function, GLP-1 and glucagon secretion to 
individuals without CP. People with T3cDM have less beta-cell mass 
than patients with DM without CP, but analogous residual beta-cell 
function, so they could benefit from other therapies apart from insu-
lin. Future studies are warranted to investigate differences in beta-cell 
function decline between type 2 diabetes mellitus and T3cDM.
Disclosure: G. Ciccarelli: None.
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Prohormones processing and exocrine markers in type 1 diabetes
Z.S. Mahmood1, C.  Dayan1, S.  Luzio2, G.  Dunseath3, S.  Wong1;
1University hospital of Wales, Cardiff, UK, 2Swansea University, 
Swansea, UK, 3Swansea university, Swansea, UK.

Background and aims: Although Type 1 diabetes (T1D) is known to 
be an autoimmune disease caused by an abnormal immune response 
leading to the destruction of the pancreas, there is now evidence sug-
gesting that autonomous defects within the beta cell may play a vital 
role for the development and/or the progression of T1D. An abnor-
mal prohormones’ processing to their physiological, fully function-
ing forms is one of the proposed autonomous defects. It is expected 
that new-onset T1D will manifest widespread pancreatic dysfunction. 
Particularly, proinsulin: C-peptide, proglucagon: glucagon ratios will 
change as compared with healthy controls. To look at these changes as 
the disease progress, we compared them with a cohort of long-stand-
ing T1D. As well as endocrine pancreatic markers, exocrine markers 
are anticipated to be involved in these changes. The aim is a better 
understanding of the beta cell (pancreatic islets) function and to find a 

marker/ a composite of markers that reflect the function/ health of the 
pancreas in people with T1D.
Materials and methods: Cohorts were collected from previously con-
ducted studies; the USTEKID (Phase II multi-centre, double-blind, 
randomised trial of Ustekinumab in adolescents with new-onset Type 1 
Diabetes) and the ISTID (The immune cell Studies in Type 1 Diabetes). 
Samples from the USTEKID were taken at baseline, after 6 months and 
after 12 months. Baseline and 1-year samples were collected follow-
ing a mixed meal tolerance test (MMTT) at times 0,15,30,60,90,120 
minutes. Whereas cohorts from the ISTID is a cross-sectional and they 
are divided into healthy donors (HD), newly diagnosed T1D (ND), and 
long-standing diabetes (LS). Proinsulin was measured in two forms by 
two different assays: total proinsulin and intact proinsulin. A compari-
son among these three cohorts were made by Kruskal Wallis test. For 
a post hoc analysis Dunn’s test with Bonferroni adjustment was used.
Results: Our validation cohorts from the ISTID samples showed that 
intact proinsulin-to- c peptide ratio was a significantly different across 
all three groups. The highest ratio is seen in the ND group (P= 0.0001), 
the lowest ratio observed in the HD group (p=0.0001). Similar trend was 
observed for the total proinsulin-to-c peptide ratio which was also statisti-
cally significant). For amylase a gradual decline observed across the three 
groups (HD, ND, LS), the medians were (25, 18, 16 U/L), respectively 
(P=0.0001). lipase followed a similar trend of decline (median=40, 30, 
28 U/L, p=0.0012, respectively). However, the difference between the 
ND and LS was not significant (p=0.45). For the USTEKID cohort, the 
intact proinsulin peaked at time 120 and it increased from (median=3.9 
to 13.7 pmol/l, respectively. P=0.0001) and the total proinsulin increased 
form (median=42 to 109 pmol/l, respectively. P=0.0001) after the 
MMTT. While the ratios of both proinsulin-to-c peptide were constant 
throughout the MMTT profile. Finding from the baseline will be fol-
lowed up prospectively at time 6months and 12months.
Conclusion: We have confirmed earlier findings of changes in Pro-
insulin and pancreatic exocrine enzymes in T1D. Previous literature 
measured proinsulin at one time points or two (fasting and stimulated), 
we are presenting a full profile of two proinsulin (intact, and total) and 
comparing them prospectively over a 1-year period in the USTEKID 
cohort.
Clinical Trial Registration Number: 2018-000015-24
Disclosure: Z.S. Mahmood: None.

470
Pilot study: non-invasive imaging of CD8+ T-cell infiltration dur-
ing the development of type 1 diabetes in non-obese diabetic mice
S. Tokgöz1, C.  Frielink1, S.  Heskamp1, P.  Wierstra1, I.  Hagemans2, 
M.  Verdoes2, M.  Gotthardt1, M.  Boss1;
1Medical Imaging, Radboud University Medical Center, Nijmegen, 
Netherlands, 2Tumor immunology, Radboud University Medical 
Center, Nijmegen, Netherlands.

Background and aims: Type 1 diabetes (T1D) is a chronic auto-
immune disease caused by immune-mediated destruction of insulin 
producing beta cells. Beta cell destruction is preceded by immune 
cell infiltration inducing inflammation of the pancreatic islets, the 
so-called insulitis. Although several studies suggest a potential role of 
autoreactive T-cells in the pathophysiology of T1D, the exact course 
of the T-cell infiltration during disease development is still unknown. 
Therefore, we have developed a non-invasive in vivo imaging tech-
nique to monitor CD8+ T-cells during the course of T1D using 
111In-labeled anti-CD8 SPECT/CT. The aim of this pilot study was 
to determine the feasibility of SPECT/CT imaging to monitor CD8+ 
T-cell infiltration during early immune cell infiltration, insulitis and 
new-onset diabetes phases of T1D in non-obese diabetic (NOD) mice.
Materials and methods: Fifteen female NOD mice aged 6, 13 and 
18 weeks (n=5/group), representing early immune cell infiltration, 
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insulitis and new-onset diabetes phases respectively, were used in 
this study. Mice were injected intravenously with  [111In]In-anti-CD8 
(12.5 MBq; 8.5 μg). Three days after injection, in vivo SPECT/CT 
imaging was performed followed by ex vivo SPECT/CT imaging of 
the pancreas, ex vivo biodistribution, autoradiography and immuno-
histochemistry (IHC) with H&E and CD8+ T-cell staining.
Results: Our results showed tracer uptake in the pancreas during the 
development of T1D with no significant differences in pancreatic uptake 
between the early immune cell infiltration (6-week-old NOD mice) and 
insulitis (13-week-old NOD mice) phases of T1D (1.4±0.68 vs 1.1±0.55 
%ID/g, p=0.99). This was in line with IHC showing similar CD8+ 
T-cell infiltration in these two groups. In one mouse with new-onset 
T1D, we noticed lower pancreatic tracer uptake (0.34 %ID/g), which 
correlated well with low pancreatic CD8+ T-cell infiltration observed 
using IHC. In addition, we observed a clear correlation between pancre-
atic tracer uptake on autoradiography and CD8+ T-cell staining on IHC.
Conclusion: This imaging technique allows to non-invasively follow 
CD8+ T-cell infiltration in the pancreas during the development of 
T1D. More research is required to increase our knowledge about the 
immunological processes involved in the pathophysiology of T1D, 
which can be used to design clinical studies and thereby to possibly 
permit targeted therapies in T1D. This imaging technique has the 
potential to represent a valuable tool to monitor responses of targeted 
therapies. Since this imaging technique is already available in the 
clinics, it offers great opportunities for future clinical studies.

Disclosure: S. Tokgöz: None.

471
Assessing variation of beta cells heterogeneity during diabetes 
progression
E.-M. Lamba, G. Tanko, O.-A. Mardare, L.M. Daian, A.M. Vacaru, 
A.-M. Vacaru;
Institute of Cellular Biology and Pathology “Nicolae Simionescu”, 
Bucharest, Romania.

Background and aims: Diabetes occurs when pancreatic β-cells fail 
to meet insulin demand due to loss of β-cell mass and/or function. 
Recent work has shown that physiologically, β-cells go through differ-
ent dynamic states to meet insulin demands. These are characterized 
by differential levels of both proinsulin and insulin expression that 
form a heterogeneity within the islets. How these different popula-
tions of cells are distributed in healthy and diabetic individuals was 
not yet thoroughly described. In this study, we aimed to character-
ize in detail how does β-cells heterogeneity vary during diabetes 
progression.

Materials and methods: Our experiments were done in non-obese 
diabetic female mice (NOD) of various prediabetic ages (from 4 to 12 
weeks old), as well as new onset (NO) diabetic mice. As controls, we 
used non-obese resistant mice (NOR) of corresponding ages.
Results: By quantification of immunofluorescence images from cryo-
sections of islets stained against proinsulin and insulin, we assessed 
the ratio between these two proteins. We found that accumulation of 
proinsulin increased with age, as observed in 12-weeks NOD mice, 
compared with younger mice in which both proinsulin and insulin 
were processed proportionally. In NO mice the ratio drastically 
decreased, mainly because the β-cells were highly stressed, not being 
able to synthetize proinsulin and the remaining content of insulin is 
consumed. Employing a complex analysis that assessed both proin-
sulin and insulin levels within the same cell, we managed to separate 
several populations of β-cells based on different thresholds for both 
proteins that varied significantly during diabetes progression. Our 
data showed loss of both populations of medium and highly express-
ing proinsulin and insulin β-cells in the NOD mice. In parallel, these 
results were validated through electron microscopy.
Conclusion: In conclusion, our results showed that we can robustly 
assess the heterogeneity of β-cells populations within the islets using 
an imaging technique, allowing for a better characterization of insu-
lin processing. With this, one will be able to follow how a specific 
population of cells is targeted by a certain treatment.
Supported by: RO-NO-2019-0544; 21/2020 BETAUPREG/ NO 
Grants 2014-2021
Disclosure: E. Lamba: None.

472
Endoc-βH5: a highly functional human pancreatic beta cell that 
can model type 1 diabetes T-cell mediated beta cell killing
H. Olleik1, C.  Halliez2, S.  Thomaidou3, M.  Pilette1, M.  Taurand1, 
C.  Cavanihac1, A.  Piet1, A.  Zaldumbide3, R.  Mallone2, B.  Blanchi1;
1Human Cell Design, Toulouse, France, 2Université Paris Cité, Insti-
tut Cochin, Paris, France, 3Department of Cell and Chemical Biology, 
Leiden University Medical Center, Leiden, Netherlands.

Background and aims: Given the continuously increasing number 
of diabetes patients worldwide, the need for physiologically relevant 
human cellular models is greater than ever. Here we demonstrated 
that EndoC-βH5 human beta cells and their HLA-A2 counterpart 
represent powerful tools for T1D diabetes assays able to foster drug 
discovery and scientific knowledge.
Materials and methods: EndoC-βH5 is a newly developed human pan-
creatic beta cell model and an optimized version among the EndoC-βH 
(EndoC-βH1/2/3) family. EndoC-βH5 cells robustly secrete insulin in 
response to glucose and incretins across experiments and laboratories. 
Specifically, they dose dependently respond to physiological concentra-
tions of glucose as well as GLP-1 and GIP receptor agonists.
Results: Based on this optimized functional human beta cell model, 
we developed HLA-A2 expressing EndoC-βH5 cells through 
transgenesis to model Type 1 Diabetes associated T-cell mediated 
beta-cell killing. HLA-A2 EndoC-βH5 cells efficiently express 
HLA-A2 and elicit specific HLA-A2 allo-reactive CD8+ T cell 
activation. This effect is potentiated by IFNγ and Il1β whereas it is 
partially blocked by clinically approved molecule and JAK1/2 inhibi-
tor Baricitinib. In addition, HLA-A2 expressing EndoC-βH5 cells 
spontaneously present T1D related epitopes at their surface. HLA-A2 
restricted prepro-insulin PPI15-24 epitope recognizing CD8+ T cell 
clone thus elicits strong beta-cell cytotoxicity that is specific to the 
HLA-A2 expressing EndoC-βH5 cells.
Conclusion: EndoC-βH5 cells, together with T1D related CD8+ T 
cell clones, thus represent a powerful assay system to study or vali-
date beta cell protection strategies in T1D.
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Supported by: Contrat Innovation Occitanie n°20028109
Disclosure: H. Olleik: Employment/Consultancy; Human Cell 
Design.

473
Endoc-βH5: a highly functional human pancreatic beta cell that 
can model glucolipotoxicity and inflammatory responses
B. Blanchi, M. Pilette, C. Cavanihac, M. Taurand, H. Olleik;
Human Cell Design, Toulouse, France.

Background and aims: Given the continuously increasing number of 
Type-1 and -2 diabetes patients worldwide, the need for physiologi-
cally relevant human cellular models that can recapitulate disease pro-
gression is greater than ever. Here we demonstrate that EndoC-βH5 
human beta cells recapitulate glucolipotoxicity and inflammatory 
responses and thus represent powerful tools to develop models and 
drug discovery assays both in the areas of Type-1 and -2 Diabetes.
Materials and methods: EndoC-βH5 is a newly developed human 
pancreatic beta cell model and an optimized version among the 
EndoC-βH (EndoC-βH1/2/3) family. EndoC-βH5 cells robustly 
secrete insulin in response to glucose and incretins across experi-
ments and laboratories. Specifically, they dose dependently respond 
to physiological concentrations of glucose as well as GLP-1 and GIP 
receptor agonists.
Results: Based on this optimized human beta cell, we developed 
assays to model Type-1 and -2 Diabetes. EndoC-βH5 cells are sensi-
tive to IFNγ induced beta-cell cytotoxicity. IFNγ induced cell death is 
preceded by increased expression of ER stress markers and decreased 
ability to secrete insulin in response to glucose. All these effects 
are blocked by clinically approved molecule and JAK1/2 inhibitor 
Baricitinib. In addition, EndoC-βH5 cells are sensitive to gluco-
lipotoxicity. Exposure to palmitate and high glucose concentration 
triggers EndoC-βH5 cell death, an effect that is also associated to 
impaired ER stress and insulin secretion.
Conclusion: Altogether, EndoC-βH5 cells, which recapitulate several 
hallmarks of T1/2 Diabetes, represent a powerful tool to develop 
models and drug discovery assays both in the areas of Type-1 and 
-2 Diabetes.
Supported by: Contrat Innovation Occitanie n°20028109
Disclosure: B. Blanchi: Employment/Consultancy; Employee at 
Human Cell Design.

SO 23 Drug interventions in diabetes 
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Fall/fracture-related healthcare resource utilisation in people 
with type 2 diabetes receiving insulin glargine 300 U/mL vs long-
acting basal insulin/NPH: Fragile study
J. Gill1, G.  Umpierrez2, E.  Pogge3, X.  Li1, R.  Preblick1, N.  Pandya4;
1Sanofi, Bridgewater, NJ, USA, 2Emory University School of Medi-
cine, Atlanta, GA, USA, 3Midwestern University College of Phar-
macy, Glendale, AZ, USA, 4Kiran C Patel College of Osteopathic 
Medicine, Nova Southeastern University and Aventura Hospital, Fort 
Lauderdale, FL, USA.

Background and aims: Falls/fractures and hypoglycaemia are con-
cerns for people with type 2 diabetes (PWT2D), and older PWT2D 
in particular. Hypoglycaemia risk is lower for longer-acting basal 
insulins (BIs) such as insulin glargine 300 U/mL (Gla-300) versus 
long-acting BIs. This study evaluated fall/fracture-related outcomes 
in PWT2D treated with Gla-300 or long-acting BIs/NPH insulin.
Materials and methods: Data from US Optum Clinformatics® were 
compared for PWT2D aged ≥50 years who received Gla-300 or other 
BIs (insulin glargine 100 U/mL, insulin detemir, NPH insulin) from April 
1, 2015, through April 30, 2021. Assessments were performed for both 
PWT2D who were naive to BI and those who switched from a different 
BI; these were repeated for the subgroup of PWT2D aged ≥65 years. 
Cohorts were propensity score matched. The primary endpoint was fall/
fracture-related healthcare resource utilization event rate; costs and associ-
ation of fall/fracture events and hypoglycaemia were secondary endpoints.
Results: In PWT2D aged ≥50 years, both fall/fracture-related hospitali-
zation and emergency room visit event rates were lower for Gla-300 than 
other BIs in both BI naive and BI switch groups, with comparable results 
for PWT2D aged ≥65 years (Table). PWT2D with versus without hypo-
glycaemia had higher rates of fall/fracture events regardless of age group 
or whether they were BI naive or switched from another BI (Table). In 
BI-naive PWT2D, fall/fracture-related total healthcare costs (per 100 
person-years) were numerically higher for Gla-300 than other BIs, both 
in PWT2D aged ≥50 years ($111,091 vs $106,833) and in those aged 
≥65 years ($131,651 vs $121,766). However, in those who switched 
from another BI, fall/fracture-related total healthcare costs were sub-
stantially lower for Gla-300, both in PWT2D aged ≥50 years ($78,929 
vs $124,356) and in PWT2D aged ≥65 years ($103,492 vs $161,162).
Conclusion: This observational study in PWT2D aged ≥50 years 
revealed a positive association between hypoglycaemia and fall/frac-
ture events. Fall/fracture-related healthcare resource utilization was 
lower for the longer-acting BI, Gla-300, than for long-acting BIs/NPH, 
regardless of age group (≥50 or ≥65 years) or prior BI experience. Fall/
fracture-related total healthcare costs for Gla-300 were higher than for 
long-acting BIs/NPH for PWT2D naive to BI therapy, and lower than 
long-acting BIs/NPH for PWT2D who switched to another BI.

Supported by: Sanofi US
Disclosure: J. Gill: Employment/Consultancy; Sanofi US. Stock/
Shareholding; Sanofi US.
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Durable improvement in HbA1c in youth-onset type 2 diabetes 
with and without background insulin therapy: a post hoc analysis 
of the DINAMO trial of empagliflozin and linagliptin vs placebo
S. Willi1, L.M.  Laffel2, T.  Danne3, W.V.  Tamborlane4, G.J. 
 Klingensmith5, D.  Neubacher6, I.  Tartakovsky7, J.  Marquard8, P. 
 Zeitler9;
1Children’s Hospital of Philadelphia, Philadelphia, PA, USA, 2Joslin 
Diabetes Center, Boston, MA, USA, 3Paediatric and Juvenile Hos-
pital, Hannover, Germany, 4Yale University, New Haven, CT, USA, 
5Barbara Davis Center for Diabetes, Aurora, CO, USA, 6Boehringer 
Ingelheim, Biberach, Germany, 7Boehringer Ingelheim International 
GmbH, Ingelheim, Germany, 8Boehringer Ingelheim, Ridgefield, CT, 
USA, 9Children’s Hospital Colorado, Aurora, CO, USA.

Background and aims: The increasing prevalence of childhood over-
weight and obesity has led to a substantial increase in type 2 diabe-
tes (T2D) in youth. The clinical course of youth-onset T2D is more 
aggressive than in adults, with a faster decline in beta cell function 
leading to worse glycaemic control and an early onset of complica-
tions. There is a dearth of treatment options for youth-onset T2D, 
with metformin the only globally approved oral agent, and all other 
treatment options requiring injection. Thus, there is an unmet need for 
additional oral therapies. The DINAMO trial compared the efficacy 
and safety of empagliflozin and linagliptin with placebo in youth 
with T2D. This post hoc analysis examined the effect of background 
insulin therapy on glycaemic outcomes over 52 weeks.
Materials and methods: After randomisation (1:1:1) 157 partici-
pants aged 10-17 years were treated with empagliflozin 10 mg, lina-
gliptin 5 mg, or placebo. Participants with background antidiabetic 
treatment of metformin and/or insulin were included in the study. 
At Week 12, those in the empagliflozin group who did not attain 
glycated haemoglobin (HbA1c) <7.0% were re-randomised (1:1) to 
empagliflozin 10 or 25 mg, with the empagliflozin outcomes pooled. 
We compared the response to therapy in those treated with insulin 
versus not. Endpoints included mean changes in HbA1c and fasting 
plasma glucose (FPG) from baseline to 26 and 52 weeks.
Results: In the insulin (n=68) and non-insulin subgroups (n=89) 
a total of 51.0% were on metformin only, 40.1% were on combina-
tion therapy, 5.7% had no background medication, and 3.2% were on 
insulin only. At Week 26 there was a mean reduction from baseline 
in HbA1c with empagliflozin relative to placebo in the non-insulin 
subgroup (adjusted mean change [standard error] -1.11 [0.44], 95% 
CI -1.97, -0.25, p=0.011; Figure A). There was also a mean reduction 
in FPG from baseline to Week 26 with empagliflozin versus placebo 
in both the insulin (-35.04 [18.07], 95% CI -70.75, 0.67, p=0.054) 
and non-insulin subgroups (-39.87 [16.05], 95% CI -71.61, -8.14, 
p=0.014; Figure B). The reductions in HbA1c and FPG relative to 
baseline with empagliflozin were sustained to Week 52 in the non-
insulin subgroup.
Conclusion: Empagliflozin provided a durable and clinically relevant 
improvement in glycaemic control in participants without background 
insulin therapy. These results suggest empagliflozin could be a new 
treatment option for T2D in youth, avoiding the need to introduce an 
injectable therapy.

Clinical Trial Registration Number: NCT03429543
Supported by: Boehringer Ingelheim & Eli Lilly and Company Dia-
betes Alliance
Disclosure: S. Willi: Other; Data safety monitoring board for the 
National Institute of Diabetes and Digestive and Kidney Diseases/
US National Institutes of Health; Advisory panel/board for Roche 
Diagnostics and Medtronic MiniMed.

476
ATGC-300, drug candidates for type 2 diabetes based on novel 
hybrid IgG fusion protein combined with GLP-1RA
H. Kim, H. Kim, D. Choi, J. Lee, Y. Jung, W. Lee, H. Ji, J. Lee, H. 
Lee, S. Jang;
ATGC Co., Ltd, Seoul, Republic of Korea.

Background and aims: As a treatment for type 2 diabetes, Glucagon-
like peptide 1 receptor (GLP-1R) agonists which linked with fusion 
proteins have been developed for increasing stability in the body. 
At present, dulaglutide which combines GLP-1 and Fc fragment, 
is known well for long-acting T2D treatment. ATGC-300, our new 
drug candidates for type 2 diabetes, also has a comparable concept 
to that of dulaglutide, but there is a big difference in the composi-
tion formula. A new type of backbone was constructed by hybrid-
izing the domain of human IgG subclasses. The novel hybrid IgG 
has approximately twice the m.w. of dulaglutide. It consists of four 
sites to which the GLP-1 analogues (modified GLP-1 or exendin-4) 
linked. The efficacy and stability of ATGC-300 were verified through 
in vitro and in vivo efficacy test and pharmacokinetics. Therefore, we 
anticipate that ATGC-300 candidates will not only confirm its poten-
tial as a T2DM therapeutics but will also be superior to dulaglutide.
Materials and methods: Recombinant DNA fragments of GLP-1 
like peptide (modified GLP-1 or Exendin-4)-linker-hybrid IgG (Heavy 
chain and light chain, respectively), encoding the respective fusion pro-
teins, were constructed by PCR. The DNA fragments of fusion proteins 
were then inserted into the pcDNA3.4 vector. For expression of ATGC-
300 candidates, the plasmids were co-transfected into the ExpiCHO-S 
cells and the expressed fusion protein was purified by affinity chroma-
tography using a HiTrap MabSelect PrismA column (GE Healthcare). 
To confirm the MOA of the ATGC-300 candidates, the phosphoryla-
tion level of CREB, an essential factor involved in the GLP-1 receptor 
agonist signal pathway, was measured by western blotting. Evaluation 
of the in vitro efficacy of the fusion protein was performed using two 
different rat insulinoma cell lines (RIN m5F cell and beta TC-6 cell) 
and measured for the amount of cAMP and secreted insulin using an 
ELISA, respectively. Animal experiments were conducted by referring 
to the ARENA/OLAW IACUC guidebook. The db/db mouse model 
In vivo efficacy and pharmacokinetics was also performed to demon-
strate the lowering glucose effect and stability in the blood.
Results: Through ExpiCHO-S cell expression system, it was con-
firmed that ATGC-300 candidates in intact form were expressed, and 
the ATGC-300 candidates with a purity of 95% or more were obtained 
through a purification process. Several types of candidates were 
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selected in consideration of expression level, purified amount, purity, 
etc., and the in vitro efficacy of them showed that several candidates 
with more than twice the efficacy compared to dulaglutide, as a posi-
tive control, were identified. It was also verified that the phosphoryla-
tion level of CREB significantly increased when the candidates were 
treated. Furthermore, glucose level, HbA1c and insulin level in db/db 
mouse model were significantly improved and through the pharmacoki-
netics, the stability of ATGC-300 in blood was confirmed.
Conclusion: The efficacy of ATGC-300 candidates has been proved 
at the cellular level and in the db/db mouse model. Stability and 
persistence of ATGC-300 candidates were also demonstrated in vivo. 
Finally, our study showed that the ATGC-300 candidates have poten-
tial as T2DM therapeutics.
Disclosure: H. Kim: None.

477
Plasma levels of Liver-Expressed Antimicrobial Peptide 2 
(LEAP2) decrease in response to weight loss and treatment with 
liraglutide and exercise
S. Byberg1, S.K.  Holm2, R.M.  Sandsdal1, S.B.K.  Jensen1, C.R. 
 Juhl1, M.H.  Noer1, J.R.  Lundgren1, C.  Janus1, M.B.  Blond3, B.M. 
 Stallknecht1, B.  Holst1, J.J.  Holst1,2, S.  Madsbad4, B.  Hartmann1, 
S.S.  Torekov1;
1Department of Biomedical Sciences, Copenhagen University, 
Copenhagen, Denmark, 2NNF Center for Basic Metabolic Research, 
Copenhagen, Denmark, 3Steno Diabetes Center Copenhagen, Herlev, 
Denmark, 4Dept. of Clinical Endocrinology, Copenhagen University 
Hospital, Hvidovre, Hvidovre, Denmark.

Background and aims: The liver-secreted hormone Liver-Expressed 
Antimicrobial Peptide 2 (LEAP2) is increased in type 2 diabetes and 
obesity. Interestingly, infusion of LEAP2 to supraphysiological con-
centrations decreases blood glucose and caloric intake in humans 
and rodents. Thus, LEAP2 may play a role in the regulation of body 
weight and glucose homeostasis. However, it is unknown how liver-
secreted LEAP2 changes in response to weight loss and treatment 
with GLP-1 receptor agonists and exercise. Therefore, we investigated 
LEAP2 levels after diet-induced weight loss and following one year 
of treatment with exercise, the GLP-1 receptor agonist liraglutide, or 
a combination of exercise and liraglutide.
Materials and methods: This was a randomized, double-blinded, 
placebo-controlled trial, where adult participants with obesity (>18 
years of age, BMI 32-43 kg/m2, 50% with prediabetes) lost 12% of 
their body weight during an eight-week low-calorie diet (LCD) (800 
kcal/day). Participants were subsequently randomized to one year of 
weight loss maintenance in one of four groups: moderate-to-vigor-
ous intensity aerobic exercise, liraglutide 3.0 mg/day, a combination 
(exercise and liraglutide), or placebo. Plasma levels of LEAP2 were 
measured with an in-house radioimmunoassay directed against the 
N-terminal before and after the low-calorie diet and at the end of 
the trial (week 52) in the 130 participants who completed the study 
per protocol. The exercise and liraglutide groups alone maintained 
the diet-induced weight loss, whereas the combination group further 
decreased body weight with pronounced improvements in body com-
position and glucose regulation. The placebo group regained weight.
Results: Mean plasma LEAP2 levels at baseline were 3.02 nM (IQR 
1.28-3.35). Plasma LEAP2 levels decreased following LCD-induced 
weight loss by 12% (95% CI: 0.2-23%, p = 0.0495). LEAP2 levels 
further decreased by 26% (95% CI: 4-44%, p = 0.03) in the liraglutide 
only group and by 30% (95% CI: 7-48%, p = 0.01) in the combination 
group after one year of treatment. This was in contrast to no change 
in plasma LEAP2 levels in the exercise and placebo groups. Plasma 
LEAP2 levels did not change in response to a standard meal test.

Conclusion: Plasma levels of the liver-secreted hormone LEAP2 
decreased in response to weight loss and treatment with liraglutide. 
The most pronounced decreases in LEAP2 levels were observed 
with weight loss induced by the combination treatment of exercise 
and liraglutide, reflecting a healthier body composition and glucose 
regulation.
Clinical Trial Registration Number: EudraCT number, 2015-005585-
32; ClinicalTrials.gov number, NCT04122716
Supported by: NNF, DDA, Helsefonden, Novo Nordisk, Cambridge 
Weight Plan
Disclosure: S. Byberg: None.
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Empagliflozin improves insulin sensitivity in patients with a 
recent coronary syndrome and newly detected dysglycaemia
G. Ferrannini1,2, E.  Fortin1, L.  Mellbin1,3, A.  Norhammar1,4, P. Näs-
man5,6, S.  Smetana3, E.  Ferrannini7, L.  Ryden1;
1Medicine, Karolinska Institutet, Stockholm, Sweden, 2Södertälje hos-
pital, Stockholm, Sweden, 3Karolinska University Hospital, Stockholm, 
Sweden, 4Capio St Görans Hospital, Stockholm, Sweden, 5Royal Insti-
tute of Technology, Stockholm, Sweden, 6Karolinska Institutet, Stock-
holm, Sweden, 7National Research Council, Pisa, Italy.

Background and aims: Empagliflozin reduces the risk of atheroscle-
rotic CVD in patients with type 2 diabetes (T2D) and high cardiovascu-
lar risk. The mechanisms of such benefit have not been fully understood, 
and whether empagliflozin can be safely administered as first-line treat-
ment in patients with CVD at the initial stages of glycaemic perturba-
tions remains to be established. We aim to investigate the effects and 
safety of empagliflozin on insulin resistance, sensitivity and β-cell func-
tion indexes in patients with a recent acute coronary event and newly 
detected dysglycaemia, i.e., impaired glucose tolerance (IGT) or T2D.
Materials and methods: Forty-two patients (mean age 67.5 years, 19% 
females) with a recent myocardial infarction (n=36) or unstable angina 
(n=6) and newly detected dysglycaemia were randomised empagliflozin 25 
mg daily (n=20) or placebo (n=22). Patients were investigated before ran-
domisation, 7 months after start of the study drug and 3 months following 
its cessation. Glucose and insulin values from 2-hour oral glucose tolerance 
tests (OGTT), fasting C-peptide; HbA1c and mannose (a marker of insulin 
resistance) were measured at all three visits and fasting proinsulin was 
measured at the first two visits only. Indexes of insulin resistance, sensitiv-
ity and β-cell function were calculated (Table 1). The overtime differences 
in glucose, insulin, C-peptide, mannose levels and indexes between the 
two groups were computed by repeated measures ANOVA including an 
interaction term between the treatment allocation and the time of visit.
Results: Baseline characteristics of the two treatment groups were 
well balanced, and none of the patients developed heart failure. After 
7 months, empagliflozin significantly decreased glucose and insulin 
values during the OGTT, whereas C-peptide, mannose and HbA1c 
did not differ. As reported in Table 1, empagliflozin significantly 
improved insulin sensitivity indexes, whereas insulin resistance and 
β-cell function did not show any significant difference. After ces-
sation of the drug, all indexes returned to initial levels. No serious 
adverse events were registered.
Conclusion: Empagliflozin improved insulin sensitivity indexes 
in patients with a recent coronary event, with newly diagnosed 
and drug naïve dysglycaemia and without heart failure. Thus, the 
main metabolic contributor to the long-term cardiovascular ben-
efits of empagliflozin could be the improvement of insulin sen-
sitivity. These findings support the safe use of sodium-glucose 
co-transporter 2 inhibitors as first-line glucose-lowering treatment 
in patients at very high cardiovascular risk with newly diagnosed 
dysglycaemia.

http://clinicaltrials.gov
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Clinical Trial Registration Number: 2015-004571-73
Supported by: Boehringer Ingelheim
Disclosure: G. Ferrannini: None.

479
The effect of hypokalaemia during the treatment of diabetic 
ketoacidosis: a retrospective, single centre analysis
S. Darawshi1, A.  Miller2, M.  Qassum3, I.  Hochberg4;
1Rambam medical health center, Haifa, Israel, 2Intensive care unit, 
Rambam medical health center, Haifa, Israel, 3Cardilogy department, 
Rambam medical health center, Haifa, Israel, 4Endocrinology depart-
ment, Rambam medical health center, Haifa, Israel.

Background and aims: Patients with diabetic ketoacidosis (DKA) are 
potassium depleted and although routine treatment includes intravenous 
potassium, patients are prone to develop hypokalemia during the course 
of treatment. There is a concern that hypokalemia during DKA manage-
ment can lead to severe adverse events including arrhythmias and sudden 
cardiac arrest. However, the actual effect of hypokalemia during DKA 
treatment on mortality has not been fully evaluated. In this study, we com-
pared the outcomes of patients hospitalized due to DKA with or without 
hypokalemia.
Materials and methods: Patients with diabetic ketoacidosis (DKA) are 
potassium depleted and although routine treatment includes intravenous 
potassium, patients are prone to develop hypokalemia during the course 
of treatment. There is a concern that hypokalemia during DKA manage-
ment can lead to severe adverse events including arrhythmias and sudden 
cardiac arrest. However, the actual effect of hypokalemia during DKA 
treatment on mortality has not been fully evaluated. In this study, we com-
pared the outcomes of patients hospitalized due to DKA with or without 
hypokalemia.
Results: In the defined period, 456 hospitalizations with DKA filled all 
criteria and had no missing data. There were 304 hospitalizations (66.7%) 
with hypokalemia (Potassium < 3.5 meq/L within the 3 days before or after 
the time of the lowest pH was measured) and 152 hospitalizations (33.3%) in 
which hypokalemia did not occur. Compared to patients who did not develop 
hypokalemia, patients who developed hypokalemia were, on average, 
younger (46.3±19.3 vs 52.3±21.5years old, p=0.003), had a lower lowest 
pH during hospitalization (7.08±0.14 vs 7.15±0.11, p<0.001), lower bicar-
bonate (8.99±4.50 vs 12.3±4.11, p<0.001) and lower creatinine (0.88±0.88 
vs 1.27±0.87, p<0.001). A significantly higher percentage of hospitaliza-
tions of patients who developed hypokalemia was in the ICU (36.8% vs 
13.8%, p<0.01), and hypokalemia during DKA treatment was associated 
with a longer hospital stay. 30-day mortality was similar among the patients 
with hypokalemia compared to those without hypokalemia (6.3% and 7.9% 
respectively, P = 0.55). The same was noticed considering long-term mortal-
ity until the day of analysis (26.6% and 33.6 % respectively, P=0.13).
Conclusion: Although hypokalemia occurs very commonly during 
treatment of moderate to severe DKA, it is not associated with a 
higher short or long-term mortality.
Disclosure: S. Darawshi: None.

480
The effect of preconceptional gastric bypass surgery on glucose 
metabolism in pregnancy
T. Linder1, G.  Kotzaeridi1, D.  Eppel1, I.  Rosicky1, A.  Tura2, C. 
Göbl1;
1Department of Obstetrics and Gynaecology, Medical University 
of Vienna, Vienna, Austria, 2Institute of Neuroscience, National 
Research Council, Padua, Italy.

Background and aims: With increasing obesity prevalence, bariatric sur-
gery has become a major treatment option to reduce weight and restore fer-
tility in women of childbearing age. The effects of preconceptional maternal 
gastric bypass surgery on the growing fetus have not been thoroughly inves-
tigated. While a higher risk for small-for-gestational-age fetuses has been 
reported in several previous studies, the underlying pathological mecha-
nisms are not yet fully understood. We aim to assess differences in glucose 
metabolism in pregnant women after gastric bypass surgery compared to 
BMI-matched controls to gain further insight into potential mechanisms 
linking fetal growth restriction with maternal gastric bypass surgery.
Materials and methods: 41 women with a history of gastric bypass 
surgery and 11 controls received a detailed metabolic characteriza-
tion and a mixed-meal tolerance test (MMTT) with assessment of 
plasma glucose, insulin and C-peptide at 0, 15, 30, 60, 90, 120, 150 
and 180 minutes after ingestion of a standardized liquid mixed meal 
between gestational week 12+0 to 15+6 (V1). We further assessed 
fasting blood glucose, insulin, and C-peptide between weeks 24+0 
to 27+6 (V2) and between weeks 35+0 to 37+6 (V3).
Results: Preconceptional BMI, age and parity where comparable between 
groups. Plasma glucose levels at V1 were significantly different, with 
fasting glucose tending to be lower in the bariatric group (76.7±9.6 mg/
dl versus 82.4±10.2 mg/dl, p=0.063), but reaching significantly higher 
levels at 30 minutes after ingestion (145.7±30.8 mg/dl versus 106.6±19.6 
mg/dl, p=0.001); followed by a markedly steeper decline at 120 minutes 
(57.2 ± 15.7 mg/dl versus 85.3±23.6 mg/dl, p<0.001) and 180 minutes 
after ingestion (68.7±10.4 mg/dl versus 77.6±8.7 mg/dl, p=0.009). 
Insulin and C-peptide followed similar patterns with markedly increased 
insulin and C-peptide levels in the bariatric group shortly after ingestion 
of the mixed meal and a steeper decline beginning at 60 minutes. At V2 
and V3, patients in the bariatric group showed significantly lower fasting 
glucose levels as compared to the control group (79.4±18.8 mg/dl versus 
83.3±7.0 mg/dl, p=0.029 and 75.0±7.4 mg/dl versus 85.0±5.0 mg/dl, 
p=0.001). Of note, 12 out of 41 bariatric patients showed glucose levels 
below 45 mg/dl at 90 minutes postload, whereas hypoglycemic episodes 
did not occur in the control group.
Conclusion: Despite showing a comparable BMI, women after 
bariatric surgery showed improved fasting plasma glucose con-
centrations. However, shortly after the ingestion of a liquid mixed 
meal (mimicking the composition of a real-world solid meal) bari-
atric patients show a markedly steeper increase in glucose levels, 
followed by reflective hyperinsulinemia and subsequently lower 
glucose levels and even hypoglycemic states already at early preg-
nancy. We hypothesize that pronounced fluctuations in glucose 
levels, probably associated with the altered gut anatomy and physi-
ology, contribute to the previously reported increased risk for small-
for-gestational age fetuses in women after gastric bypass surgery.
Disclosure: T. Linder: None.

481
Insulin pump therapy in pregnant women with type 1 diabetes: inter-
mittently scanned glucose monitoring vs sensor augmented pump
C. Sola1, K. Mariaca  Riveros1, C.  Milad1, D.  Roca1, A.  Amor1, M. 
Giménez1, J.  Bellart2, I.  Vinagre1;
1Endocrinolgy and Nutrition, Hospital Clinic Barcelona, Barcelona, 
Spain, 2Gynecology, Hospital Clinic Barcelona, Barcelona, Spain.
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Background and aims: Pregnant women with type 1 diabetes (T1D) 
have an increased risk of maternal and fetal complications. Continuous 
subcutaneous insulin infusion [CSII] has been shown to improve meta-
bolic control and perinatal morbidity. Few studies have compared the 
use of SAP (sensor augmented pump) therapy with CSII therapy and 
intermmitently scanned continuous glucose monitoring (is-CGM) in 
pregnant women with T1D. We aim to evaluate the possible differences 
between both monitoring systems associated with CSII therapy and 
assess their effect on metabolic control during pregnancy and maternal-
fetal morbidity.
Materials and methods: This retrospective cohort study enrolled preg-
nant women with T1D on CSII treatment at a tertiary hospital in Bar-
celona between 2018 and 2022. We compared the SAP system (640G 
pump) with is-CGM (CSII+is-CGM). Glucometric data for 14 days 
per trimester were obtained from the different platforms (Carelink and 
Libreview); clinical and analytical data were obtained from medical 
records.
Results: 31 pregnant women (n=21 with SAP) with a mean age of 35 years 
and 20 years of T1D evolution were included. The SAP group presented a 
trend to a higher percentage of pre-pregnancy control (80% vs 95.2%) and 
severe hypoglycemia in the 2 years prior to pregnancy (0 vs 28.6%), with-
out significant differences (p>0,05). Regarding glycemic control, a longer 
time below range (<63 mg/dl) was evidenced in the CSII+is-CGM group, 
both in the second (9.7 vs 5.8%, p=0.044) and in the third trimester (12 .1 
vs 5.6%, p=0.012), without statistically significant differences in time in 
range (63-140 mg/dl; 1st Trim 52.8 vs 54.8%, 2nd Trim 52.5 vs 55%, 3rd 
Trim 61.5 vs 63.9%) or in time above range (>140 mg/dl; 1st Trim 35.8 
vs 36.6%, 2nd Trim 37.8 vs 39.2%, 3rd Trim 26.4 vs 30.5%) between both 
groups. There were also no differences in HbA1c nor in the rate of severe 
hypoglycemia by trimester (table). Regarding neonatal complications, no 
significant differences were found in the incidence of macrosomia, neonatal 
hypoglycemia, malformations, and perinatal mortality, nor in the rate of 
maternal complications between both groups.
Conclusion: In this cohort of pregnant women with T1D on CSII ther-
apy, is-CGM showed a longer time in hypoglycemia compared to the 
use of SAP, without finding other differences in metabolic control nor 
in maternal-fetal complications

Disclosure: C. Sola: None.
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Magnesium supplementation does not affect insulin sensitivity 
in people with insulin-treated type 2 diabetes and a low serum 
magnesium
L.C.A. Drenthen1, J.H.F. de  Baaij2, L.  Rodwell3, A.E. van 
 Herwaarden4, C.J.  Tack1, B.E. de  Galan1,5;
1Internal Medicine, Radboudumc, Nijmegen, Netherlands, 2Medical 
Biosciences, Radboudumc, Nijmegen, Netherlands, 3Health Evi-
dence, Section Biostatistics, Radboudumc, Nijmegen, Netherlands, 
4Laboratory Medicine, Radboudumc, Nijmegen, Netherlands, 
5Internal Medicine, Maastricht UMC+, Maastricht, Netherlands.

Background and aims: Hypomagnesemia may increase the risk 
of insulin resistance and type 2 diabetes. Whether magnesium sup-
plementation improves insulin sensitivity in people with type 2 
diabetes and a low serum magnesium level is unknown.
Materials and methods: Using a randomised, double-blind, placebo-
controlled, cross-over study design, we compared the effect of magnesium 
supplementation (15 mmol/day) for 6 weeks to matched placebo on insu-
lin sensitivity, measured by a 120-minute hyperinsulinaemic euglycaemic 
clamp. The primary outcome was the mean glucose infusion rate (GIR) 
during the final 30 minutes of the clamp. Secondary outcomes included 
parameters of glucose control, insulin need, blood pressure, lipid profile 
and hypomagnesemia-related symptoms during follow-up. Data were 
analysed using random effects models.
Results: We recruited 14 participants (50% women, mean±SD age 67±6 
years, BMI 31±5 kg/m2,  HbA1c 58±9 mmol/mol, total daily insulin dose 
55±26 units). Magnesium supplementation increased both mean (±SE) 
serum magnesium level (0.75±0.02 vs 0.70±0.02 mmol/l, p=0.016) and 
urinary magnesium excretion (magnesium/creatinine ratio, 0.23±0.02 vs 
0.15±0.02, p=0.005), as compared to placebo. The mean GIR during the 
final 30 minutes of the glucose clamp did not differ between magnesium 
and placebo study-arms (4.6±0.5 vs 4.4±0.6 mg•kg-1•min-1, p=0.108; fig-
ure 1). During the 6-week treatment periods, continuous glucose monitoring 
outcomes,  HbA1c, insulin dose, lipid profile, and blood pressure also did not 
differ, except for a lower HDL concentration after magnesium compared 
to placebo (1.1±0.1 vs 1.2±0.1 mmol/l, p=0.026). Symptoms potentially 
related to hypomagnesemia were similar between both treatment arms.
Conclusion: Despite an increase in serum magnesium concentration, 
magnesium supplementation does not improve insulin sensitivity in 
people with insulin-treated type 2 diabetes and low magnesium levels.

Clinical Trial Registration Number: EudraCT number 2021-001243-27
Supported by: Dutch Diabetes Research Foundation
Disclosure: L.C.A. Drenthen: Grants; The study was supported by a 
grant from the Dutch Diabetes Research Foundation (2017–81–014).
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Skeletal muscle insulin sensitivity does not match whole-body 
insulin sensitivity in patients with pancreatic cancer
K. Koudelkova1, E.  Vokaty2, P.  Kuncicky1, R.  Simak1, M.  Krbcova1, 
J.  Hrudka3, L.  Rossmeislova4, M.  Andel1, P.  Tuma5, J.  Gojda1;
1Department of Internal Medicine, University Hospital Královské 
Vinohrady and Third Faculty of Medicine, Charles University, Prague, 
Czech Republic, 2Department of Internal Medicine, Thomayers Univer-
sity Hospital and Third Faculty of Medicine, Charles University, Prague, 
Czech Republic, 3Department of Pathology, University Hospital Královské 
Vinohrady and Third Faculty of Medicine, Charles University, Prague, 
Czech Republic, 4Department of Patophysiology, Third Faculty of Medi-
cine, Charles University, Prague, Czech Republic, 5Institute of Hygiene, 
Third Faculty of Medicine, Charles University, Prague, Czech Republic.

Background and aims: Pancreatic ductal adenocarcinoma (PDAC) 
is a highly aggressive type of cancer that is on the rise in the Czech 
Republic. It is associated with incident diabetes and insulin resistance 
(IR). However, the specific contribution of skeletal muscle (SkM) to 
whole-body IR is not well understood. The aim of our study was to 
compare glucose disposal at the whole-body level and at the SkM 
level in patients with PDAC and controls.
Materials and methods: Patients with PDAC indicated for primary 
surgical resection, without neoadjuvant cancer therapy (PC, n=12) 
and patients with benign biliopancreatic lesions (C, n=10) were com-
pared cross-sectionally. Preoperative investigations included an oral 
glucose tolerance test (OGTT) and a hyperinsulinemic euglycemic 
clamp (HEC) with paired brachial vein and radial artery sampling. 
Patients on insulin treatment were excluded. Forearm blood flow was 
assessed by Doppler ultrasound. Indirect calorimetry was used to deter-
mine resting energy metabolism and substrate utilization. Whole-body 
insulin sensitivity was calculated from glucose infusion rate (GIR), 
skeletal muscle insulin sensitivity (IS) from forearm A-V differences 
and plasma flow (forearm glucose uptake, FGU); insulin secretion as 
insulinogenic index (IGI) and disposition index (DI, = IGI x  GIRcor).
Results: The cancer (PC) and control (C) groups were comparable in 
terms of age (∼63.4 years), BMI (∼28.9), and resting energy metabo-
lism (∼21 kcal/kg/day). PDAC patients had higher fasting glucose 
(PC 7.4±2.9, C 5.4±0.9 mmol/L, p=0.0249). IGI (PC 0.3±0.3, C 
0.8±0.5 μU/mL*mg/dL, p=0.0227) and DI (PC 1.9±2.0, C 5.7±4.0, 
p=0.0213) were lower in cancer patients. Whole-body IS was not sig-
nificantly different between groups  GIRcor (PC 5.6±2.0, C 7.0±3.0 mg/
kg/min, p=0.2192), but glucose disposal to forearm muscle, assessed 
as the difference between steady-state and basal values, was lower in 
PDAC patients (PC 4.9±6.7, C 10.3±4.8 mg/min/forearm, p=0.0483).
Conclusion: PDAC patients have impaired insulin secretion. Whole-body 
glucose disposal did not differ between PDAC patients and controls, but 
forearm SkM specific IS is lower in the tumor group. Whether the cause of 
the difference in whole-body and peripheral IR is due to insulin-stimulated 
glucose disposal to the tumor itself deserves further scientific attention.
Supported by: AZV NV19-01-00101, Charles University institutional 
support COOPERATIO METD, EXCELES LX22NPO5104, EFSD/AZ 
Mentorship Programme
Disclosure: K. Koudelkova: None.

484
Unique signature of circular RNA in skeletal muscle of different 
insulin sensitivity
M. Yepmo1, E.  Meugnier2, M.  Pinget1, K.  Bouzakri1;
1Centre européen d’étude du diabète, Strasbourg, France, 2CarMeN 
Laboratory UMR INRAE 1397, Lyon, France.

Background and aims: Diabetes pathologies are complex, affect-
ing numerous organs such as liver, pancreas, and skeletal muscle. 

Circular RNAs (circRNA) are a class of non-coding RNAs that are 
characterized by a covalently closed loop structure. Functionally, they 
can act on cell physiology by sponging microRNAs and thus regulat-
ing gene and protein expression. The emerging function of these cir-
cRNA is not fully understood, but initial studies have recently shown 
that circRNA are involved in insulin secretion regulation. Therefore, 
deregulation of this class of RNAs may lead to metabolic disorders in 
pancreatic β-cells and thus be involved in the pathogenesis of type 1 
(T1DM) and type 2 diabetes (T2DM). Our research is focused on the 
unique signature by circular RNA and the impact on skeletal muscle 
metabolism and pancreatic islet.
Materials and methods: Human skeletal muscle cells culture 
obtained from skeletal muscle biopsies from healthy and diabetic 
patients were used for the experimentation. RNA extractions were 
performed with trizol followed by RNAse R treatment to recover cir-
cRNA and RT-qPCR were used to analyzed myogenesis genes. Illu-
mina sequencing PE150 and SE50 were choose for mapping mRNA 
lncRNA and sRNA in skeletal muscle fibers. Moreover, a specific 
enzyme involved in circRNA was also silenced and another Illumina 
PE150 sequencing was also performed in human skeletal muscle 
cells. Human pancreatic islet were isolate from healthy patient, FACS 
technic were realized to sort alpha and beta cells and then realized 
Illumina sequencing for mapping circRNA.
Results: We demonstrated that human skeletal muscle cells in culture 
maintain their gene expression phenotype. Total RNAs isolated from 
skeletal muscle cells and parent biopsies were first characterized, 
each cell type has a unique mRNA and microRNA composition and 
observed 176 miRNAs differentially expressed in these two popula-
tions. Therefore we focused on key circRNAs involved in myogenesis 
(such as circZNF609, circHIPK3) and we were able to see a different 
in expression of circRNA according to their different muscular fiber 
type sources (oxidative versus glycolytic versus mixt N=5). Moreo-
ver, we currently analyzed circRNA expression gene signature of 
the cells in healthy and diabetic patient from skeletal muscle cells 
(N=3), healthy skeletal muscle cells silenced from specific enzyme 
of CircRNA (N=3) and human pancreatic islet (N=3)
Conclusion: The understanding of circRNA in metabolic diseases 
such as type 2 diabetes will help us to better understand their involve-
ment in fiber skeletal muscle composition and their potential role in 
insulin secretion dysfunction in pancreatic islets.
Disclosure: M. Yepmo: None.

485
A minimal circadian clock network for glucose tolerance in mice
K.B. Koronowski1, J.G.  Smith2, A.  Verlande3, S.  Chen3, T. 
 Mortimer4, O.  Deryagin2, P.  Liu5, V.  Orlando5, P.  Baldi3, C.  Jang3, S. 
 Masri3, S.A.  Benitah4, P. Munoz-Canoves2, P. Sassone-Corsi3;
1University of Texas Health San Antonio, San Antonio, TX, USA, 
2Pompeu Fabra University, Barcelona, Spain, 3University of Califor-
nia, Irvine, Irvine, CA, USA, 4Institute for Research in Biomedicine, 
Barcelona, Spain, 5King Abdullah University of Science and Technol-
ogy, Thuwal, Saudi Arabia.

Background and aims: The circadian clock is a defining feature of 
life. A major function of the clock system is to coordinate metabolism 
and, as such, circadian disruption increases risk for metabolic dis-
ease. Clocks throughout the brain and body control the flow of nutri-
ents, yet it is unclear which organ clocks provide the most essential 
contributions and to what extent inter-organ cross-talk enables those 
contributions. Here, we tested the interactions between clocks in liver 
and skeletal muscle on glucose homeostasis in mice.
Materials and methods: We rescued clock function in each organ sep-
arately or in both organs simultaneously using a genetic mouse model 
of Bmal1, the main transcriptional activator of the molecular clock. 



S247Diabetologia (2023) 66 (Suppl 1):S1–S536 

1 3

Mice were exposed to ad libitum or nighttime feeding paradigms, and 
we utilized 13C glucose tracing, various tolerance tests, circadian tran-
scriptomics, and other molecular analyses to interrogate metabolism.
Results: Whereas individual clocks were partially sufficient to promote 
glucose processing within the liver or muscle, synergy between the 
liver clock, the muscle clock, and daily feeding rhythms was required 
to maximized systemic glucose tolerance. The main drivers of this syn-
ergy were the restoration of temporal transcriptional control of glucose 
machinery, serum insulin levels, and the clearance of muscle-derived 
metabolites of glucose by the liver.
Conclusion: From these data, we concluded that the rate of glucose 
clearance from the blood was heavily dependent upon the proper align-
ment of feeding behavior and temporal transcriptional activity of glu-
cose pathways across liver and muscle. We posit that spatiotemporal 
clock mechanisms play an important role in the maintenance of daily 
glucose homeostasis and that they contribute to the metabolic disease 
risk associated with circadian disruption.
Supported by: NIH, ERC, NNF
Disclosure: K.B. Koronowski: None.

486
Sex differences in the association between insulin resistance indexes 
and myocardial infarction in individuals with different glycaemic 
states
A. Riccio1, L.  Mellbin2,3, A.  Norhammar2,4, P. Näsman2,5, L. Rydén2,3, 
G.  Sesti1, G.  Ferrannini2;
1Department of Clinical and Molecular Medicine, Sapienza Univer-
sity of Rome, Rome, Italy, 2Department of Medicine Solna, Karolinska 
Institutet, Stockholm, Sweden, 3Heart, Vascular and Neuro Theme, 
Karolinska University Hospital, Stockholm, Sweden, 4Capio St Görans 
Hospital, Stockholm, Sweden, 5Center for Safety Research, KTH Royal 
Institute of Technology, Stockholm, Sweden.

Background and aims: Females have a lower risk of CVD than males. 
Insulin resistance (IR) has been suggested to be a more important con-
tributor to cardiovascular (CV) morbidity in females than in males. 
The purpose of this study was to investigate sex differences in the 
association between insulin sensitivity (IS) indexes (QUICKI, Ben-
nett’s index and McAuley index) and IR indexes (HOMA-IR, visceral 
adiposity index (VAI) and triglycerides/HDL cholesterol (TG/HDL-C) 
index) and a first non-fatal myocardial infarction (MI) independently 
of traditional CV risk factors.
Materials and methods: IS and IR indexes were calculated in a popu-
lation (n=1403) with (n=696) and without (n=707) a first non-fatal 
MI, free from known diabetes. MI patients had survived at least six 
weeks after the event. All study participants were categorized by an 
OGTT as having normal glucose tolerance, impaired fasting glucose, 
impaired glucose tolerance or newly diagnosed type 2 diabetes mel-
litus. Sex differences in proportions of different glycaemic states were 
tested by χ2 test. The associations between sex, a first MI, IS indexes, 
IR indexes and traditional CV risk factors were analysed by univariate 
and multivariate logistic regression models, where continuous variables 
were logarithmically transformed.
Results: Of the total population 19% were females and 81% males, out of 
whom 47% and 50% had a first MI respectively. Females compared with 
males were older, less often smokers, with lower BMI, higher total cho-
lesterol and C-reactive protein. No differences between the sexes were 
observed in the proportion of glycaemic states. In univariate analysis 
females were more insulin sensitive and less insulin resistant than males. 
In logistic regression models adjusted by major CV risk factors includ-
ing sex, IS indexes were no longer associated with a first MI, whereas 
the associations between HOMA-IR, VAI, TG/HDL-C index and a first 
non-fatal MI remained significant in females, but not in males (Table 1).

Conclusion: These results support the assumption that IR is of special 
importance as CV risk factor in females. IR indexes may contribute to 
CV risk stratification in females, independently of their glycaemic state.

Supported by: Swedish Heart-Lung Foundation, ALF projects
Disclosure: A. Riccio: None.

487
Chronic effects of an antifibrotic agent eplerenone on insulin 
sensitivity and cardiac function in high-fed diet induced insulin 
resistence mice
A.K. Banah, V. Musale, C.Z. Murdoch, L. Kang;
University of Dundee, Dundee, UK.

Background and aims: In metabolic comorbidities, abnormali-
ties in cardiac dysfunction have been linked to systemic insulin 
resistance (IR). However, the role of cardiac insulin resistance in 
cardiac dysfunction is not well documented. Our previous studies 
with antifibrotic drugs in high-fat-fed obese mice have demon-
strated a positive correlation between IR and extracellular matrix 
(ECM) deposition. The present study will examine whether the 
beneficial effects of Eplerenone on cardiac function are accompa-
nied by improvements in cardiac insulin sensitivity and a decrease 
in cardiac ECM deposition in high-fat-fed mice.
Materials and methods: Male C57BL/6 mice fed a 60% high-fat diet 
(HFD) for 12 weeks received once-daily oral gavage of either vehicle or 
eplerenone (200 mg/kg body weight) for 5 weeks. Cardiac function was 
measured by pressure-volume (PV) loop analysis (transonic) using a PV 
conductance catheter in a closed-chest preparation. Immunohistochemi-
cal and qPCR analysis was performed to assess changes in collagen and 
fibrotic marker expression in the left ventricle (LV) of the heart.
Results: Eplerenone showed a significant reduction in body gain 
compared to the vehicle group (P<0.05) despite no changes in % 
lean mass or % fat mass. HFD diet impaired cardiac function in mice, 
showing that the heart is working very hard, which was attenuated 
with eplerenone. Immunohistochemical analysis revealed no signifi-
cant changes in LV collagen expression in experimental mice.
Conclusion: Eplerenone controls body weight gain and improves 
insulin sensitivity in mice, as well as improves cardiac per-
formance. These findings suggest that ECM remodelling may 
be a potential target for obesity-associated cardiometabolic 
complications.
Supported by: BHF
Disclosure: A.K. Banah: None.
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488
High 1 hour glucose in youths with obesity as marker of pre-
diabetes and cardiovascular risk
M. Manco, D. Fintini, L. Ravà, M. Mariani, A. Deodati, E. Inzaghi, 
S. Pedicelli, C. Bizzarri, M. Cappa, S. Cianfarani;
Bambino Gesu Hospital, Rome, Italy.

Background and aims: Testing 1 hour glucose (1HG) concentra-
tion during oral glucose tolerance test is cost effective to identify 
individuals at risk of incident type 2 diabetes. Aim of the study was 
to define 1HG cut offs diagnostic of incident impaired glucose toler-
ance (IGT) in youths with obesity; and to evaluate prevalence and 
association of cut offs identified in the cohort and from literature (133 
and 155 mg/dl) to cardiovascular disease (CVD) in a population of 
youths with obesity.
Materials and methods: Longitudinal study of 154 youths to identify 
1HG cut offs; and cross-sectional study of 2295 youths to estimate 
prevalence of high 1HG and association to CVD. Receiver operating 
characteristic curves (ROC) to establish 1HG cutoffs; association of 
1HG to blood pressure, lipids and aminotransferases.
Results: ROC analysis identified the 1HG cut off of 159 mg/dl as 
having diagnostic accuracy of IGT with area under the ROC 0.82 
(95%CI 0.66-0.98), sensitivity 0.86% and specificity 0.79%. In the 
cross sectional population prevalence of high 1HG were 36% and 15% 
for 133 and 155 mg/dl cut offs, respectively and 17% for the 159 mg/
dl value. All the examined cut offs were significantly associated with 
worse lipid profile, liver function test, reduced insulin sensitivity, 
secretion and disposition index.
Conclusion: High 1 HG is marker of persistent IGT and increased 
risk of metabolic abnormalities in youths. The 155 mg/dl cut off is 
a convenient estimate in young people but longitudinal studies with 
retinopathy and overt diabetes as end points are advised to verify the 
1HG cut off with the best diagnostic accuracy.
Supported by: Italian Ministry of Health
Disclosure: M. Manco: None.

489
Conversion and reversion rate of metabolic syndrome in middle-
aged and older adults: the China Health and Retirement Longi-
tudinal study
W. Li, S. Ding, F. Wang, T. Qiao, Q. Li, J. Zhao;
Suzhou Hospital of Anhui Medical University, Suzhou, China.

Background and aims: Metabolic syndrome (MS) is a complex dis-
order characterized by a constellation of comorbidities, including 

hypertension, dyslipidemia, obesity, and hyperglycemia. These con-
ditions significantly impact insulin sensitivity and contribute to the 
development of diabetes and cardiovascular diseases. The present 
study aims to investigate the conversion and reversion rates of MS in 
the middle-aged and older adult population in China.
Materials and methods: The study enrolled a total of 4156 par-
ticipants aged≥45 with or without MS from the China Health and 
Retirement Longitudinal Study in 2011, and followed them over 
a period of 4 years. Physical examination data and blood samples 
were collected at baseline and follow-up visits for the assessment 
of MS. The MS status for each individual was evaluated at both 
baseline and follow-up, and the conversion and reversion rates were 
calculated based on the cross table. A Markov model was utilized 
to estimate the time required for the prevalence of MS to reach a 
stable condition, as well as the estimated stable MS prevalence 
rate. Logistic regression models and nomograms were employed to 
develop prediction models for estimating the probability of conver-
sion or reversion for individuals.
Results: At baseline, 2409 participants were identified having no 
MS, of which, 576 participants developed MS during follow-up, 
resulting a conversion rate of 23.91%. However, of the 1747 partici-
pants with MS at baseline, 490 participants reverted to normal, the 
reversion rate is 28.31%. The time needed for the MS conversion or 
reversion to reach a stable condition is about 68 years The stabled 
MS prevalence rate is 46.02% in this population. The logistic regres-
sion model based on the 2409 baseline non-MS participants revealed 
baseline SBP, pulse, weight, waist circumference, fasting plasma 
glucose, total cholesterol, triglyceride, high density lipoprotein, body 
mass index, standard grip strength and gender are important param-
eters for the prediction of MS conversion probability. The C-index 
for this model is 0.767 and the threshold probability is 0.207. At 
this probability the model has a sensitivity of 78.3% and specificity 
of 61.8%. The reversion predict model demonstrated lower baseline 
SBP, pulse, weight, waist circumference, total cholesterol, metabolic 
score for insulin resistance, male is beneficial for the reversion of 
MS. The C-index for this reversion model is 0.782 and the threshold 
probability is 0.322. The sensitivity and specificity at this probability 
was separately 66.9% and 75.1%.
Conclusion: The conversion rate of MS in middle-aged and older 
adults is lower than the reversion rate and the prevalence of MS can 
finally reach a stable state. The conversion predict model and rever-
sion predict model may provide valuable information for the identi-
fication of no MS individuals with higher risk of converting to MS 
or MS patients whom can easier back to normal.
Supported by: Key Research and Development Project of Anhui Prov-
ince (202004j07020026)
Disclosure: W. Li: None.



S249Diabetologia (2023) 66 (Suppl 1):S1–S536 

1 3

SO 25 Exercise as medicine

490
The effect of insulin-sensitising high-intensity interval training on 
selected exerkines and adipokines in obesity and type 2 diabetes
M.H. Petersen1, K.J.  Kolnes1, M.E. de  Almeida1,2, E.K.  Wentorf2, 
K.  Jensen2, A.  Handberg3, N. Ørtenblad2, K. Højlund1;
1Steno Diabetes Center Odense, Odense, Denmark, 2Department 
of Sports Science and Clinical Biomechanics, Odense, Denmark, 
3Department of Clinical Biochemistry, Aalborg, Denmark.

Background and aims: The improvements in metabolic health param-
eters in response to exercise training may be mediated by changes in 
circulating exerkines and adipokines. Here, we examined if the marked 
increase in insulin sensitivity (30-40%) and the improvements in body 
composition and  VO2max induced by a novel high-intensity interval 
training (HIIT)-protocol were associated with changes in circulating 
exerkines and adipokines in obesity and type 2 diabetes.
Materials and methods: Middle aged obese men with type 2 diabetes 
(n=15) and age-matched glucose-tolerant obese (n=15) and lean (n=18) 
men were examined by  VO2max test, DXA-scan and hyperinsulinemic-
euglycemic clamp as well as measurements of circulating levels of leptin, 
adiponectin, IL-6, FGF21, GDF15 and ANGPTL4 before and after 8-weeks 
of supervised HIIT combining rowing and cycling (3 weekly sessions).
Results: At baseline, plasma FGF21 levels were ~2 fold higher in men 
with type 2 diabetes compared with obese and lean men (all P<0.05), 
and plasma leptin levels were ~2-3 fold higher in obese men with and 
without type 2 diabetes compared with lean men (all P<0.05). Circulat-
ing levels of adiponectin, IL-6, GDF15 and ANGPTL4 were similar 
between groups. In response to HIIT, plasma leptin decreased 16-25% 
in obese men with and without type 2 diabetes (all P<0.05). In the 
total cohort, the reduction in leptin correlated with the loss of fat mass 
(r=0.41, P<0.05), but not with the increase in insulin sensitivity. Serum 
adiponectin decreased 9-18% in all groups (all P<0.05), and this reduc-
tion correlated inversely with the increase in insulin sensitivity (r=-
0.39, P<0.01). Furthermore, the HIIT-protocol induced a reduction in 
plasma FGF21 (28%) in obese glucose-tolerant men and an increase in 
plasma GDF15 (16%) in men with type 2 diabetes (all P<0.05), while 
no changes were seen in plasma IL-6 and ANGPTL4 levels in any of the 
groups. There were no group-differences in any of the responses to HIIT.
Conclusion: The HIIT-induced metabolic improvements were sur-
prisingly accompanied by a concominant decrease in both circulating 
leptin and adiponectin. Interestingly, the selected exerkines, known 
to be increased after acute exercise, were mostly unaffected by HIIT 
>48 hours after the last exercise bout indicating a transient effect on 
the metabolic adaptations to exercise.
Clinical Trial Registration Number: 17/31977
Supported by: Novo Nordisk Foundation and Sawmill owner Jeppe 
Juhl and wife Ovita Juhls Memorial Bursary
Disclosure: M.H. Petersen: None.

491
Morning exercise reduces glycaemia in people with type 2 diabe-
tes also being prescribed metformin
B.M. Gabriel1, B. Pena  Carrillo1, O.  Duval1, E.  Cope1, S.  Gurel1, A. 
 Kenny1, S.  Philip2, F.  Thies1, D.  Blana3;
1University of Aberdeen, Aberdeen, UK, 2Diabetes Centre, Aberdeen 
Royal Infirmary, Aberdeen, UK, 3Centre for Health Data Science, 
University of Aberdeen, Aberdeen, UK.

Background and aims: Type 2 Diabetes (T2D) is a significant 
healthcare challenge. Engaging in physical exercise is beneficial for 
the treatment of T2D and can improve insulin sensitivity. However, 

previous evidence suggests that exercise at different times of the day 
in people with T2D may have opposing outcomes on blood glucose 
levels throughout the exercise day. This may be especially important 
for those concurrently taking metformin medication. We hypothesise 
that afternoon/evening moderate intensity exercise is more efficacious 
than morning exercise at lowering glycaemia in people who are also 
being prescribed metformin. To test this hypothesis, we conducted 
a remote crossover exercise intervention using wearable technology.
Materials and methods: Nine male and nine females with T2D 
undergoing metformin treatment completed the trial with 2-week 
baseline recording, six weeks randomly assigned to a morning exer-
cise (7-10am) or afternoon/evening exercise (4-7pm), with a two-
week wash-out period. To monitor trial adherence, we assessed step 
count per day and heart rate (HR). Physical activity was monitored 
using a wrist-worn monitor. Participants were asked to perform 30 
minutes of walking at 70% of their estimated max-HR every other 
day. Glucose levels were measured with continuous glucose monitors. 
Participants were asked to fill 4-day food diaries during baseline, 
first and last 2 weeks of each exercise arm. Metformin doses were 
registered by participants on food diaries.
Results: Results are Mean±SEM. Eighteen participants (61±2 
years) completed the trial with satisfactory adherence. The estimated 
70%-max-HR was 111.4±5.5 bpm. During exercise, average HR was 
117.2±8.2 bpm and 117.3±11.5 bpm, during morning and evening, 
respectively (p>0.05). During walking days participants completed 
an average of 10814±2251 steps and 10373±2183 steps during morn-
ing and evening, respectively (p>0.05). During resting days partici-
pants walked an average of 6843±2383 steps and 6344±2182 steps 
during morning and evening, respectively (p>0.05). Thus, no sig-
nificance change in exercise intensity or compensatory activity was 
found between the arms of the trial. When analysing the 24 h hourly 
mean glucose area under the curve (AUC), a significant difference 
of (p=0.02) was found between baseline (210.3±76.68 mmol/L) and 
morning exercise (180.6±68.37 mmol/L). AUC glucose was sig-
nificantly lower (p=0.01) in participants taking metformin before 
breakfast (148±11.05 mmol/L) compared with participants taking 
metformin after breakfast (220.2±23.58 mmol/L) only when they 
performed morning exercise.
Conclusion: In summary, our data show lower glucose levels after morn-
ing moderate intensity exercise in people with T2D also being prescribed 
metformin. Metformin taken prior to breakfast seems to have a positive 
effect on AUC glucose levels compared with metformin taken after break-
fast when morning exercise is performed. Our data contrast with previous 
findings, suggesting that the time-of-day effect of exercise on glycemia 
in people with T2D may be exercise intensity, and modality-dependent.
Clinical Trial Registration Number: Research Registry Unique Iden-
tifying Number: researchregistry6311
Supported by: EFSD/Lilly Young Investigator Research Award 
Programme
Disclosure: B.M. Gabriel: None.

492
The transcriptional response to acute exercise is HIF1a depend-
ent and time-of-day specific
K. MacGregor1, A.  Ehrlich2, L.B.  Small2, S.P.  Ashcroft2, J.T. 
 Treebak2, J.R.  Zierath1,2;
1Department of Molecular Medicine and Surgery, Karolinska Insti-
tutet, Solna, Sweden, 2Faculty of Health and Medical Sciences, 
Novo Nordisk Foundation Centre for Basic Metabolic Research, 
Copenhagen, Denmark.

Background and aims: The regulation of metabolism in peripheral 
tissues is mediated by pathways that are under circadian control. Inti-
mate links have been reported between the circadian clock and the 
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expression of genes that regulate metabolism in response to energetic 
stress, such as physical activity. There is a bi-directional relationship 
between the circadian clock and hypoxia-inducible factor-1 α (HIF1α), 
which is specific to time-of-day exercise. The aim of this study was to 
elucidate the interplay between HIF1α and time-of-day in the skeletal 
muscle transcriptional response to acute exercise.
Materials and methods: Skeletal muscle specific HIF1α knock out 
(HIF1α-mKO) and wild type (WT) mice (N = 8 per group) were 
subjected to 60 min treadmill running (16 m/min, 5 % incline) or a 
sham treatment at zeitgeber time (ZT) 3 and ZT 15. RNA sequenc-
ing was performed on gastrocnemius tissue of mice 3 hr following 
the intervention.
Results: Transcriptomic analysis determined a HIF1α dependent, time-
of-day specific transcriptional expression profile in exercised, but not 
sedentary, mice. In exercised mice, a greater number of transcripts 
were differentially expressed between HIF1α-mKO and WT at ZT 3 
(516) compared to ZT 15 (91). Within these differentially expressed 
transcripts between HIF1α-mKO and WT mice, 477 transcripts were 
specific to exercise at ZT 3 and 50 transcripts were specific to exercise 
at ZT 15. Conversely, in sedentary mice, similar skeletal muscle tran-
scriptional profiles were observed between HIF1α-mKO and WT mice 
at ZT 3 and ZT 15. We detected 17 differently expressed transcripts 
at ZT 3 and 89 differently expressed transcripts at ZT 15 between 
sedentary HIF1α-mKO and WT mice. Over enrichment analysis of 
altered transcriptional profiles between HIF1α-mKO and WT mice in 
response to exercise determined a positive enrichment of gene ontology 
terms involved in oxidative metabolism (oxidative phosphorylation, 
aerobic respiration, cellular respiration) and mitochondrial function 
(mitochondrial respiratory chain complex assembly, ATP synthesis 
coupled electron transport and respiratory electron transport chain) at 
ZT 3, but not ZT 15.
Conclusion: Collectively these results indicate that the transcrip-
tional profile of skeletal muscle is time-of-day and HIF1α depend-
ent following an acute bout of exercise. Specifically, following 
HIF1α KO, a greater transcriptional response is observed in exer-
cised mice at ZT 3 compared to ZT 15, coupled with an overrep-
resentation of oxidative metabolism and mitochondrial function 
gene ontology pathways. Thus, the time-of-day specific response 
of skeletal muscle to acute exercise may be partly driven by the 
interaction between the muscle circadian clock and HIF1α.
Supported by: NNF Challenge Grant, Knut and Alice Wallenberg 
Foundation, Swedish Diabetes Foundation, Swedish Research 
Council.
Disclosure: K. MacGregor: None.

493
Glycaemic management around postprandial exercise in people 
with type 1 diabetes: challenge accepted
S. Helleputte1, J.  Stautemas1, T. De  Backer2, J.  Marlier3, B.  Lapauw3, 
P.  Calders1;
1Faculty of Medicine and Health Sciences, Ghent University, Gent, 
Belgium, 2Cardiology, Ghent University Hospital, Gent, Belgium, 
3Endocrinology, Ghent University Hospital, Gent, Belgium.

Background and aims: In type 1 diabetes, performing physical activ-
ity in the post-meal period remains challenging due to high levels of 
insulin on board. This study aimed to examine the acute, subacute, 
and late effects of different modalities of postprandial exercise on 
blood glucose in adults with type 1 diabetes.
Materials and methods: Randomized controlled crossover trial in 
which adults with type 1 diabetes took part in four experimental visits 
with at least one week in between. The intervention consisted of either 
30 min of walking (WALK), moderate-intensity exercise (MOD), inter-
mittent high-intensity exercise (IHE), or rest (CONTROL); performed 

in early postprandial state i.e., 60 min after a standardized meal with 
25%, 50%, 50%, or no bolus insulin reduction, respectively. Venous 
blood samples were collected before, during and up to one hour after 
exercise to determine plasma glucose. Interstitial glucose was moni-
tored for 24 hours after exercise by continuous glucose monitoring 
(CGM). Primary outcome was blood glucose (BG) change during 
exercise (acute), and secondary outcomes included the subacute (≤2 
hours after) and late glycaemic effects (≤24 hours after exercise, with 
CGM). In the statistical analysis (linear mixed model with random 
coefficients), a minimal clinically relevant difference in BG change 
during exercise of >40 mg/dL was used to evaluate clinical superiority 
of exercise vs. CONTROL.
Results: Eight adults (n= 8) with type 1 diabetes participated (3 
female; age 44±13 years; diabetes duration 23±12 yrs). Concerning 
acute effects, exercise reduced postprandial glucose excursion com-
pared to CONTROL, due to a consistent BG decline in all patients for 
all exercise modalities (mean BG declines of -45±24, -71±39, and 
-35±21 mg/dL, during WALK, MOD, and IHE respectively (p<0.001). 
For the BG change during exercise, clinical superiority was demon-
strated separately for each exercise modality vs. CONTROL. Non-
inferiority of WALK vs. MOD was not concluded, non-inferiority of 
WALK vs. IHE was demonstrated, and superiority of MOD vs. IHE was 
found. Hypoglycaemia did not occur during exercise. BG increased 
in the hour after all exercise modalities (significantly more than after 
CONTROL). End-of-protocol glycaemia was significantly higher after 
IHE vs. all other conditions (p<0.01). There was more nocturnal hypo-
glycaemia after exercise vs. CONTROL (p<0.05); mean glucose was 
lower and TBR higher in the nocturnal period after IHE vs. CONTROL 
(p<0.05); and no differences were found in other CGM-derived param-
eters between exercise vs. CONTROL, or between exercise modalities.
Conclusion: In adults with type 1 diabetes, postprandial exercise 
of all modalities is effective and feasible if necessary precautions 
are taken (i.e., prandial insulin reductions), as exercise lowered PPG 
excursion and caused a consistent and clinically relevant BG decline 
during exercise, while there was no hypoglycaemia during or shortly 
after exercise. However, the data also demonstrate two important 
issues that we believe are the remaining challenges with postprandial 
exercise. First, subacute post-exercise hyperglycaemia, the risk of 
which may be mitigated by a lower starting glucose and earlier timing 
of exercise. Secondly, caution remains for nocturnal hypoglycaemia, 
particularly after IHE.
Clinical Trial Registration Number: NCT05179135
Disclosure: S. Helleputte: None.

494
Moderate and high-intensity aerobic exercise exert differing 
metabolic benefits in candidates to undergo bariatric surgery: a 
randomised controlled trial
S. Martinez-Huenchullan1, J. Enriquez-Schmidt1, C. Mautner-
Molina2, M. Kalazich-Rosales2, M. Muñoz2, F. Fuentes-Leal2, M. 
Monrroy-Uarac1, M. San Martin-Correa1, C. Carcamo-Ibaceta1, P. 
 Ehrenfeld1;
1Universidad Austral de Chile, Valdivia, Chile, 2Clinica Alemana 
Valdivia, Valdivia, Chile.

Background and aims: Physical exercise programs in candidates 
to undergo bariatric surgery are key for the preparation towards the 
expected fast-pacing weight loss. A part of this intervention is the 
prescription of aerobic exercise to increase cardiorespirory fitness 
and metabolic function, however, the optimal exercise prescription is 
far to be elucidated. Moderate-intensity continuous training (MICT) 
and high-intensity interval training (HIIT) are frequently prescribed 
in people with obesity, nevertheless, no clinical studies are known to 
compare the metabolic effects that these programs exerts in candidates 
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to undergo bariatric surgery. Therefore, our study aimed to compare 
the metabolic effects of moderate-intensity constant and high-intensity 
interval training in candidates to undergo bariatric surgery.
Materials and methods: Candidates to undergo batriatric surgery (gas-
tric sleeve) were recluted by agreeing to the following selection criteria: 
man and woman with body mass indexes (BMI) between 30 and 49 kg/
m2, and ages between 18 and 59 years old. As exclusion criteria, people 
with medical contraindications to perform physical activity, severe func-
tional limitations and/or uncontrolled neuropsychiatric illnesses were not 
considered. Participants were randomly allocated in one of two groups, 
MICT and HIIT. MICT was defined as walking/cycling at 50% of heart 
rate reserve (HRR) for 30 minutes, whereas HIIT consisted in 6 bouts 
(walking/cycling) at 80% of HRR (2.5 min each) and 6 periods of active 
rest at 20% of HRR (2.5 min each). Both training programs consisted in 10 
sessions performed during a 4 weeks period. Strengthning exercises were 
performed similarly in both groups to respond to international guidelines. 
Anthropometric measures (weight, height, waist and hip circumference, 
fat and muscle mass) and metabolic function markers, such as glycaemia, 
insulinaemia, HOMA-IR (both fasting and 120 minutes after oral glucose 
tolerance test), HbA1c, and plasmatic levels of fibroblast growth factor 
21 (FGF21) were measured before and after the exercise programs. Para-
metric variables were compared using paired t-test and non-parametric 
variables using the Wilcoxon test. For all comparisons, a p value lower 
than 0.05 was considered statistically significative.
Results: 25 participants completed the exercise trainings and none of 
them registered any complications during the sessions. At baseline, 
all variables measured were similar between groups. Participants after 
MICT (n=14) significantly reduced body weight, BMI, fat mass, and 
increased muscle mass. Also, reduced insulin levels after the oral 
glucose tolerance test (p<0.05). In contrast, participants after HIIT 
(n=11) reduced HbA1C levels and FGF21 plasmatic concentrations 
(p<0.05). Both programs significantly reduced waist and hip cincum-
ferences (p<0.05).
Conclusion: Both MICT and HIIT exert metabolic benefits in can-
didates to undergo bariatric surgery, however, these benefits were 
specific to each program. This might suggest that aerobic exercise 
intensity could target specific physical and metabolic dysfunctions 
in people with obesity, particularly in candidates to undergo bariatric 
surgery. These findings warrant further reasearch.
Supported by: FONDECYT 11200391
Disclosure: S. Martinez-Huenchullan: Grants; FONDECYT 
11200391.

495
The effects of a 3-month aerobic-strength training on metabolism, 
cognition and adiponectin levels in blood and cerebrospinal fluid 
in the elderly
B. Ukropcová1,2, M.  Tomkova2, M.  Schon2, L.  Slobodova1, I.  Straka3, 
P.  Matejicka3, M.  Sedliak4, C.-L.  Tsai5, W.  Bogner6, M.  Krssak6, P. 
 Valkovic3, J.  Ukropec2;
1Center of Physical Activity Research, Biomedical Research Center, 
Slovak Academy of Sciences, Bratislava, Slovakia, 2Dep. of Metabolic 
Disease Research, Biomedical Research Center Slovak Academy of 
Sciences, Bratislava, Slovakia, 32nd Neurology Dep., Faculty of Medi-
cine Comenius University & University Hospital Bratislava, Bratislava, 
Slovakia, 4Faculty of Physical Sports and Education Comenius Univer-
sity, Bratislava, Slovakia, 5National Cheng Kung University, Tainan, 
Taiwan, 6Department of Medicine III, Medical University of Vienna, 
Vienna, Austria.

Background and aims: Detrimental effects of ageing on metabolism 
and cognitive functions can be to, an extent, prevented or reversed by 
regular exercise. In mice, exercise-regulated molecules from muscle and 

fat, such as irisin and adiponectin, play an important role in periphery-
brain crosstalk. The question is whether this interorgan communication 
contributes to the exercise-enhanced brain plasticity in humans. Our aim 
was to investigate the impact of aerobic-strength training on adiponectin 
levels in cerebrospinal fluid (CSF) in the elderly, in association with 
metabolism, cognitive functions and volume of selected brain areas.
Materials and methods:  Elderly individuals (M/F 6/21; 
66.1±5.9yrs; BMI 26.3±3.7kg/m2) underwent 3-month supervised 
aerobic-strength training (3x1h/week). Before & after intervention, 
body composition (DEXA,MRI), physical fitness (Rockport walk 
test), muscle strength (dynamometry), motor functions (walking 
speed & chair stand test), insulin sensitivity & metabolic flexibility 
(euglycemic hyperinsulinemic clamp, EHC; indirect calorimetry), 
cognitive functions (cognitive tests), brain volumetry (MRI), adi-
ponectin (serum, CSF; ELISA, imunoblotting), glycemia & insu-
linemia were determined. Samples of CSF were obtained by atrau-
matic lumbar puncture before & after training.
Results: Training reduced BMI, blood pressure & insulinemia, and 
improved insulin sensitivity & metabolic flexibility, physical fitness 
 (VO2max), motor functions and memory in the elderly (p<0.05 for 
all). Memory improvement was more pronounced in individuals 
with mild cognitive impairment (MCI). Training tended to increase 
CSF adiponectin in cognitively healthy elderly (p=0.057), with-
out a change in individuals with MCI (p>0.1). Blood adiponectin 
levels were not affected (p>0.1). Before training, CSF adiponectin 
was higher in MCI group compared to cognitively healthy controls 
(p<0.05), with the difference weakened after training (p>0.1). We 
did not observe differences between MCI and controls in serum adi-
ponectin. Adiponectin in CSF correlated positively with psychomo-
tor attention score (CogState) and volume of corpus callosum (both 
p<0.05). Serum adiponectin correlated negatively with parameters of 
obesity and insulin resistance, while CSF adiponectin was not associ-
ated with anthropometric & metabolic parameters.
Conclusion: Relatively short-term aerobic-strength training improved 
the spectrum of metabolic, anthropometric and motor parameters in 
the elderly, with a potential to slow down ageing-associated decline of 
cognitive functions. Training modulated adiponectin in cerebrospinal 
fluid which indirectly supports its putative role in exercise-induced 
enhancement of brain plasticity in humans.
Clinical Trial Registration Number: NCT03330470
Supported by: APVV 20-0466, VEGA-2/0076/22, APVV 19-0411, 
COST DePASS
Disclosure: B. Ukropcová: None.

496
The role of extracellular vesicles derived from continuous aerobic 
training and high- intensity interval training in beta cell function
Z. Wang1,2, X.  Zheng2;
1Karolinska Institutet, Stockholm, Sweden, 2West China Hospital, 
Sichuan University, Chengdu, China.

Background and aims: Recent research has shown that physical activ-
ity can rapidly induce extracellular vesicle (EV) release from organs 
into circulation, alleviating insulin resistance in muscle, adipocytes 
and liver through their various exosomal content (protein, miRNA, 
etc.). However, whether exercise-induced EV release can improve the 
function and survival of pancreatic β cells remains unclear. Moreover, 
exercise intensity could potentially have an influence on EV release. 
Thus, the overall aim of this project is to explore the effect of different 
types of exercise-derived EVs on pancreatic β cells.
Materials and methods: Five healthy male volunteers were included 
in this study. Two different types of exercise were carried out with one 
week interval: Following 2 minutes warm-up, volunteers performed 1) 
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Continuous Aerobic Training (CAT), consisting in 60%~80% HRmax 
for 20 min; 2) High-Intensity Interval Training (HIIT), corresponding 
to 10 cycles of 80%~95% HRmax for 60s followed by 60s rest (total 
20min). Blood (20ml) was collected from right upper limb veins pre- 
and post-exercise within 5 min. The circulating EVs were purified by 
ultracentrifugation and characterized in terms of size and morphology. 
Finally, miRNA was extracted for sequencing and further analysis.
Results: There were no detectable differences in both diameter 
and concentration of EVs between the two types of exercise. In the 
HIIT group there are 11 miRNAs are up-regulated and 9 miRNAs 
are down-regulated as compared to levels pre-exercise. However, 
27 miRNAs were up-regulated and 46 miRNAs down-regulated in 
the CAT group. Among EVs upregulated by both types of physical 
exercise, miR-766-3p in HIIT group and miR-874-3p in CAT group 
have previously been reported to positively affect β cell function. 
By bioinformatic analysis, we found that other miRNAs enriched 
in exercise-induced EVs, such as miR-455-3p, miR-483-5p in CAT 
group and miR-185-3p in HIIT group may also improve β cell func-
tion. Future in vitro functional analysis will be performed to confirm 
this hypothesis and to elucidate the potential effect of these miRNAs 
on beta cell function and survival.
Conclusion: There were no different in characteristics of EVs 
between the two types of exercise. However we found that their 
miRNA content was different. The outcome of this project should 
furthermore bring new information on potential differences between 
CAT and HIIT with regard to their impact on pancreatic islet function.
Disclosure: Z. Wang: None.

497
Impact of a 4-week intensive track and field training on glycaemia 
in children and adolescents with type 1 diabetes: the ChilDFiT1 
study
R.T. Zimmer1, F.  Aberer2,1, P.  Birnbaumer3, J.  Schierbauer1, C. 
 Sternad2, M.  Hamidi2, B.  Zunner1, M.  Fritsch4, E. Fröhlich-Reiterer4, 
P.  Hofmann3, H.  Sourij2, O.  Moser1;
1Research Group Exercise Physiology and Metabolism, University of 
Bayreuth, Bayreuth, Germany, 2Interdisciplinary Metabolic Medicine 
Trials Unit, Division of Endocrinology and Diabetology, Medical 
University of Graz, Graz, Austria, 3Exercise Physiology, Training & 
Training Therapy Research Group, University of Graz, Institute of 
Human Movement Science, Sport and Health, Graz, Austria, 4Depart-
ment of Paediatrics and Adolescent Medicine, Division of General 
Paediatrics, Medical University of Graz, Graz, Austria.

Background and aims: Therapy recommendations regarding exercise 
are often too general in adolescents with type 1 diabetes (T1D). In this 
multicentric, randomized-controlled trial we explored the safety and 
efficacy of medically supported intensive glycaemic management with 
or without track and field training in adolescents with T1D.
Materials and methods: 18 adolescents with T1D were included in 
the study (age 15.1±1.1 years,  HbA1c 7.3±1.0%). After a four-week 
non-interventional control phase, 10 participants (5 female) only 
received medically supported intensive glycaemic management (IT; 
3/week) and 8 participants (2 female) additionally performed track 

and field exercise sessions (EX; 3/week, á 60 min) for four weeks. 
Glycaemia was assessed via CGM during both phases and data were 
evaluated via paired t-test and RM one-way ANOVA (p≤0.05).
Results: Time in range (TIR) significantly improved during the 
exercise intervention in the EX group when compared to the control 
phase (p=0.049), which was not seen for the IT group (p=0.399). 
The time below range 1 (TBR1) decreased in the IT group (p=0.017), 
but did not change in the EX group (p=0.999). TBR2 and time above 
range (TAR1, TAR2) did not change in EX and IT during the inter-
vention compared to the control phase (p>0.05), except for the rising 
TAR1 in the IT group (p=0.037). Table 1 shows the range definitions 
and mean ± standard deviation of % time in the respective glycae-
mic ranges. Additionally,  HbA1c ameliorated pre-vs. post-interven-
tion within the EX group (mean difference: ΔHbA1c -0.19±0.17%, 
p=0.042), but not within the IT group (ΔHbA1c -0.16±0.37%, 
p=0.40). Glycaemic variability assessed by means of glucose stand-
ard deviation improved significantly only for the EX group (55±11 
vs. 51±10 mg/dL, p=0.011; IT: 70±24 vs. 63±18 mg/dL, p=0.186). 
In addition, significant improvements were recorded in Fat-Free 
Mass and Body Cell Mass in the EX group (FFM: 52.2±7.3 vs. 
52.8±7.5 kg, p=0.044; BCM: 30.8±7.1 vs. 31.4±7.2 kg, p=0.005) as 
an indicator of an increase in muscle mass, which was not observed 
in the IT group (p>0.05).
Conclusion: Track and field training in combination with medically 
supported intensive glycaemic management improved glycaemia in 
adolescents with T1D by enhancing the TIR and HbA1c and, at the 
same time, resulted in stable and generally low TBR. However, only 
stand-alone supported intensive glycaemic management improved 
TBR1 significantly.

Clinical Trial Registration Number: DRKS00027954
Supported by: The CGM sensors used in the study (Dexcom G6) were 
provided to us free of charge by Dexcom, Inc.
Disclosure: R.T. Zimmer: Other; The CGM sensors used in the study 
(Dexcom G6) were provided to us free of charge by Dexcom, Inc.
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Mapping the druggable targets displayed by human colonic enter-
oendocrine cells
Y. Lei1, M.  Jacobs1, N.  Haq1, A.  Tsakmaki1, B.  Hayee2, G.  Bewick1;
1Department of Diabetes and Obesity, School of Cardiovascular and 
Metabolic Medicine & Sciences, King’s College London, London, 
UK, 2Department of Gastroenterology, King’s College Hospital NHS 
Foundation Trust, London, UK.

Background and aims: Over 20 different gut hormones are produced 
by human enteroendocrine cells (hEECs) scattered throughout the gut 
epithelium. They have emerged as novel therapeutics for diabetes, obe-
sity, and promoting gut growth. The process of gut hormone secretion 
begins with the sensing of circulating, luminal, nervous, or immune 
signals by EECs, involving a series of signalling pathways through cell 
surface proteins (CSPs) such as G protein-coupled receptors (GPCRs), 
nutrient transporters, and ion-channels. This highlights CSPs as criti-
cal targets for therapeutically stimulating gut hormone secretion. This 
study aims to characterize the transcriptome of human colonic EECs 
and identify several CSP targets to validate their functional potential.
Materials and methods: To label the full spectrum of hEECs, human 
CHGA (pan EEC marker)-mNeon colonoid model was generated using 
CRISPR-HOT technology. The mNeon gene was inserted 7bp before the 
stop codon of the endogenous CHGA gene, followed by a puromycin-selec-
tion cassette. This allows the fluorescent protein mNeon to be expressed 
under the control of the CHGA promoter. SORT-seq (a single-cell RNA-
sequencing technology) of mNeon positive cells and Bulk RNA sequencing 
of mNeon positive and negative cells purified by FACS were performed to 
delineate the transcriptomic landscape of human colonic EECs.
Results: Cluster analysis of SORT-seq data identified four major popu-
lations from human colonic EECs: one peptidergic cell cluster enriched 
for GCG and PYY, and three enterochromaffin (EC) cell clusters highly 
expressing TPH1. The three EC cell populations were annotated as fol-
lows: an early developing EC cell cluster enriched for SOX4 and PAX4; 
a differentiated EC cell cluster highly expressing CHGA, NeuroD1, and 
REG4; and a progenitor EC cell cluster enriched for SMOC2, SOX9, and 
BMP4. Bulk RNA sequencing data identified several highly expressed 
receptor genes of human colonic EECs, including gamma-aminobutyric 
acid B receptor 1 (GABBR1), orphan GPCR 173 (GPR173), and inter-
leukin 13 receptor subunit alpha 1 (IL13RA1). When mapped back to the 
SORT-seq data, GPR173 was found to be enriched in differentiated EC 
cell clusters, while GABBR1 and IL13RA1 were enriched in both the 
peptidergic and differentiated EC cell clusters.
Conclusion: In this study, we have built a transcriptome repository of 
human colonic EECs. The results provide a key platform to elucidate 
potential surface protein targets that can be harnessed to stimulate secre-
tion of specific gut hormones or alter intestinal physiological functions.
Supported by: K-CSC PhD Scholarship programme; SfE Early Career 
Grant
Disclosure: Y. Lei: Grants; King’s-China Scholarship Council PhD 
Scholarship programme (K-CSC), Society for Endocrinology Early 
Career Grant.

499
Elevated FGF21 levels after total pancreatectomy and in response 
to single-dose glucagon receptor antagonist administration in 
humans
M.F.G. Grøndahl1, C.T.B.  Juel1, A.B.  Lund1, S. Hædersdal1, 
M.M.  Andersen1, C.P.  Hansen2, J.H.  Storkholm2, M.P.  Gillum3,4, B. 
 Hartmann4,3, J.J.  Holst4,3, T. Vilsbøll1,5, F.K.  Knop1,5;
1Center for Clinical Metabolic Research, Hellerup, Denmark, 2Depart-
ment of surgery, Copenhagen University Hospital - Rigshospitalet, 

Copenhagen, Denmark, 3Faculty of Health and Medical Sciences, Novo 
Nordisk Foundation Center for Basic Metabolic Research, Copenha-
gen, Denmark, 4Faculty of Health and Medical Sciences, Department 
of Biomedical Sciences, Copenhagen, Denmark, 5Faculty of Health 
and Medical Sciences, Department of Clinical Medicine, Copenhagen, 
Denmark.

Background and aims: Fibroblast growth factor 21 (FGF21) is a 
liver-secreted hormone reportedly improving metabolic homeosta-
sis, partly via reduced hunger for sugar, lipids, protein and alcohol. 
Exogenous glucagon has been shown to increase circulating FGF21 
levels, but the role of endogenous glucagon for the control of FGF21 
secretion remains unknown. To elucidate the relationship between 
endogenous glucagon and FGF21 in humans, we investigated the 
effect of chronic pancreatic glucagon depletion and acute glucagon 
receptor antagonism, respectively, on FGF21 levels.
Materials and methods: Nine totally pancreatectomized subjects (7 
men, 2 women, age 61.3 ± 10.3 years, BMI 22.6 ± 4.8 kg/m2) and 
9 matched control subjects (6 men, 3 women, age 65.9 ± 8.8 years, 
BMI 23.9 ± 2.7 kg/m2) underwent two randomized, double-blinded 
test days 24 hours after single-dose oral administration of either 
the glucagon receptor antagonist LY2409021 (300 mg) or placebo. 
FGF21 levels were measured both in the fasting state and in response 
to an oral glucose tolerance test (OGTT).
Results: The pancreatectomized patients exhibited significantly 
increased mean fasting FGF21 levels compared to the control sub-
jects (493 ± 429 vs 108 ± 58 pg/mL, P=0.02). In the control sub-
jects, administration of LY2409021 significantly increased mean 
fasting levels of FGF21 (216 ± 117 vs 108 ± 58 pg/mL, P=0.004) 
whereas fasting FGF21 levels in the pancreatectomized patients 
were unaffected by LY2409021. In both groups, FGF21 levels 
increased similarly in response to the OGTT, with no significant 
treatment effect of LY2409021.
Conclusion: Our results suggest that both chronic glucagon deple-
tion and acute antagonism of the glucagon receptor mediate an 
increase in FGF21 levels in humans, pointing to direct or indirect 
effects of glucagon as important regulators of FGF21 secretion.
Clinical Trial Registration Number: NCT02944110
Supported by: This study was supported by grants from the Aase 
and Ejnar Danielsen’s Foundation and the Novo Nordisk Foundation.
Disclosure: M.F.G. Grøndahl: Grants; This study was supported 
by grants from the Aase and Ejnar Danielsen’s Foundation and the 
Novo Nordisk Foundation. Other; LY2409021 was supplied free of 
charge by Eli Lilly and Company.

500
Extrapancreatic effects of endogenous incretin hormones evalu-
ated using incretin hormone receptor antagonists in totally pan-
createctomised patients
L. Krogh1, C.K.  Nielsen1, N.C.  Bergmann1, J.J.  Holst2,3, A.  Lund1, 
L.S.  Gasbjerg1,2, F.K.  Knop1,4;
1Center for Clinical Metabolic Research, Hellerup, Denmark, 
2Department of Biomedical Sciences, University of Copenhagen, 
Copenhagen, Denmark, 3Faculty of Health and Medical Sciences, 
Novo Nordidsk Foundation Center for Basic Metabolic Research, 
Copenhagen, Denmark, 4Steno Diabetes Center Copenhagen, Gen-
tofte, Denmark.

Background and aims: Extrapancreatic effects of the incretin hor-
mones glucose-dependent insulinotropic polypeptide (GIP) and gluca-
gon-like peptide 1 (GLP-1) are thought to include both appetite, satiety, 
and food intake-modulating effects as well as haemodynamic effects. 
Here, we investigated extrapancreatic effects of endogenous GIP and 
GLP-1 by administrating the GIP receptor antagonist GIP(3-30)NH2 
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and the GLP-1 receptor antagonist exendin(9-39)  NH2 separately and 
combined in totally pancreatectomized patients.
Materials and methods: In a randomized, double-blind, placebo-con-
trolled, crossover study, 12 totally pancreatectomized patients (four 
women; (mean ± SD) age 69.2 ± 3.5 years; BMI 24.6 ± 4.2 kg/m2; 
HbA1c 66.4 ± 12.2 mmol/mol) were subjected to four separate experi-
mental days involving a mixed meal test and a concomitant continuous 
260-minute i.v. infusion with either GIP(3-30)NH2 (800 pmol/kg/min), 
exendin(9-39)NH2 (1,000 pmol/kg/min for 20 minutes and then 450 
pmol/kg/min), GIP(3-30)NH2 + exendin(9-39)NH2, or placebo (saline). 
During each experimental day, participants filled out visual analogue 
scale (VAS) questionnaires for assessment of appetite and satiety sensa-
tions every hour, heart rate and blood pressure was monitored, and an 
ad libitum meal was served before terminating the infusion.
Results: All twelve totally pancreatectomized patients completed the 
four experimental days. Compared to placebo, there were no significant 
differences in appetite and satiety-related VAS measures, plasma glu-
cose levels, heart rate, systolic or diastolic blood pressure, or ad libitum 
food intake during infusions with GIP(3-30)NH2, exendin(9-39)NH2, 
and GIP(3-30)NH2 + exendin(9-39)NH2, respectively.
Conclusion: No extrapancreatic effects on the parameters measured 
of endogenous GIP and GLP-1 could be established as assessed by 
separate and combined infusions of the GIP receptor antagonist 
GIP(3-30)NH2 and the GLP-1 receptor antagonist exendin(9-39)
NH2 in totally pancreatectomized patients. These results question 
the general view of direct physiological incretin effects on appetite, 
satiety, and food intake.
Clinical Trial Registration Number: NCT05177653
Supported by: EFSD/Novo Nordisk A/S Programme
Disclosure: L. Krogh: None.

501
Fasting plasma GIP is related to metabolic derangements in 
health and type 2 diabetes
M.J. Borg, C. Xie, C. Rayner, M. Horowitz, K. Jones, T. Wu;
University of Adelaide, Adelaide, Australia.

Background and aims: There is an increasing interest in glucose-
dependent insulinotropic polypeptide (GIP) as a therapeutic target in 
type 2 diabetes (T2D) and obesity. This is despite the longstanding 
recognition that the insulinotropic capacity of GIP is markedly attenu-
ated in T2D. In rodents, augmented GIP signaling is linked to increased 
de novo lipogenesis and both hepatic and subcutaneous fat deposition, 
which predispose to the development of non-alcoholic fatty liver disease 
(NAFLD) and insulin resistance. The relevance of GIP to these meta-
bolic derangements in humans remains unclear. We, therefore, examined 
the relationships of metabolic parameters, including BMI, plasma liver 
enzymes, and markers of hepatic steatosis and insulin sensitivity, with 
fasting plasma GIP levels in healthy individuals and those with T2D.
Materials and methods: 20 healthy subjects (17 male, 52.1 +/- 5.2 years, 
HbA1c 5.4 +/- 0.1% [35.4 +/- 0.8 mmol/mol]) and 34 T2D subjects (26 
male, 67.5 +/- 1.4 years, HbA1c 6.5 +/- 0.1% [47.5 +/- 1.2 mmol/mol], 
duration of known T2D 8.25 +/- 1.1 years, managed by diet [n=16] or 
metformin monotherapy [n=18]), were included. Fasting venous blood 
was collected for measurements of plasma total GIP, glucose, insulin and 
liver enzymes (alanine aminotransferase [ALT], aspartate aminotrans-
ferase [AST], gamma-glutamyl transpeptidase [GGT] and alkaline phos-
phatase [ALP]). The Hepatic Steatosis Index (HSI) and Homeostatic 
Model Assessment of Insulin Resistance (HOMA-IR) were calculated 
using validated equations, as HSI = 8 x ALT/AST ratio + BMI (+2 if dia-
betes, +2 if female), and HOMA-IR = (insulin x glucose) / 22.5, respec-
tively. Pearson correlation analysis was applied to examine the relation-
ships between predefined metabolic parameters and fasting plasma total 
GIP levels. P < 0.05 was considered significant. Data are means +/- SEM.

Results: The results are shown in the table. In healthy subjects, BMI, 
HOMA-IR and HSI, but not liver enzymes, correlated positively with 
GIP. In T2D subjects, BMI, ALT and ALP correlated positively with 
GIP, with a trend for AST and HSI to correlate positively with GIP. No 
relationship between GIP and either GGT or HOMA-IR was evident in 
T2D subjects.
Conclusion: We conclude that fasting plasma GIP levels are related 
directly to a number of metabolic derangements, including higher 
BMI, insulin resistance and hepatic steatosis in health, and higher 
BMI and plasma liver enzyme levels, and hepatic steatosis in T2D. 
These observations should stimulate further studies to define the 
metabolic roles of endogenous GIP in both health and T2D.

Supported by: The Hospital Research Foundation
Disclosure: M.J. Borg: None.

502
Estimating the incretin effect from a glucose-insulin-glucagon 
coupled model of OGTT 
V. Subramanian1, J.I.  Bagger2, V.  Harihar3, J.J.  Holst4, F.K.  Knop2, 
T. Vilsbøll5;
1Institute for Computational Medicine, Johns Hopkins University, Bal-
timore, MD, USA, 2Center for Clinical Metabolic Research, Gentofte 
Hospital, University of Copenhagen, Hellerup, Denmark, 3Biophys-
ics, Johns Hopkins University, Baltimore, MD, USA, 4Department 
of Biomedical Sciences, Faculty of Health and Medical Sciences, 
University of Copenhagen, Copenhagen, Denmark, 5Department of 
Clinical Research, Steno Diabetes Center Copenhagen, University of 
Copenhagen, Herlev, Denmark.

Background and aims: Type 2 diabetes (T2D) is characterized by a 
diminished incretin effect and incretin-based therapies have proven 
effective in disease management. The incretin effect is estimated via an 
OGTT followed by an isoglycaemic i.v. glucose infusion (IIGI) on the 
same patient on a subsequent day. As this method requires two separate 
days, a method of estimating the incretin effect from one experimental 
day (OGTT) would be useful. The aim of this study is to estimate the 
incretin effect directly from fitting a model to data from OGTT.
Materials and methods: A coupled model of glucose-insulin-gluca-
gon dynamics that includes the contribution of the incretins, glucose-
dependent insulinotropic polypeptide (GIP) and glucagon-like peptide 
1 (GLP-1) to insulin secretion, was developed to describe the OGTT 
experiment. The model was fit to data from a 75 g-OGTT on 8 controls 
(CTRLs) without diabetes (CTRLs) and 8 patients with T2D which 
yielded parameters related to incretin-dependent insulin secretion and 
glucose-dependent insulin secretion. Simulations were run with the 
coupled model and the parameters determined in the presence and 
absence of the incretin contribution to insulin secretion to estimate 
the incretin effect.
Results: Good fits of the data were obtained for 7 CTRLs and 8 
patients with T2D. Though the contribution of both GIP and GLP-1 
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to insulin secretion could not be estimated simultaneously, includ-
ing either GIP or GLP-1 in the coupled model gave a good fit of the 
insulin data (adjusted  R2 > .99). The net incretin effect was estimated 
by taking the average of the incretin effect obtained from the GIP 
and GLP-1 fits. The incretin effect calculated from the model was 
compared to that obtained from the OGTT followed by IIGI. The 
calculated incretin effects based on GIP, GLP-1, the average and the 
experimentally determined values were not significantly different in 
CTRLs (n=7, Mann-Whitney U test: p < .52, .60, and .48 respec-
tively) and in T2D (n=8, p < .52, .072, .22). The Spearman rank 
test correlation coefficients (and p values) for the GIP fit, the GLP-1 
fit and average calculated values with the experimental values were 
(n=12; 7CTRLs/5T2D) 0.74 (<.0038), 0.44 (<.13), 0.67 (<.012), 
respectively. The calculated incretin effects from the GIP and GLP-1 
fits were not significantly different in CTRLs (59% vs 56%; Wil-
coxon signed rank test: p < .93). In T2D patients, the calculated 
effect from the GIP fit was significantly smaller than that obtained 
from the GLP-1 fit (24% vs 36%; Wilcoxon signed rank test: p < 
.022). Compared to CTRLs, T2D patients had a significantly smaller 
effect from the GIP fit, GLP-1 fit, and the average value, respectively 
(Mann-Whitney U Test: p <.0014, .024, and .0032).
Conclusion: The results show that the correlation between the cal-
culated incretin effect from the 75g OGTT and the experimentally 
determined values is good. This newly developed method for calcu-
lating the incretin effect directly from the OGTT experiment appears 
to be a promising alternative to estimation from experiments on two 
separate days (OGTT and IIGI).
Clinical Trial Registration Number: NCT00529048
Supported by: K25DK131328
Disclosure: V. Subramanian: None.

503
Plasma relaxin-2 concentrations are related to parameters of glu-
cose homeostasis in patients with essential hypertension and type 
2 diabetes
O. Pankova, O. Korzh;
Kharkiv National Medical University, Kharkiv, Ukraine.

Background and aims: Impaired glucose metabolism causes a wors-
ening of the course of arterial hypertension (AH) and increases the 
risk of cardiovascular complications. Relaxin-2 (RLN-2) is not only 
a reproductive hormone but also has other physiological effects in 
non-pregnant female and male patients, in particular vasodilatory, 
anti-inflammatory, and insulin-like actions. This indicates its involve-
ment in the pathogenesis of cardiometabolic diseases. In this study, we 

aimed to evaluate the RLN-2 plasma concentrations in patients with 
AH, especially with type 2 diabetes mellitus (T2DM), and investigate 
the associations with characteristics of glucose metabolism.
Materials and methods: The present study was performed in accord-
ance with all ethical principles of the Helsinki Declaration. The study 
protocol was approved by the local ethics committee. Each study 
participant signed a written informed consent prior to any protocol 
procedures. 136 study subjects were enrolled in the study. 106 par-
ticipants had AH, and 30 were healthy volunteers. 55 hypertensive 
patients had comorbid 2TDM. The clinical examination and blood 
samples were collected from all study subjects. Plasma RLN-2 levels 
were measured by an enzyme-linked immunosorbent assay (ELISA) 
using a commercial kit (E-EL-H1582, Elabscience, USA). The quan-
titative variables were presented as a median and interquartile range. 
The qualitative variables were shown as percentages and whole num-
bers. Statistical significance was defined as p<0.05. Statistical data 
were analyzed using SPSS statistical software (SPSS 25.0 for Win-
dows, IBM, Armonk, NY, USA).
Results: The median RLN-2 concentration in plasma was 2.01 pg/
ml [0;6.12] (range: 0-16.83). RLN-2 was detected only in 79 study 
participants (58.09%). Notably, patients with AH had a significantly 
higher RLN-2 detection rate than healthy volunteers (66.04%;70 vs. 
30%;9; p<0.001). Moreover, RLN-2 was more frequently detect-
able in patients with AH and T2DM compared with those without 
T2DM (76.36%;42 vs. 54.9%;28; p=0.02). RLN-2 concentrations 
were reduced in patients with AH compared with control subjects 
(5.0 [3.05; 6.54], range: 0.38-9.03 vs. 11.17 [9.34; 13.55], range: 
6.58-16.83; p<0.001). Besides, patients with AH and T2DM had 
decreased RLN-2 levels in comparison with hypertensive patients 
without impaired glucose metabolism (3.67 [2.05; 5.21], range: 
0.38-8.72 vs. 6.43 [5.37; 7.14], range: 1.23-9.03; p<0.001). RLN-2 
plasma concentrations were negatively associated with the duration 
of T2DM (r=−0.465; p=0.002). RLN-2 significantly correlated 
with such laboratory parameters of carbohydrate metabolism as 
glucose (r=−0.637; p<0.001), insulin resistance index (HOMA-IR) 
(r=−0.394; p<0.001), and  HbA1c (r=−0.704, p<0.001). At the same 
time, multiple linear regression analysis established among these 
variables only  HbA1c (β=−0.58; p=0.02) as an independent predic-
tor of RLN-2 levels.
Conclusion: In this study, we revealed a decline in RLN-2 plasma 
levels in patients with T2DM. In addition, we established a negative 
correlation between RLN-2 concentrations and laboratory parameters 
of glucose metabolism as well as the duration of DM. These findings 
may indicate the RLN-2 involvement in T2DM pathogenesis and sup-
pose its possible diagnostic role for this disease, especially in patients 
with comorbid AH.
Disclosure: O. Pankova: None.
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Chloride currents underlie basal and alanine-induced alpha cell 
activity
A. Hamilton1,2, N.L.  Mogensen1, A.T. Sanz-Pastor1,3, L.  Eliasson4, 
J.G.  Knudsen1;
1Section for Cell Biology and Physiology, Department of Biology, 
University of Copenhagen, Denmark, Copenhagen, Denmark, 2Dept 
Clinical Sciences Malmö, Islet cell Exocytosis, Dept Clinical Sciences 
Malmö, Lund University Diabetes Centre, Lund University, Malmö, 
Sweden, 3Faculty of Experimental Sciences, University Francisco de 
Vitoria of Madrid, Madrid, Spain, 4Islet cell Exocytosis, Dept Clinical 
Sciences Malmö, Lund University Diabetes Centre, Lund University, 
Malmö, Sweden.

Background and aims: Dysregulated glucagon secretion is cen-
tral to diabetes with hyperglucagonaemia a key driver of hypergly-
caemia. Despite this, the regulation of glucagon secretion remains 
enigmatic. Chloride  (Cl-) has been shown to play important roles 
in neighboring beta cells but has not been extensively studied in 
alpha cells. We therefore decided to assess the potential role of  Cl- in 
alpha cells, looking at the  Cl- permeable CFTR channel, which due 
to its dependence on ATP may represent a potential link between 
alpha cell metabolism and electrical activity, and the alanine/serine/
cysteine transporters (ASCTs), that conduct  Cl- when transporting 
amino acids. Alanine was chosen to study these transporters due to 
its known potency in stimulating glucagon secretion.
Materials and methods: Experiments were performed on whole islets iso-
lated from female c57b/6n mice. Calcium  (Ca2+) activity was measured using 
live confocal microscopy with the dye Fluo4, alpha cells were identified by 
their responsiveness to adrenaline and activity at 1mM glucose. Sequential 
secretion was performed with glucagon and insulin secretion measured using 
MSD ELISA. All  Ca2+ imaging and secretion experiments were performed 
in Krebs’ ringer buffer supplemented with 0.36mM Non-esterified fatty acids 
(NEFA). Immunocytochemistry was performed to detect CFTR and glucagon 
in whole islets with images taken using a confocal microscope. Immunohisto-
chemistry was used to assess glucagon and ASCT localization in pancreatic 
tissue sections using an epifluorescence microscope.
Results: The importance of Cl- conductance was underlined by experi-
ments where extracellular Cl- was reduced. This induced  Ca2+ activ-
ity in alpha cells with increases in peak frequency at 1mM glucose 
(p=0.0191). CFTR was found to co-localise with glucagon in pan-
creatic islets. Blocking of CFTR with CFTR-Inh172 at 5 μM or 10 
μM caused cessation of  Ca2+ dynamics with clear decreases in peak 
frequency at 1mM glucose (5μM: p<0.0001; 10μM: p<0.0001), indi-
cating a central role for the channel in the maintenance of alpha cell 
 Ca2+ dynamics. To assess the effects of alanine we used a physiological 
concentration of 500μM and 3mM alanine at 1mM and 5mM glucose. 
As expected, alanine increased  Ca2+ peak frequency in alpha cells at 
1mM glucose but significant effects were only observed with the higher 
concentration (500μM: p=0.0604; 3mM: p=0.0041). At 5mM glucose, 
both concentrations increased peak frequency (500μM: p=0.0004; 
3mM: p=0.0005). In secretion assays, 3mM alanine was found to sig-
nificantly increase glucagon secretion at 1mM glucose (p=0.0177). 
Immunostaining revealed that the isoform ASCT1 co-localised with 
glucagon in pancreatic tissue sections while ASCT2 was not found 
in alpha cells but was found in a small proportion of non-alpha cells. 
Inhibiting ASCTs with 4-chlorophenylglycine (100μM) reduced the 
effect of 3mM alanine on  Ca2+ activity at 1mM glucose (p=0.002).
Conclusion:  Cl- plays a crucial role in α-cell regulation both in terms 
basal activity via CFTR but also the effect of alanine via ASCT1.
Supported by: SSMF International Postdoctoral Grant
Disclosure: A. Hamilton: None.

505
Accumulation of sodium is required for glucose inhibition of 
glucagon secretion from pancreatic alpha cells
S.L. Armour, J.G. Knudsen;
Department of Biology, Copenhagen University, Copenhagen, 
Denmark.

Background and aims: Pancreatic alpha cells are equipped with 
glucose transporters (GLUT1), but also sodium glucose transporters 
(SGLT) which allows sodium to enter the cell under all physiologically 
relevant glucose concentrations. The presence of these transporters 
suggests that there may be a role for sodium in alpha cell function. 
Alpha cells also express sodium calcium exchangers (NCX), membrane 
proteins that regulate calcium influx and efflux during action potentials 
in electrically excitable cells. As the function of these exchangers are 
dependent on sodium and calcium gradients, changes in intracellular 
sodium accumulation at different glucose levels may influence the func-
tion of NCX and the regulation of calcium. Here, we investigate the 
role of SGLT and NCX to elucidate how sodium transport contributes 
to alpha cell function and glucagon secretion.
Materials and methods: Experiments were carried out using isolated 
islets from C57BL/6J mice or PdkαKI mice. Phlorizin (750 nM) and 
SEA0400 (5 μM) were used to inhibit SGLT and NCX respectively. 
Glucagon secretion from whole islets was quantified by MSD ELISA. 
Changes in calcium oscillations were assessed using live cell imag-
ing in response to various glucose concentrations, in the presence 
or absence of sodium transporter inhibitors. Sodium dynamics was 
assessed by incubation of islets with Sodium Green Dye, and alpha 
cells were identified through infection with fluorescent sensor H2B-
mCherry under the control of the preproglucagon promoter.
Results: Increasing glucose from 1 to 5 mM caused an increase in 
sodium green fluorescence from 1.04 to 1.27 (F/F0), specifically in 
alpha cells (p=0.0095). This coincided with a significant decrease 
in glucagon secretion from 0.23 to 0.15 % content (p=0.0313). The 
inability of alpha cells to accumulate sodium causes loss of glucose 
repression of glucagon secretion both in islets treated with the SGLT 
inhibitor phlorizin (0.24 to 0.22 % content in 1 vs 5 mM glucose 
respectively, p=0.73), and in islets from mice with an alpha cell 
knock in of Pdk4 (0.61 to 0.59 % content at 1 and 5 mM glucose 
respectively, p=0.85). Inhibition of NCX reduced calcium oscilla-
tions at 1 mM glucose (1.43 to 0.95 peaks/min, for 1 mM glucose vs 
1 mM glucose + SEA0400, p=0.0061) and restored glucose reduc-
tion of calcium oscillations from islets treated with 5 mM glucose + 
phlorizin (1.34 to 0.60 peaks/min for 5 mM glucose+ phlorizin vs 5 
mM glucose + phlorizin+ SEA0400, p=0.0303).
Conclusion: Sodium accumulation in pancreatic alpha cells is impor-
tant for suppression of glucagon at normal circulating glucose levels. 
NCX activity is required for calcium oscillations at low glucose, and 
inhibition of the exchanger at higher glucose concentrations could be 
a potential target for treatment of dysregulated glucagon secretion.
Supported by: Novo Nordisk Foundation
Disclosure: S.L. Armour: None.

506
Glucose mediated production of redox equivalents increases the 
secretory potential of alpha cells
A. Frueh, G. Katzilieris-Petras, S. Armour, J.G. Knudsen;
University of Copenhagen, Copenhagen, Denmark.

Background and aims: The role of dysregulated glucagon secretion 
in diabetes is becoming increasingly apparent. While hyperglucagon-
emia contributes to hyperglycemia, insufficient glucagon secretion is 
potentially life threatening and limits insulin therapy considerably. It 
is clear that both intrinsic and paracrine regulation controls glucagon 
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secretion, but the inherent glucose sensing mechanism remains elu-
sive. Alpha cells oxidize only low amounts of glucose and rely on fatty 
acids to maintain cellular energy levels. The cells are also equipped 
with high levels of anti-oxidative proteins such as SOD2 and Catalase 
to limit reactive oxygen species (ROS). To understand why the high 
ROS handling capacity is required and how this affects alpha cell 
function, we investigate the role of intracellular redox changes in the 
regulation of glucagon secretion.
Materials and methods: To study how glucose affects the redox 
potential in alpha cells, we generated alpha cell specific cytosolic 
redox and mitochondrial ROS sensor constructs and measured 
changes in the redox ratio using confocal time-lapse live cell imag-
ing accompanied by hormone secretion assays.
Results: Increasing glucose from a glucagon-stimulating concentra-
tion (1mM) to an inhibitory normoglycemic concentration (5mM) led 
to a 1.13x more reduced cytosol (±0.08, p=0.003) in alpha cells in 
intact mouse islets. Interestingly, pre-incubating pancreatic islets in 
low glucose concentrations prior to hormone secretion experiments to 
deplete this glucose derived redox pool, limited glucagon secretion at 
low glucose (0.27% ±0.05% of glucagon content vs 0.37% ±0.04%; 
p=0.006). Addition of the antioxidant N-Acetylcysteine (NAC) to low 
glucose pre-incubation of islets rescued these effects and increased the 
redox potential and glucagon secretion in stimulatory, but not inhibi-
tory glucose concentrations by approximately 20% each (p=0.041 for 
redox potential and 0.045 for secretion). Pre-incubation with NAC also 
revealed a strong increase in calcium activity using the calcium dye 
fluo-4 at low glucose. To explore if our findings can be explained by 
direct effects of ROS on metabolism, we measured ATP in response to 
NAC as well as intra-mitochondrial ROS production in response to glu-
cose. Both remained unchanged despite the presence of the antioxidant 
or increased glucose availability (p=0.95 and 0.39, respectively). We 
further attempted to disrupt the redox potential with hydrogen peroxide 
 (H2O2). Addition of 25μM  H2O2 briefly lowered the redox potential, 
but the redox equilibrium quickly recovered despite constant wash-on 
of fresh solution, highlighting effective ROS handling by the cells. 
Addition of 25μM  H2O2 did not abolish glucagon secretion at low 
glucose, but instead led to insufficient inhibition of glucagon secretion 
at 5mM glucose without affecting insulin.
Conclusion: These findings show that redox signaling does not sim-
ply turn glucagon secretion on or off, but suggest that redox equiva-
lents produced during normoglycemia are required to maintain gluca-
gon secretion when glucose is sparse.
Supported by: Novo Nordisk Foundation
Disclosure: A. Frueh: None.

507
Metabolic effect of epinephrine infusion in people with type 1 
diabetes and healthy individuals
R. She1,2, T.  Suvitaival3, H.U.  Andersen3, E.  Hommel3, K. Nørgaard3, 
J.  Wojtaszewski4, C. Legido-Quigley3,5, U. Pedersen-Bjergaard1,2;
1Department of Endocrinology and Nephrology, Nordsjællands Hos-
pital, Hillerød, Denmark, 2Department of Clinical Medicine, Univer-
sity of Copenhagen, Copenhagen, Denmark, 3Steno Diabetes Center 
Copenhagen, Herlev, Denmark, 4Department of Nutrition, Exercise 
and Sports, University of Copenhagen, Copenhagen, Denmark, 
5King’s College London, London, UK.

Background and aims: Epinephrine is the primary counterregu-
latory hormone to hypoglycaemia in people with type 1 diabetes 
(T1D). Diminished epinephrine responses to hypoglycaemia due to 
counterregulatory failure is common in T1D and probably induced 
by exposure to recurrent hypoglycaemia. The metabolic effects of 
epinephrine have received less attention, and additionally, there is 
conflicting evidence on epinephrine sensitivity in T1D. Thus, we 

aimed to investigate the metabolic response to epinephrine and 
explore whether it is modified by prior exposure to hypoglycaemia.
Materials and methods: Eighteen participants with T1D and nine 
healthy controls underwent a three-stepwise ascending epinephrine 
infusion during a hyperinsulinemic-euglycaemic clamp. Plasma glu-
cose was measured every 5 min, and blood samples for biochemi-
cal analyses were taken before and at the end of every step of the 
epinephrine intervention. Blood samples for metabolomics analyses 
were taken before and at the end of the last epinephrine infusion step. 
Participants with type 1 diabetes were equipped with a continuous 
glucose monitor the week before the study day. Data from the device 
were used to assess the impact of hypoglycaemia exposure on the 
outcomes. The repeated measurements of plasma glucose, plasma free 
fatty acids (FFAs), plasma glycerol and metabolomics data were sta-
tistically assessed using linear mixed-effect models. The results from 
the statistical analysis of the metabolomics data were also adjusted for 
multiple testing using the Benjamini-Hochberg method.
Results: In participants with type 1 diabetes, plasma FFAs were signifi-
cantly higher during the stepwise epinephrine infusion than in healthy 
controls (p = 0.029). Plasma glycerol also increased significantly in the 
type 1 diabetes group (p < 0.001), in contrast to the healthy controls, 
which did not see a significant response. Metabolomics analyses showed 
that the four most common circulatory FFAs, palmitic acid, stearic acid, 
oleic acid and linoleic acid, increased due to the epinephrine interven-
tion in the T1D group. Other metabolic responses, including the glu-
cose response, assessed using the incremental area under the curve of 
plasma glucose levels, were similar between participants with T1D and 
healthy controls. Statistical analysis showed that hypoglycaemic expo-
sure tended to affect the FFA response negatively.
Conclusion: We conclude that epinephrine sensitivity is tissue-spe-
cific, and while both groups exhibit a similar endogenous glucose 
response, people with T1D have an enhanced lipolytic response to 
epinephrine.
Clinical Trial Registration Number: NCT05095259
Supported by: Novo Nordisk Foundation - NNF17OC0028358
Disclosure: R. She: None.

508
Fibroblast activation protein in patients with growth hormone 
deficiency: before and after treatment
A. Bæk1, M.C. Arlien-Søborg1, A.K.N.  Pedersen2, N.  Jessen3, M. 
 Bjerre1,2, J.O.L. Jørgensen1;
1Department of Clinical Medicine - The Department of Endocrinol-
ogy and Diabetes, Aarhus University, Aarhus, Denmark, 2Department 
of Clinical Medicine - Medical Research Laboratory, Aarhus Univer-
sity, Aarhus, Denmark, 3Department of Clinical Medicine - SDCA-
Steno Diabetes Center Aarhus, Aarhus University, Aarhus, Denmark

.Background and aims: Growth hormone deficiency (GHD) acquired 
during adulthood has detrimental effects for the patients including meta-
bolic implications with decreased insulin sensitivity and changes in the 
adipose tissue. These effects are to a large extent reversed by growth 
hormone (GH) therapy. Fibroblast activation protein-α (FAPα) is an 
enzyme that can cleave collagens and is expressed almost only under 
pathological conditions such as fibrosis. FAPα also inactivates fibro-
blast growth factor 21 (FGF21) which is a circulating hormone with 
potent beneficial effects on metabolism and insulin sensitivity. Despite 
their related involvements, data regarding the interaction between GH, 
FGF21 and FAPα are scarce. The aim of the present study is to meas-
ure circulating FAPα, FGF21 components and biomarkers of collagen 
turnover in patients with adult-onset GH deficiency and in patients with 
acromegaly before and after treatment, compared to a control group.
Materials and methods: Serum samples from 16 patients with adult-
onset GHD at time of diagnosis and after GH treatment have been 
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analyzed using immunoassays for FAPα concentration and activity, 
and total FGF21. Repeated serum samples obtained from 9 patients 
initially suspected for GHD but with a normal GH response to an 
insulin tolerance test serve as controls.
Results: Our preliminary data show that serum levels of FAPα (ng/
mL) significantly increase in the GHD patients after GH treatment 
[135.6 (111.6-163.8) vs 168.5 (107.3-233.9), P<0.05], and FAPα 
activity (RFU/min) in serum likewise increase after GH treatment 
[719.0 (467.3-1104.2) vs 1277.8 (668.9-1609.4), P<0.05], [median 
(IQR)]. Total FGF21 remain unchanged after GH treatment. In the 
control group, FAPα concentration and activity as well as total FGF21 
remain unchanged over a corresponding time period. This study is 
ongoing and data on intact FGF21 and biomarkers of collagen turno-
ver are pending at time of abstract submission. Furthermore, we have 
obtained serum samples from 14 patients with acromegaly before 
and after treatment, which will be analyzed for the same parameters.
Conclusion: Circulating FAPα concentration and activity increase in 
response to GH treatment in patients with adult-onset GHD, whereas 
total FGF21 does not change in response to GH treatment. This study 
is ongoing and more data are pending.
Disclosure: A. Bæk: None.

509
Effects of glucose and insulin in the modulation of expression and 
secretion of human sex hormone binding globulin in HepG2 cells
V.A. Genchi, A. Cignarelli, C. Lauriola, S. Perrini, A. Natalicchio, 
L. Laviola, F. Giorgino;
Department of Precision and Regenerative Medicine and Ionian Area, 
University of Bari Aldo Moro, Bari, Italy.

Background and aims: Sex hormone binding globulin (SHBG) is 
produced and secreted by the liver into the bloodstream where it 
binds sex steroids and regulates their bioavailability. Several hor-
monal factors regulate SHBG expression through the control of the 
activity of hepatocyte nuclear factor-4 alpha (HNF4α), the key tran-
scriptional factor of SHBG. Reduced circulating level of SHBG are 
associated with higher risk of diabetes. Conversely, overexpression 
of SHBG in a mouse model favours a metabolic improvement in 
terms of body weight and glucose tolerance. Hyperinsulinemia and 
insulin resistance are associated with decreased circulating levels of 
SHBG. However, the role of glucose and insulin in regulating hepatic 
SHBG expression and secretion is still controversial. The aim of this 
study has been to investigate the effects of different concentrations of 
glucose in the absence or presence of human insulin (HI) on SHBG 
synthesis and insulin signalling in HepG2 cell line.
Materials and methods: HepG2 cells were exposed to different 
concentrations of glucose with or without 100 nM HI for 48 and 96 
h. Protein expression of SHBG and insulin receptor (IRβ), and Akt 
phosphorylation (p-AktS473) were assessed by immunoblotting. The 
phosphorylation of IRβ (p-IRβTyr1150/1151) and p-AktS473 were evaluated 
after acute stimulation with HI. SHBG secreted in cell supernatants 
was determined by ELISA. The localization of SHBG and its related 
transcription factor HNF4α was assessed by immunofluorescence (IF).
Results: HepG2 exposed for 48 and 96 h with high glucose (30 mM) 
showed a 2-fold increase of IRβ protein expression as compared to normal 
glucose (5.5 mM). Conversely, the exposure of cells to HI in the presence 
of high glucose for 48 and 96 h resulted in a 3-fold reduction of IRβ as 
compared to the same condition without HI. After an acute HI stimula-
tion, a marked decrease of p-IRβTyr1150/1151 (-3-fold) and p-AktS473 (-5-
fold) was observed in cells co-treated with high glucose and HI for 96 h as 
compared to the same condition without HI, indicating a state of cellular 
insulin resistance. The protein expression of SHBG increased in the pres-
ence of glucose in a dose-dependent manner; however, exposure of cells to 
both HI and high glucose for 48 and 96 hours induced a time-dependent 

down-regulation of SHBG compared to high glucose only up to 2-fold. 
While no significant variations of secreted SHBG assessed by ELISA 
were observed after incubation of increasing concentrations of glucose 
for 48 and 96 h, a reduction in SHBG secretion by approximately 2-fold 
was observed when the cells were exposed to both high glucose and HI. 
IF analysis also revealed that the nuclear localization of HNF4α increased 
consistently when shifting from normal to high glucose but was mostly 
reduced in the presence of HI in a time-dependent manner.
Conclusion: High glucose concentrations induce the protein expres-
sion of IRβ and SHBG and the increased nuclear localization of 
HNF4α. However, in presence of insulin resistance, a reduction in 
SHBG expression and secretion together with a lower nuclear locali-
zation of HNF4α occurs in liver cells. Therefore, hyperinsulinemia-
induced insulin resistance could directly compromise the synthesis 
of SHBG by liver cells, leading to further deterioration of metabolic 
responses.
Disclosure: V.A. Genchi: None.
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Delayed attainment of recommended glycaemic metrics in target 
in women with type 1 diabetes delivering large for gestational 
age infants
J.C. Søholm1,2, S.K. Nørgaard1,2, N.C.  Do1, K. Nørgaard3, T.D. 
 Clausen1,4, P.  Damm1,4, E.R.  Mathiesen1,2, L.  Ringholm1,2;
1Center for Pregnant Women With Diabetes, Rigshospitalet, Køben-
havn Ø, Denmark, 2Department of Endocrinology and Metabolism, 
Rigshospitalet, København Ø, Denmark, 3Steno Diabetes Center, Her-
lev, Denmark, 4Deparment of Obstetrics, Rigshospitalet, København 
Ø, Denmark.

Background and aims: The aim was to assess the attainment of 
recommended glycaemic metrics derived from intermittently scanned 
continuous glucose monitoring (isCGM) in pregnant women with 
type 1 diabetes (T1D) who delivered large for gestational age (LGA) 
or non-LGA infants.
Materials and methods: A secondary analysis of the CopenFast cohort 
involving 113 pregnant women with T1D who used isCGM. Three mil-
lion isCGM measurements were evaluated from conception and through-
out pregnancy on daily basis. The glycaemic metrics were compared 
between women giving birth to LGA infants vs. non-LGA infants.
Results: In total, 52% (n=59) delivered LGA infants vs. 48% (n=54) 
non-LGA infants. Mean isCGM glucose fell gradually from conception 
and throughout pregnancy in both groups. At 10 weeks mean isCGM 
glucose was higher in the LGA group compared to the non-LGA group 
(7.1 ± 2.3 vs. 6.6 ± 2.6 mmol/l, p=0.03) and mean isCGM glucose 
remained numerically higher in the LGA group thereafter. Time in 
range in pregnancy (TIRp 3.5-7.8 mmol/l) increased during pregnancy 
in both groups. Women delivering LGA infants obtained average TIRp 
>70% of readings from 29 weeks vs. 18 weeks in the non-LGA group. 
Average time above range in pregnancy (>7.8 mmol/l) <25% of read-
ings was obtained from 30 weeks vs. 19 weeks, respectively. Time 
below range in pregnancy (<3.5 mmol/l) remained stable around 5% 
of readings throughout pregnancy in both groups. Pre-pregnancy BMI 
and gestational weight gain were similar in both groups.
Conclusion: Women with type 1 diabetes delivering LGA infants had 
higher mean isCGM glucose and delayed attainment of average TIRp 
>70% by 11 weeks compared to the remaining women.
Supported by: Novo Nordisk A/S
Disclosure: J.C. Søholm: Grants; Novo Nordisk A/S.

511
Pregnancy planning and time in range are essential for pregnancy 
outcomes in type 1 diabetes
A. Juza1,2, L. Kołodziej-Spirodek2, M. Dąbrowski1;
1University of Rzeszow, Rzeszow, Poland, 2University Clinical Hos-
pital, Rzeszow, Poland.

Background and aims: Despite continuous progress in care of 
pregnant women with type 1 diabetes (T1DM), pregnancy in such 
patients is still associated with an increased number of perinatal 
complications affecting both fetus and mother, compared to gen-
eral pregnant population. The Great Orchestra of Christmas Charity 
(WOŚP) program enables use of insulin pumps (CSII) enhanced by 
hypo-stop function with continuous glucose monitoring (CGM) at 
the stage of procreation and pregnancy in T1DM patients, which 
improves quality of treatment and pregnancy outcomes. The aim of 
this retrospective study was to analyze factors related to pregnancy 
outcomes in patients qualified for the WOŚP program.

Materials and methods: T1DM patients (N=54), aged 22-37, initiat-
ing CSII + rtCGM system at the stage of planning/early pregnancy 
or later in case of unplanned pregnancy were qualified for the study. 
We analyzed occurrence of preterm birth, neonatal growth related to 
gestational age, glycemic control, insulin requirements and maternal 
weight gain.
Results: Mean age of pregnant women was 29.9±3.9 years, duration 
of T1DM 14.4±6.7 years. Only 22 women (40.7%) planned preg-
nancy and half of them used CSII + rtCGM before pregnancy, while 
the rest in its first weeks after confirming pregnancy. 48 pregnancies 
(88.9%) were delivered by cesarean section. All patients achieved 
significant improvement in metabolic control, mean  HbA1c decreased 
from 7.41±1.18% before pregnancy to 6.01±0.74% in the third tri-
mester and mean TIR increased from 60.7±15.9% to 68.3±14.4%, 
P<0.001 in both cases. Women who planned pregnancy achieved 
better glycemic control before and throughout entire pregnancy and 
delivered their babies later and more often they gave birth naturally. 
They had also shorter duration of diabetes (Table). 15 patients deliv-
ered large for gestational age (LGA) babies. Women who delivered 
LGA babies had worse metabolic control,  HbA1c in II and III trimes-
ter 6.28±0.76% vs. 5.89±0.56% and 6.36±0.82% vs. 5.86±0.66%, 
P=0.044 and P=0.024 respectively. They had also worse TIR and 
TAR after initiation of pump therapy 53.4±13.1% vs. 64.4±13.5% 
and 43.8±13.6% vs. 29.8±14.6%, P=0.006 and P=0.003 respec-
tively, and in the last visit in clinic before delivery, 61.4±14.5% vs. 
73.0±10.9% and 36.4±15.8% vs. 23.1±11.2%, P=0.004 and P=0.009 
respectively. Women in whom daily insulin dose increased ≥ 0.30 
IU/kg during pregnancy had a greater weight gain (14.3±3.8 vs. 
11.7±5.1 kg, P<0.042), and 7 out of 8 cases of birthweight >4000 g 
occurred in this group (P=0.019).
Conclusion: Women with T1DM planning pregnancy achieved bet-
ter glycemic control before conception and throughout pregnancy, 
which translated into better obstetric outcomes. Increase in the daily 
dose of insulin was closely correlated with mothers’ weight gain and 
newborns’ birth weight. Therefore, diet should be closely monitored 
to avoid excessive escalation of insulin dose and excessive weight 
gain during pregnancy.
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Disclosure: A. Juza: Lecture/other fees; Novo Nordisk, Eli Lilly, 
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512
Associations of continuous glucose monitoring metrics and 
antepartum glucose with the risk of neonatal hypoglycaemia in 
women with type 1 diabetes
X. Li1, Y.  Gong1, P.  Ling2, C.  Wang2, J.  Yan2, S.  Luo1, X.  Zheng1, 
D.  Yang2;
1Department of Endocrinology, Institute of Endocrine and Metabolic 
Diseases, the First Affiliated Hospital of USTC, Division of Life Sci-
ences and Medicine, University of Science and Technology of China, 
Hefei, China, 2Department of Endocrinology and Metabolism, The 
Third Affiliated Hospital of Sun Yat-sen University, Guangdong Pro-
vincial Key Laboratory of Diabetology, Guangzhou, China.

Background and aims: Neonatal hypoglycemia is a common com-
plication in infants born to women with type 1 diabetes mellitus 
(T1DM). We aimed to investigate the association between continuous 
glucose monitoring systems (CGMS) metrics and antepartum glucose 
with the risk of neonatal hypoglycemia in women with T1DM.
Materials and methods: The study included 133 pregnant women 
with T1DM from 11 hospitals in China. A total of 73 women who used 
CGMS were included in the current analysis. Neonatal capillary blood 
glucose < 2.2mmol/L was defined as neonatal hypoglycemia. CGMS 
metrics and antepartum 48h, 24h, 12h, 8h, and 2 hours blood glu-
cose were collected and compared between groups with and without 
neonatal hypoglycemia. The association between antepartum 2 hours 

blood glucose and neonatal hypoglycemia was analyzed in multivari-
ate adjusted regression models.
Results: Increased time above a target range of 13.9 mmol/L [0.81 
(0, 4.36)%], mean blood glucose (6.91±0.71 mmol/L), mean ampli-
tude of glucose excursions (MAGE, 6.42±3.24 mmol/L) in the first 
trimester, and higher antepartum 2 hours blood glucose (7.75±2.22 
mmol/L) were associated with a higher risk of neonatal hypoglyce-
mia. Logistic regression analysis showed that higher antepartum 2 
hours blood glucose increased the risks of neonatal hypoglycemia 
(adjusted OR=2.23, 95% CI: 1.09-4.54, P<0.05).
Conclusion: Increased time above a target range, mean blood glu-
cose, and MAGE in the first trimester and antepartum 2 hours blood 
glucose were associated with a higher risk of neonatal hypoglycemia 
in pregnant women with type 1 diabetes. Antepartum 2 hours blood 
glucose significantly predicted the risk of neonatal hypoglycemia.
Clinical Trial Registration Number: ChiCTR1900025955
Supported by: NSFC(82100822), NSF of Anhui province(2008085MH248; 
2008085MH278), Guangdong Basic and Applied Basic Research 
Foundation(2019A1515010979)
Disclosure: X. Li: None.

513
Impact of gestational weight gain on maternal-fetal comorbidities 
in type 1 diabetic pregnancies by trimester
M. Lemaitre1,2, V.  Laurent1, C.  Ternynck3, J.  Bourry1, F.  Baudoux1, 
D.  Subtil4, A.  Vambergue1,5;
1CHU Lille, Department of Diabetology, Endocrinology, Metabo-
lism and Nutrition, Lille University Hosp, CHRU Lille, Lille, France, 
2University of Medicine, University of Medicine, Lille, France, 3Univ. 
Lille, CHU Lille, ULR 2694 - METRICS, CHRU Lille, Lille, France, 
4CHU Lille, Department of Gynecology and Obstetrics, Lille Uni-
versity Hospital, CHRU Lille, Lille, France, 5European Genomic 
Institute for Diabetes, University School of Medicine, Lille, France.

Background and aims: Type 1 diabetic pregnancies (T1D) some-
times develop in a context of overweight/obesity. We have previously 
shown that excessive gestational weight gain (GWG) is associated 
with certain maternal-fetal risks such as LGA. However, the impact of 
GWG according to trimester is not known. Our objective was to inves-
tigate the associations between GWG and maternal-infant adverse 
outcomes in a french cohort of TD1 according to the trimester.
Materials and methods: 764 women with T1D who delivered single-
ton infant at University Medical Center (1997-2021) were included 
in this observational study. GWG were defined (low; adequate or 
high) according to the 2009 Institute of Medicine guidelines: GWG 
-1 (below), GWG0 (within range), GWG+1 (above). We studied the 
following outcomes: maternal composite criterion (CCm: at least the 
presence of one among the appearance or aggravation of retinopa-
thy, proteinuria, gravidic hypertension, pre-eclampsia, post-partum 
hemorrhage or ketoacidosis decompensation), fetal composite crite-
rion (CCf: at least the presence of one among prematurity, shoulder 
dystocia, severe malformations, respiratory distress or neonatal ICU 
admission) and LGA. Results are expressed as odds ratios and 95% 
CIs, with adjustment for HbA1c, year of delivery, and insulin therapy 
subtype (multi-injection or subcutaneous pump).
Results: The mean age was 29.4 ± 4.9 years, with a mean pregesta-
tional BMI of 24.85 ± 4.82 kg/m2 and a duration of diabetes of 14 
years (8; 20), of which 70.4% were free of vascular complications 
of diabetes. The median pre-pregnancy HbA1c value was 7.15% 
(6.60; 8). The median term was 38 week’s of gestation (37; 38.4), 
with a mean birth weight of 3507 ± 678 g. CCm and CCf were 
found in 52.3% and 68.6% of pregnancies, respectively, and LGA 
in 52.5%. GWG-1, GWG0, and GWG+1 involved 18.4%, 31.4%, 
and 50.2% of pregnancies, respectively. In the first trimester, no 
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association between GWG categories and complications was sig-
nificant. In the second trimester (T2), GWG+1 was associated with 
LGA [1.48 (CI95% 0.99;2.22)]; p=0.05 and GWG-1 was associated 
with pre-eclampsia [0.42 (CI95% 0.17;1.01)]; p=0.05. In the third 
trimester (T3), GWG+1 was associated with gestational hyperten-
sion [2.35 (CI95% 1.31;4.24)]; p=0.05, and pre-eclampsia [2.12 
(CI95% 1.01;4.47)]; p=0.05, whereas GWG-1 was associated with 
prematurity [1.73 (CI95% 1.05;2.87)]; p=0.03.
Conclusion: The impact of GWG on maternal-fetal complications 
differs according to trimester of pregnancy, independent of HbA1c, 
year of delivery, or type of treatment. More specifically, GWG+1 is 
associated with the development of LGA at T2 and with gestational 
hypertension and pre-eclampsia at T3. In contrast, GW-1 is associ-
ated with prematurity at T3. These results confirm the importance of 
weight management during these T1D pregnancies.
Disclosure: M. Lemaitre: None.

514
New clinical score to predict neonatal hypoglycaemia in women 
with gestational diabetes
B. Silva1, C.  Pereira1, C. Cidade-Rodrigues1, C.  Chaves1, A. Araújo1, 
A.  Melo2, V.  Gomes1, C.  Machado1, A.  Saavedra1, O.  Figueiredo2, 
M.  Martinho1, M. Céu  Almeida3, A.  Morgado2, M.  Almeida1, F. M 
 Cunha1;
1Endocrinology, Centro Hospitalar Tâmega e Sousa, Penafiel, Por-
tugal, 2Obstetrics-Gynecology, Centro Hospitalar Tâmega e Sousa, 
Penafiel, Portugal, 3Obstetrics-Gynecology, Centro Hospitalar Uni-
versitário de Coimbra, Coimbra, Portugal.

Background and aims: Gestational diabetes mellitus (GDM) is a 
known risk factor for neonatal hypoglycaemia (NNH). Women with 
macrosomic foetus, those treated with insulin or with preterm labour 
are also at increased risk. We aimed to create a clinical score to pre-
dict NNH in women with GDM.
Materials and methods: Retrospective study of women with GDM 
with a live singleton birth between 2012 and 2017 included in the 
Portuguese GDM registry. We excluded women without data on 
NNH, body mass index (BMI), preeclampsia, gestational age at 
birth, new-born sex and weight, treatment approach or HbA1c. 
Women with and without NNH in the new-born were compared. 
We built a multivariate logistic regression analysis including all 
variables with different distribution between groups to study the 
predictors of NNH. Variables with independent association with 
NNH were used to score derivation. The performance of the model 
was evaluated. The prevalence of NNH in the new-born was calcu-
lated in each score interval (0-1, 2-3, 4-5, and ≥6). The association 
between the score (both as a continuous and as a dummy-coded 
variable with 0-1 as the reference category) with NNH in the new-
born was accessed using a logistic regression analysis.
Results: A total of 10216 women were studied, 410 (4.0%) with a 
history of NNH. Women with new-born with NNH more often had 
chronic arterial hypertension, and family history of type 2 diabetes 
mellitus. They needed insulin treatment more frequently and more 
often had a history of preeclampsia, and preterm and caesarean deliv-
eries. New-borns with NNH were more often male and small or large 
for gestational age (SGA and LGA, respectively). In the multivariate 
logistic regression analysis, insulin treatment, preeclampsia, preterm 
delivery, male sex and SGA and LGA were independently associated 
with NNH. Hosmer-Lemeshow test p=0.58. Points were assigned 
according to the model’s regression coefficient: insulin therapy 1 
point, pre-eclampsia 3 points, preterm delivery 2 points, male gender 
1 point, and SGA 2 points or LGA 3 points. The median score value 
was 1.0 (1.0-2.0). The prevalence of NNH in patients with a score 
0-1, 2-3, 4-5, and ≥6 was 2.8%, 5.0%, 7.6%, and 16.2%, respectively. 

Per each score point the OR for NNH was 1.35 (95% IC: 1.27-1.42). 
Compared to women with a score ≤1, those with a score of 2-3, 4-5, 
and ≥6 had a OR of 1.85 (1.45-2.31), 2.89 (2.14-3.91), and 6.84 
(4.34-1.78), respectively.
Conclusion: Women with GDM with higher proposed score value 
had a higher risk of NNH. Women with a score 2-3, 4-5, and ≥6 had 
an almost 2-fold, 3-fold, and 7-fold higher risk of NNH compared to 
those with score 0-1.
Disclosure: B. Silva: None.
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Insulin reverts macrosomia in a mouse model of gestational 
diabetes
L. Hernandez-Baraza1, I. Alemán-Cabrera1, C. Valverde-Tercedor1, 
A.M. Wägner1,2, L. Fernández-Pérez1, B.  Guerra1, Y. Brito-Casillas1;
1Instituto Universitario de Investigaciones Biomédicas y Sanitarias 
(iUIBS), Las Palmas de Gran Canaria, Spain, 2Complejo Hospital-
ario Universitario Insular Materno Infantil (CHUIMI), Las Palmas 
de Gran Canaria, Spain.

Background and aims: SOCS2 (Suppressor of Cytokine Signaling 
2) protein modulates cytokine-mediated metabolism of lipids, car-
bohydrates and growth. SOCS2 ablation in mice (Socs2-/-) generates 
gigantism, insulin-resistance and spontaneous gestational diabetes 
(GDM) with macrosomia. As both conditions in Socs2-/- show high 
maternal (88%) and neonatal mortality rates, we aimed to evaluate 
the effect of insulin treatment on macrosomia.
Materials and methods: Fasting glycemia was measured (Glucomen 
Aero, Menarini) at every gestational third (7, 14 and 18 days (d)) 
in 8 Socs2-/- and 8 C57BI/6J control pregnant females (age: 210 ± 
11 days). In addition, 8 Socs2-/- mothers received insulin (Socs2-/--
ins) (0.5 U/kg, Glargine) from day 10 once daily, during pregnancy. 
All females were followed and offspring, if born, were evaluated for 
macrosomia (39 Socs2-/- postmortem-neonates, vs 41 C57-neonates vs 
44-neonates from Socs2-/--ins). Macrosomia was previously defined as 
> 1.43 g birth weight. Besides, glucose metabolism was characterised 
in the offspring of Socs2-/--ins at 90 days, following an oral glucose 
tolerance test (OGTT) (2 g glucose/kg) and an intra-peritoneal insulin 
tolerance test (ITT) (0.5 U/Kg). Results were compared with previ-
ously obtained data from C57 and Socs2-/- females. Mann-Whitney’s 
U, Student’s and  Chi2 test were used for comparisons.
Results: Fasting glycemia during pregnancy tends to be higher 
in Socs2-/- (7d: 146 ± 17.6 ; 14d: 138.5 [131,5-145,5]; 18d: 114.8 
± 21.4mg/dL) than in C57 (7d: 133.9 ± 29.0; 14d: 113.6 ± 26.5; 
18d: 109 [98-120] mg/dL) (p = 0.059). During treatment, mean 
glycemia of Socs2-/--ins was 135.6 ± 9.7 mg/dL. Neonates from 
Socs2-/- were heavier than neonates from Socs2-/--ins and C57 (1.5 
± 0.03 vs 1.2 ± 0.2 vs 1.3 ± 0.1 g, respectively) (p < 0.01) and 
the prevalence of macrosomia was higher too (61.1 % vs 2.8 % vs 
2.4%, respectively) (p < 0.01). We previously described mild glu-
cose intolerance in 90d Socs2-/- females compared to C57. At 90d 
Socs2-/--ins female offspring show a clear worsening of this impair-
ment, with higher glucose values for each timepoint, glucose peak 
and AUC, compared to C57, but also to Socs2-/- (peak (mg/dL): 332 
± 33.1 vs 260.7 ± 27.8 vs 286.7 ± 33.5, respectively); AUC (a.u.): 
265.1 ± 15.7 vs 201 ± 20.7 vs 223.81 [212,8-234,8], respectively) 
(p < 0.05). Further, insulin resistance was also observed following 
ITT, shown by higher AUC and 15 minutes glucose compared to 
C57 and Socs2-/- (AUC (a.u.): 112.8 ± 25.5 vs 89.7 ± 14.8 vs 85.7 
± 6.1, respectively; 15 min. glucose (mg/dL): 73 [31-115] vs 57.4 
± 7.6 vs 56.8 ± 6.2, respectively) (p < 0.05).
Conclusion: Socs2-/- females develop gestational hyperglycemia com-
pared to C57 controls. Insulin administration during pregnancy in 
Socs2-/- normalizes birth weight. However, the offspring of the treated 



S262 Diabetologia (2023) 66 (Suppl 1):S1–S536

1 3

females show enhanced hyperglycemia and insulin resistance, com-
pared to controls and untreated Socs2-/-. The relationship of hypergly-
cemia with SOCS2 mechanisms in the development of GDM, the role 
of insulin treatment in the resolution of macrosomia but worsening 
glucose intolerance in the offspring, generates a paradox that needs 
to be further explored.
Supported by: ULPGC Predoctoral Contract (PIF2021-2022 
ING-ARQ-2)
Disclosure: L. Hernandez-Baraza: None.
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Association between HbA1c levels and materno-foetal complica-
tions in type 2 diabetes
A. Vambergue1, E.  Petit1, M.  Lemaitre1, C.  Ternynck2, F.  Baudoux1, 
E.  Drumetz2, D.  Subtil3;
1CHU Lille, Department of Diabetology, Endocrinology, Metabolism 
and, Nutrition, Lille, France, 2CHU Lille, Department of Biostatistics, 
Lille, France, 3CHU Lille, Department of Obstetrics, Lille, France.

Background and aims: Despite optimisation of the management of 
pregnancy in subjects with type 2 diabetes (T2D), an increased risk 
of materno-fetal complications remains, which is at least as great as 
that seen in type 1 diabetes. Our aim was to examine the relationship 
between HbA1c levels in the 1st and 3rd trimesters of pregnancy (T1 
and T3) and materno-fetal complications.
Materials and methods: A monocentric observational study 
was undertaken, including T2D patients who gave birth to a child 
between 1997 and 2021. Data on the appearance of complications 
was collected, including: macrosomia defined by birth weight 
≥90th percentile according to AUDIPOG (large for gestational 
age [LGA]), prematurity, congenital malformations, and transfer 
to neonatal intensive care unit (NICU). The association of these 
complications with HbA1c levels in T1 and T3 was examined. Sub-
group analysis was carried out as a function of glycemic imbal-
ance (according to HbA1c levels) to examine its association with 
complications.
Results: 583 pregnancies out of 689 involved women with T2D. 
Women were 33.9 ± 5.4 years old and had a BMI of 34.9 ± ±7.1 kg/
m2. The duration of diabetes was on average about 2 years (0; 5). 
HbA1c was 6.3±0.9 % in the first trimester, to 5.9 ± 0.8 % in the 2nd 
trimester and 5.9 ± 0.7 % (5.9; 6.9) in the 3rd trimester. HbA1c level 
in T1 was associated with prematurity (OR 1.39; 95% CI 1.11 - 1.75; 
p=0.004), and with NICU (OR 1.33; 95% CI 1.75 - 2.29; p<0.001). 
HbA1c level in T3 was associated with LGA (OR 2.67; 95% CI 1.75 
- 4.07; p<0.001). Sub-group analysis showed, that in the case of early 
(T1) imbalance, for each increase in HbA1c of 0.1%, the risk of prema-
turity (OR 1.39; 95% CI 1.11 - 1.75; p=0.004) and admission to NICU 
(OR 1.75; 95% CI 1.33 - 2.29; p<0.001) were increased. In the case of 
late imbalance (T3), the risk of LGA was increased (OR 2.67; 95% CI 
1.75 - 4.07; p<0.001).
Conclusion: This study confirms that HbA1c is associated with 
materno-fetal complications in T2D. In the case of early glycemic 
imbalance, elevation of HbA1c in T1 is associated with an increased 
risk of transfer to NICU and of prematurity, even when the glycemic 
imbalance is corrected in T3. In the case of late glycemic imbalance, 
HbA1c elevation is associated with an increased risk of LGA.
Disclosure: A. Vambergue: None.
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Association between TGFβ1 levels in cord blood and weight pro-
gress in the first year of life
N. Kabbani1, M. Blüher2, T.  Ebert2, H.  Stepan1, J.  Breitfeld3, 
R.  Baber4, M.  Vogel5, W.  Kiess5, U. Lössner2, A. Tönjes2, S. 
Schrey-Petersen1;
1Department of Obstetrics, Universitätsklinikum Leipzig, Leipzig, 
Germany, 2Department of Endocrinology, Universitätsklinikum Leip-
zig, Leipzig, Germany, 3IFB Adipositas, Universitätsklinikum Leipzig, 
Leipzig, Germany, 4Department of Laboratory Medicine and Clinical 
Chemistry, Universitätsklinikum Leipzig, Leipzig, Germany, 5Depart-
ment of Pediatrics, Universitätsklinikum Leipzig, Leipzig, Germany.

Background and aims: Adipokines are a vast group of signaling pro-
teins secreted primarily from adipose tissue. Their likely role in fetal 
programming raises interest in their function during metabolic processes 
throughout pregnancy, particularly during pathological states. Unclear 
remains whether these adipokines are of maternal or fetal origin. We 
examined the levels of several adipokines in healthy maternal and fetal 
serum probes, in the interest of establishing standard values of adi-
pokines during normal pregnancy. Furthermore, we sought to clarify 
the correlation of adipokine levels with associated parameters of intra-
uterine growth and child growth during the first year of life, and to 
determine whether their source is primarily of fetal or maternal origin.
Materials and methods: We investigated the levels of 11 adipokines in 
maternal serum at 36 weeks gestation and umbilical cord serum at birth 
in 79 healthy mother-child pairs. All serum probes were obtained from 
the LIFE Child/Pregnancy study, a large cohort study and biobank based 
in Leipzig with the purpose of investigating civilization diseases. Meas-
urements were conducted using enzyme-linked immunosorbent assays. 
Moreover, we explored the correlation of both maternal and child adi-
pokine levels with parameters of child growth measured at U-checkups 
during the first year of life (U1 at birth and U6 at 10-12 months of age). 
Statistical analysis was performed using GraphPad Prism and R-Studio. 
Maternal and cord serum levels were compared using Mann-Whitney 
U-test, and linear regression analyses were performed to investigate the 
relationship between adipokine levels and parameters of growth.
Results: Chemerin, FABP4, adiponectin (p<0.0001) and TGFβ1 
(p=0.0015) levels were significantly increased in cord serum when com-
pared with levels found in maternal serum. In contrast, leptin, RBP4, NRG4 
and progranulin were significantly increased in maternal serum (p<0.0001). 
While cord TGFβ1 did not significantly correlate with birthweight, linear 
regression analyses revealed a strong positive correlation between cord 
TGFβ1 levels at birth and child weight (p=0.0003) as well as child weight 
SDS (p=0.03) at U6. Furthermore, cord TGFβ1 was significantly correlated 
with child weight gain from birth until ca. age one (p=0.0015). After adjust-
ment for birthweight, this correlation remained significant. An increase of 
10000 pg/ml in TGFβ1 levels in cord blood at birth was associated with a 
weight increase of 203.42 g at U6.
Conclusion: Circulating cord chemerin, FABP4, adiponectin and TGFβ1 
appear to be of fetal origin. TGFβ1 levels in cord blood at birth are 
significantly correlated with child weight measured roughly at age one 
as well as weight gain in the first year of life. An increase of 10000 pg/
ml in cord TGFβ1 levels correlated with an increase of child weight 
measured at U6 of 203.42g. This correlation was independent of birth-
weight. To our knowledge, no study thus far has demonstrated the direct 
correlation of a novel adipokine in cord blood at birth with child weight 
at one year of age.
Disclosure: N. Kabbani: None.
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mHealth-apps reduce the risks of neonatal complications in moth-
ers with gestational diabetes significantly: a meta-analysis
C. Eberle, C.-M. Grollmann;
Fulda University of Applied Sciences, Fulda, Germany.

Background and aims: Gestational diabetes mellitus (GDM) is 
the most common form of Hyperglycaemia in Pregnancy (HIP) 
and accounts for 75 % to 90 % of all cases, worldwide. However, 
HIP is clearly connected to adverse outcomes both for the mother’s 
and child’s health, from perinatal state to adulthood. A further 
important maternal risk factor being discussed within this context 
is maternal gestational weight gain (GWG), which is also often 
hard to address within the management of GDM. Well, within 
the last years we were all facing the digital transformation. A 
very promising sector is the application of mHealth apps. Since 
we have recently shown the potential of mHealth apps within the 
management of GDM, we focus now on the clinical effectiveness 
of mHealth apps on maternal GWG and neonatal complications 
within the management of women with GDM.
Materials and methods: Empirical analyses were performed by 
investigating clinical studies in relevant databases. Of n = 771 patient 
data we analyzed m = 4 randomized controlled trials (RCTs) divided 
into an intervention group (IG; GDM diagnosed and using mHealth 
apps during pregnancy) and a control group (CG; GDM diagnosed). 
Subsequently, we analyzed the clinical effectiveness on mHealth-apps 
targeting maternal parameter, such as GWG as well as neonatal com-
posite complications (CNC) overall. Moreover, a meta-analysis on 
“composite neonatal complications (CNC)” was performed (Fig. 1).
Results: The results of the meta-analysis (Fig. 1) showed a signifi-
cant overall effect (p = 0.003, OR = 0.55, 95 %-CI = 0.37 - 0.82, I2 
= 0 %) of mHealth apps on the prevalence of CNC favoring the IG, 
clearly. Therefore, the children of mothers using a mHealth app for 
management of GDM had significantly less CNC than those of the 
CG. GWG was analyzed by n = 3 studies, of which one RCT found 
a significantly lower GWG (IG = 3.2 ± 0.8 kg vs. CG = 4.8 ± 0.7 
kg, p < 0.001) in the IG compared to the CC after trials beginning. 
Two RCTs did not register significant differences (IG = 1,23 ± 0,96 
kg/week vs. CG = 1,19 ± 1,20 kg/week, p = 0.77; IG = 9,03 ± 4,49 
kg vs. CG = 8,44 ± 3,88 kg, p = 0.207), with a slightly higher GWG 
in the IG.
Conclusion: Overall, mHealth apps showed a significant effect on 
both the reduction of CNC in the children of mothers and on GWG 
of the mothers with GDM per se. Since GWG is often hard to address 
within the management of GDM it is a crucial risk factor for several 
comorbidities in pregnancy for mothers and their children. Moreover, 
CNC are also hard to address within this context and may have life-
long consequences for the children. All the more important to show 
that mHealth apps may be a potential player within the management 
of GDM targeting GWG of the mothers as well as CNC of children 
of mothers with GDM. However, there is a definite need for more 
studies addressing the clinical effectiveness of mHealth apps within 
the management of GDM and their children.

Supported by: Deutsche Forschungsgemeinschaft (DFG)
Disclosure: C. Eberle: None.
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Glucagon and insulin resistance in Chinese women with gesta-
tional diabetes
C. Chen1, D.  Zhang2, T.  Wu3, H.  Zhang2;
1Institute of Life Sciences, Chongqing Medical University, Chong-
qing, China, 2Department of Obstetrics and Gynecology, The First 
Affiliated Hospital of Chongqing Medical University, Chongqing, 
China, 3Medical School, The University of Adelaide, Adelaide, 
Australia.

Background and aims: Glucagon signaling is critical to glucose, lipid 
and amino acid (AA) metabolism, but its role in gestational diabetes 
mellitus (GDM) - currently thought to be driven mainly by insulin 
resistance - is unknown. In this study, we compared both insulin and 
glucagon sensitivity in Chinese pregnant women with and without 
GDM, and examined their associations with blood glucose, lipids and 
AAs.
Materials and methods: 81 women with GDM, and 81 pregnant 
women without GDM matched for age and BMI, were evaluated with 
75g OGTT at gestational weeks 24-28. Serum and plasma samples 
were obtained before and at 1 and 2 hours after OGTT for measure-
ments of glucose, lipid, AA, insulin and glucagon levels. Insulin and 
glucagon sensitivity were assessed by the HOMA-IR and glucagon-
alanine index (fasting plasma glucagon × fasting plasma alanine), 
respectively. Differences between the two groups were compared 
using either Students’ t-test or Mann-Whitney test as appropriate. The 
receiver operating characteristic curves (ROC) were used to evalu-
ate the performance of insulin and/or glucagon sensitivity index for 
prediction of GDM. Cut-off values, reflective of insulin and glucagon 
resistance, were also calculated to stratify GDM subjects. Pearson or 
Spearman correlation was used to examine the relationships between 
variables.
Results: Plasma glucose concentrations (both fasting and 1 and 2 
hours post-OGTT) and HOMA-IR were predictably higher in the 
GDM subjects (P<0.0001 each). Fasting triglycerides was also higher 
(P<0.0001), while HDL-C and LDL-C lower (P<0.05 each), in GDM 
subjects. Although fasting total AA levels did not differ between the 
two groups, fasting glucagon, alanine and consequently the gluca-
gon-alanine index were higher in GDM subjects (P<0.001). The area 
under the curve (AUC) of the ROC was 0.83 for HOMA-IR, 0.75 for 
glucagon-alanine index, and 0.88 for combining HOMA-IR and the 
glucagon-alanine index, in predicting GDM (Figure 1). Based on the 
calculated cut-off values, the GDM subjects consisted 2% with low 
HOMA-IR and low glucagon-alanine index, 20% with high HOMA-
IR but low glucagon-alanine index, 14% with low HOMA-IR but 
high glucagon-alanine index, and 64% with high HOMA-IR and high 
glucagon-alanine index. Among the 162 subjects, plasma total AA 
and serum LDL-C correlated more strongly with the glucagon-alanine 
index than with HOMA-IR. Accordingly, there was a positive, but 
weak, correlation between HOMA-IR and the glucagon-alanine index 
(r=0.21, P<0.01).
Conclusion: Our observations indicate that impairment in glucagon 
sensitivity represents a key defect, either alone or in concert with 
insulin resistance, driving disrupted glucose, lipid and AA metabo-
lism in Chinese women with GDM.
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Postpartum development of non-alcoholic fatty liver disease in a 
lean mouse model of gestational diabetes
K. Hribar1, D.  Eichhorn2, N.J.  Kloosterhuis1, J.K.  Kruit1, M.H. 
 Oosterveer1, E.M. van der  Beek1,3;
1Department of Pediatrics, University Medical Center Groningen, 
Groningen, Netherlands, 2The Central Animal Facility, Univer-
sity Medical Center Groningen, Groningen, Netherlands, 3Nestlé 
Institute of Health Sciences, Swiss Federal Institute of Technology 
Lausanne, Switzerland.

Background and aims: Human studies indicate that gestational dia-
betes mellitus (GDM) is associated with an increased risk for non-
alcoholic fatty liver disease (NAFLD) development in mothers. As 
NAFLD predisposes to the development of advanced liver disease, a 
better understanding of the course and mechanisms underlying NAFLD 
development in GDM mothers and offspring is warranted. In this pre-
clinical study, we evaluated the development of NAFLD postpartum 
in a mouse model for lean GDM.
Materials and methods: Lean GDM was induced by short-term 
high-fat diet (HF) and low-dose streptozotocin (STZ) injections 
before mating in female C57BL/6N mice. Control dams received 
high-fat (HF) or low-fat (LF) diets only. Livers from GDM dams 
were collected postpartum at postnatal day 30 (PN30).
Results: At PN30 hepatic triglyceride (TG) content was increased 
in GDM dams as compared to HF and LF controls (TG: 65,9 vs 33,6 
and 32,8 umol/g, p<0.05). Hepatic cholesterol ester (CE) levels were 
markedly lower in HF animals compared to GDM and LF (CE: 3,0 vs 
6,2 and 9,2 umol/g, p<0.05). Moreover, the PL/TG ratio was signifi-
cantly increased in GDM dams compared to HF and LF dams (1,9 vs 
0,9 and 1,0, p<0.05), indicative of higher lipid droplet size. Plasma 
TGs were, however, comparable between groups. Plasma Cholesterol 
and NEFA levels were increased in GDM and HF dams compared to 
LF controls (Chol: 2,8 and 2,9 vs 2,5 nM, p<0.05; NEFA: 0,7 and 
0,7 vs 0,4; p<0.05). Plasma liver disease markers were increased 

in GDM dams compared to HF and LF controls (ALT: 81,9 vs 26,7 
and 24,0 U/L, p<0.05; AST: 155,0 vs 63,7 and 71,5 U/L, p<0.05). 
Finally, the histopathological analysis showed increased NAFLD 
activity scores in livers from GDM dams (3,4 vs 1,0 and 1,5 p<0.05) 
as well as higher energy accumulation (lipid and glycogen), inflam-
mation, and cell turnover indices.
Conclusion: We confirmed that GDM dams develop NAFLD over 
a relatively short period after giving birth. Our findings indicate 
that the double-hit model of lean GDM can be used to further study 
the effects of pregnancy hyperglycemia in absence of obesity and 
its role in the development of postpartum NAFLD.
Supported by: Health holland, de Stichting De Cock-Hadders
Disclosure: K. Hribar: Grants; Health holland, de Stichting De 
Cock-Hadders.
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Gestational diabetes diagnosis in the Swedish Pregnancy 
Register
S. Diurlin1, S.  Patil2, U.  Lindblad1, B.  Daka1, M.I.  Hellgren1, On 
behalf of CDC4G steering group, H.  Backman3;
1Institute of Medicine at Sahlgrenska Academy, University of Goth-
enburg, Gothenburg, Sweden, 2Clinical Epidemiology and Biosta-
tistics, School of Medical Sciences, Örebro University, Örebro, 
Sweden, 3Dept of Obstetrics and Gynecology, Faculty of Medicine 
and Health, Örebro University, Örebro, Sweden.

Background and aims: The Changing Diagnostic Criteria for Gestational 
Diabetes (GDM) study (CDC4G) is a stepped wedged randomized con-
trolled trial in Sweden on the effects of introducing the 2013 WHO criteria 
for diagnosing GDM. Almost all Swedish pregnancies are registered in 
the Swedish Pregnancy Register (SPR). The CDC4G study provides a 
unique opportunity to validate the GDM diagnosis in the SPR. We aim to 
1) validate the diagnosis of GDM in the SPR using the laboratory values 
from the oral glucose tolerance tests (OGTT) in the CDC4G study as the 
gold standard; 2) explore effects of change in diagnostic criteria on validity 
and prevalence of the diagnosis of GDM. Secondary aim is to investigate 
whether incident GDM diagnoses during pregnancy are recorded by the 
midwife when entering the follow-up postpartum registration in the SPR.
Materials and methods: Data from the SPR were compared with data 
from the CDC4G eCRF (gold standard measurements: venous OGTT 
values fasting, 1-h and 2-h) among 6080 screened individuals in 2018. 
We also investigated if the GDM diagnosis, set at the maternity ward was 
registered by the midwives at the postpartum follow-up (SPR tickbox). We 
present the sensitivity, specificity, positive (PPV) and negative (NPV) pre-
dictive value for each question. The study was approved by the Uppsala-
Örebro regional Ethical Review board (2016/487), and by the Swedish 
Ethical Review Authority (2019/02148, 2020/02856, 2021/02055).
Results: Validating the ICD-code GDM (O24.4) in the Swedish Preg-
nancy Register resulted in 84.7% sensitivity, 96.7% specificity, PPV of 
91.8%, and NPV of 93.5%. The prevalence of the GDM diagnosis more 
than tripled using the new criteria (Table 1). Both the sensitivity and 
specificity of the follow-up postpartum registration of GDM were con-
siderably lower than for the GDM ICD-code, 76.6% and 87.6%, respec-
tively. There were some minor differences in the accuracy of the registra-
tion before and after the switch to the new criteria for GDM, see table 1.
Conclusion: The coding of GDM in clinical practice, that is trans-
ferred to the SPR needs to be improved. We recommend researchers 
to use data based on ICD coding, instead of manually entered SPR 
data, until the quality of the variable has improved.
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Pregnancy outcomes of women with ‘mild’ gestational diabetes 
(GDM by WHO 2013 but not by WHO-1999 diagnostic criteria): 
a population-based cohort study
A.G. Tabák1,2, G.Á.  Visolyi1,3, M.M. Svébis1, B.A. Domján1, L. 
 Zsirai4, A.  Kun5;
1Semmelweis University, Budapest, Hungary, 2University College 
London, London, UK, 3Bajcsy-Zsilinszky Teaching Hospital, Buda-
pest, Hungary, 4Istenhegyi Gene Diagnostic Center, Budapest, Hun-
gary, 5Tolna County Balassa János Hospital, Szekszárd, Hungary.

Background and aims: There is controversy, whether the treatment 
of ‘mild’ gestational diabetes (GDM, GDM by WHO-2013 diagnostic 
criteria but not by WHO-1999) would improve pregnancy outcomes. 
As Hungary used the WHO-1999 criteria for the diagnosis of GDM 
until 2013, we aimed to compare the risk and population attributable 
fraction (PAF) of pregnancy outcomes associated with mild GDM, 
pre-pregnancy BMI, and pregnancy BMI gain until the diagnostic 
OGTT.
Materials and methods: During a universal screening program 
in Western Hungary 4333 pregnant women had a 75 g OGTT 
with the determination of fasting, 60-minute and 120-minute glu-
cose in 2009-2013. By WHO-2013 normal glucose tolerance was 
diagnosed in n=3582, ‘mild’ GDM in n=361 cases. BMI before 
pregnancy (BMI) and BMI change until the OGTT (dBMI) were 
recoded as tertiles and the bottom 2 tertiles were compared to the 
top tertile.
Results: Untreated WHO-2013 women were older (mean difference 
[MD] 1.5, 95%CI 0.9-2.0 yrs), had higher fasting (MD 1.02, 95%CI: 
0.98-1.06), 60-minute (MD 1.04, 95%CI 0.83-1.26), and 120-minute 
(MD 0.41, 95%CI 0.83-1.26 mmol/l) blood glucose, and blood pres-
sure (MD 2.5, 95%CI 1.5-3.5/MD 1.8, 95%CI 0.9-2.7 mmHg). Weight 
gain was similar in both groups (MD -0.13, 95%CI -0.43-0.68 kg). 
In models mutually adjusted for GDM status, BMI and dBMI, preg-
nancy induced hypertension during pregnancy was non-significantly 
more prevalent in the GDM group (OR 1.23, 95%CI 0.83-1.82) and 
significantly more among those with high BMI (OR 3.01, 95%CI 
2.32-3.90), and high BMI gain (OR 1.43, 95%CI 1.10-1.87). Find-
ings were similar for induced and instrumental delivery, and acute 
caesarean section, and large for gestational age birthweight with ORs 
1.22-1.26 for GDM, 1.56-1.61 for high BMI, and 1.38-1.49 for high 
dBMI. LGA remained more prevalent among GDM women (OR 1.39, 
95%CI 1.08-1.80) even after adjustment for BMI (OR 2.15, 95%CI 
1.82-2.54) and dBMI (OR 1.41, 95%CI1.19, 167). Point estimates of 
PAFs were in the range of 1.9-3.6% for GDM, 13.6-38.4% for BMI, 
and 10.2-13.0 for dBMI.

Conclusion: ‘Mild’ GDM explained only a small fraction of popu-
lation attributable risk of adverse pregnancy outcomes. While pre-
pregnancy BMI explained the most of the PAFs, intervention efforts 
on pre-pregnancy BMI are mostly ineffective. BMI change until the 
OGTT is a potentially modifiable risk factor that explains substan-
tially more of the PAFs of adverse pregnancy outcomes than GDM 
and could be targeted and treated easier and cheaper than GDM.
Disclosure: A.G. Tabák: Grants; Ministry of Innovation and Tech-
nology of Hungary from the National Research, Development and 
Innovation Fund (2021 Thematic Excellence Programme fund-
ing scheme, TKP2021-NKTA-47), UK Medical Research Council 
(S011676).
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Prevalence of thyroid dysfunction in pregnant women with or 
without gestational diabetes
F. Carrieri, F. Ginestra, M.A. Carlucci, G. Di Dalmazi, M.P.A. 
Baldassarre, I. Cipolloni, I. Bucci, G. Napolitano, A. Consoli, G. 
Formoso;
Department of Medicine and Aging Sciences, G. D’Annunzio Uni-
versity, Chieti, Italy.

Background and aims: Data so far available on the relationship 
between gestational diabetes (GDM), metabolic phenotype and thy-
roid function during pregnancy are conflicting and deserve further 
investigations. Aim of this project was to assess thyroid function in a 
cohort of pregnant GDM or normal glucose tolerant Italian women.
Materials and methods: The study was conducted at the outpatient 
clinic of Endocrinology and Metabolism of Pescara health service 
(Italy), in accordance with guidelines of the Helsinki Declaration 
on human experimentation. One-hundred-fifty-eight (158) pregnant 
caucasian women without history of thyroid disease were enrolled 
(105 GDM and 53 controls). GDM was investigated by OGTT 75 gr 
between 22 and 32 gestational weeks. Blood samples for TSH, FT3, 
FT4, TgAb, TPOAb and a spot urine sample for iodine measurement 
were collected. Blood pressure was measured, BMI was calculated 
and stratified into five categories (<25, 25-30, 30-35, 35-40, >40 kg/
m2); moreover, thyroid ultrasound was performed to evaluate echo 
pattern and thyroid volume. Statistical analyses were carried out with 
Stata software using non-parametric statistical tests: chi-square test, 
Kruskal-Wallis test, Mann-Whitney U test, Spearman’s correlation. 
Differences were considered statistically significant at p<0.05.
Results: No difference between GDM vs control group in thyroid dysfunc-
tion (TSH, FT3, FT4) and autoimmunity was found. FT3/FT4 ratio signifi-
cantly increased across BMI categories (p<0.05). Stratifying women by 
GDM diagnosis, this result persisted only in GDM (p=0.015 Vs p=0.22). 
According to that, a significant positive correlation was found between 
maternal weight and FT3/FT4 ratio in the study population (r=0.26, 
p=0.0007). This data was confirmed only in GDM (r=0.3, p=0.001). In 
our population, the iodine status seemed to be inadequate as indicated by 
urinary iodine concentration <150 μg/L [GDM 94.1 μg/L, interquartile 
range (IR) 112 vs control group 64.2 IR 72]. In particular, urinary iodine 
excretion was significantly lower in control group, especially in women 
with BMI >25 kg/m2 (p=0.015). Wherease, women with GDM showed 
higher urinary iodine concentration values regardless of BMI, suggesting 
better iodine intake.
Conclusion: These results indicate that GDM is not associated with 
thyroid dysfunction or autoimmunity in our popolation. The higher FT3/
FT4 ratio observed in both obesity and GDM would be driven by the 
increase in peripheral conversion of FT4 to FT3. In addition, the higher 
iodine intake inferred from urinary iodine concentration in patients with 
GDM, could be explained by greater adherence to nutritional therapy and 
prescribed supplementation probably due to more frequent monitoring.
Disclosure: F. Carrieri: None.

http://www.vr.se/en/
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Prediction of gestational diabetes risk with visceral fat tissue in a 
multiethnic cohort
H. Navarro-Martínez1, G. Llauradó-Cabot2,3, D. Benaiges-Boix2,3, 
J. Chillarón-Jordán2,4, R. Rubio-Salazar5,3, J. Hernández-Sánchez5, C. 
Rueda-García5, E. Ferriols-Pérez5, J.A. Flores-Le  Roux2,3;
1Endocrinology and Nutrition, Consorci Sanitari Alt Penedès-Garraf, 
Vilafranca del Penedès (Barcelona), Spain, 2Endocrinology and Nutri-
tion, Hospital del Mar, Barcelona, Spain, 3Department of Medicine, 
Universitat Autònoma de Barcelona, Barcelona, Spain, 4IMIM, Institut 
Hospital del Mar d’Investigacions Mèdiques, Barcelona, Spain, 5Obstet-
rics and Ginecology, Hospital del Mar, Barcelona, Spain.

Background and aims: Abdominal fat tissue has been related to car-
diometabolic diseases in general population. We aim to study whether 
the abdominal fat tissue thickness measured in first trimester of preg-
nancy was related to the diagnosis of Gestational Diabetes (GDM) in a 
multiethnic cohort, and to detect possible differences in the abdominal 
fat distribution between ethnic groups.
Materials and methods: Healthy pregnant women were evaluated pro-
spectively. Exclusion criteria were multiple pregnancies and pregesta-
tional diabetes. Abdominal fat tissue -visceral (VAT), subcutaneous 
(SAT) and total fat tissue (TAT=SAT+VAT)- was measured in routine 
first-trimester ultrasonography (gestational week 11-14). Multivariate 
logistic regression was performed to evaluate the independent predic-
tors of GDM, including maternal age, ethnicity, BMI, SAT and VAT.
Results: 360 pregnant women from 5 different ethnic groups were 
included: European, Latin-American, South-Central Asian (Paki-
stan, India, Bangladesh), East Asian (Philippines, China, Vietnam), 
and North-African (Morocco). Mean age was 31.5±6.0 years, mean 
first trimester BMI was 24.9±5.0 kg/m2, mean  HbA1c was 5.0±0.3% 
(31±3mmol/mol) and 49.2% had family history of diabetes mellitus. 
The prevalence of GDM diagnosed in the second trimester was 10.0% 
with significant differences among ethnic groups (Table 1). Mean VAT 
thickness was higher among South-Central Asian women compared to 
European, Latin-American and East-Asian women. In the multivariate 
analysis, the main predictors of GDM were: South-Central Asian ethnic-
ity (OR 2.76 [1.12-6.79], p=0.02), VAT (OR 1.03 [1.01-1.06], p=0.02), 
and maternal age (OR 1.07 [1.01-1.15], p=0.04), with no association 
found for BMI and SAT.
Conclusion: Abdominal adiposity distribution differs between ethnic 
groups, and South-Central Asian women have a higher mean VAT thick-
ness. Moreover, VAT thickness measured in first trimester of pregnancy, 
maternal age and South-Central Asian ethnicity were predictors of 
GDM after adjusting for BMI and SAT.

Disclosure: H. Navarro-Martínez: None.

525
Adipose tissue insulin resistance, liver fat and fetuin-A in South 
Asian and Nordic women after gestational diabetes
S. Lee-Ødegård1, A.  Suntharalingam1, H.L.  Gulseth2, I.  Nermoen1, 
S.T.  Sollid1, E.  Qvigstad1, K.I.  Birkeland1, A.  Sharma1;
1University of Oslo, Oslo, Norway, 2Institute of Public Health, 
Oslo, Norway.

Background and aims: Individuals of South Asian (SA) ethnic-
ity are more prone to develop type 2 diabetes (T2D) compared to 
white Europeans. A surplus of metabolic active visceral fat seem 
to be important for this increased risk, but the mechanisms remain 
incompletely understood. We focused on the inter-tissue cross-talk 
between adipose tissue (AT) and the liver in the development of 
insulin resistance (IR) and hypothesised that differences in this 
cross-talk contribute to the increased risk of T2D in SA women.
Materials and methods: 179 SA (from India, Pakistan, Sri Lank 
and Bangladesh) and 108 Nordic (from Norway, Sweden, Denmark, 
Finland and Iceland) women living in Oslo, Norway underwent 
an oral glucose tolerance test (OGTT) 1-3 years after gestational 
diabetes. Non-esterified fatty acids (NEFA), very-low-density lipo-
protein triacylglycerol (VLDL-TG), glucose, insulin and C-peptide 
were measured during the OGTT in addition to fasting blood fetuin-
A, leptin, adiponectin, C-reactive protein (CRP), interleukin-6 
(IL-6), and high- and low-density cholesterol (HDL-c and LDL-c) 
levels.
Results: 31% of SA and 53% of Nordic women had a normal 
OGTT. In women with normoglycaemia, SA exhibited lower sup-
pression of NEFA levels during the OGTT than NO normoglycae-
mic women, but a similar NEFA response as in women with pre-
diabetes/T2D. Normoglycaemic SA also displayed higher levels of 
VLDL-TG than NO, again with a similar response pattern as seen 
in women with prediabetes/T2D. Normoglycaemic SA were mov-
ing up the curve when comparing NEFA as a function of insulin 
levels, approaching women with prediabetes/T2D. Markers of AT 
IR were positively correlated to plasma levels of leptin, CRP and 
IL-6, and negatively correlated to plasma adiponectin levels. The 
median plasma CRP and IL-6 levels were higher whereas plasma 
adiponectin levels were lower in normoglycaemic SA than in NO. 
The median plasma fetuin-A concentration was higher in normogly-
caemic SA than in NO and mediated 10% of the ethnic difference 
in AT IR. Normoglycaemic SA displayed higher levels of liver fat 
markers, lower hepatic insulin clearance and plasma HDL-c levels 
and increased peripheral insulin concentrations than NO controls.
Conclusion: We observed clear signs of AT IR in SA that were 
associated with increased liver fat content and signs of dyslipidae-
mia. AT IR was partly explained by markers of AT inflammation 
and increased plasma levels of fetuin-A. We suggest that target-
ing AT dysfunction may lower the risk of T2D and cardiovascular 
disease in SA.
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Inhibition of de novo ceramide synthesis pathway in pancreatic 
beta cell causes massive defects in insulin secretion
C. Amouyal1, S.  Chen2, J.  Denom3, I.  Raho3, N.  Kassis3, M. 
 Diedischeim2, F.  Mifsud3, J.  Lallement3, E.  Georgiadou4, G.  Rutter5, 
C. Cruciani-Guglielmacci3, H. Le  Stunff6, C.  Magnan3;
1Diabetology department, Sorbonne Université INSERM Nutriomic 
team, Paris, France, 2Université de Paris, Paris, France, 3Université 
de Paris, BFA, UMR 8251, CNRS, Paris, France, 4Imperial College, 
London, UK, 5Département de médecine, Université de Montréal, 
Montreal, QC, Canada, 6Université Paris-Saclay - Institut des Neuro-
sciences Paris-Saclay (Neuro-PSI)- CNRS UMR 9197, Paris, France.

Background and aims: Accumulation of ceramides in pancreatic 
beta cells in situation of obesity, is source of lipotoxicity. We seek 
to study the impact on carbohydrate metabolism of an inhibition of 
de novo synthesis of ceramides in pancreatic beta cells, the main 
production pathway of which serine palmitoyltransferase (SPT) is 
the limiting enzyme.
Materials and methods: The SPT2 sub-units, in β cells of C57B16J 
male mice, are deleted by crossing between Sptlc2flox/flox mice and 
Ins1Cre+/- mice. In-vivo study of carbohydrate metabolism (glucose and 
insulin tolerance test) and ex-vivo analysis on isolated pancreatic islets 
are performed (glucose-stimulated insulin secretion GSIS, calcium and 
ATP imaging, cell connectivity, measurement of intra-islet sphingolip-
ids) on transgenic animals  (Sptlc2ΔIns1) and their controls  (Sptlc2WT) 
under different diets (standard: CD, High fat: HFD and ketogenic: KD).
Results: Body weight, food intake and insulin sensitivity are simi-
lar between  Sptlc2ΔIns1 and  Sptlc2WT mice under CD and HFD. In 
 Sptlc2ΔIns1 mice, basal glycaemia rises significantly from weaning. 
Furthermore, glucose tolerance and insulin secretion are significantly 
impaired under CD and HFD, due to massive decrease in the number of 
pancreatic islets (p<0,01, under CD). KD introduced at weaning for 5 
weeks normalizes basal glycaemia without correcting the insulin secre-
tion defect of  Sptlc2ΔIns1 mice. Ex-vivo studies of isolated pancreatic 
islets show under CD and HFD: an overall decrease in sphingolipids, a 
decrease of total islet insulin content, a however improved GSIS (while 
adjusted to insulin content, p<0,01) in  Sptlc2ΔIns1 mice compared to 
their controls. On CD; the calcium, ATP fluxes and connectivity are 
similar to those of the  Sptlc2WT islets.
Conclusion: Constitutive inhibition of the de novo ceramide synthesis 
pathway in ß cells is responsible for an impaired insulin secretion due 
to a decrease in the number of pancreatic islet, without impairment of 
ex vivo insulin secretion capacity.
Disclosure: C. Amouyal: None.

527
The dual incretin coagonist tirzepatide contributes to glucose elimi-
nation by increasing both insulin secretion and glucose effectiveness 
in model experiments in mice
B. Ahrén1, G.  Pacini2;
1Lund University, Lund, Sweden, 2Independent researcher, Padua, Italy.

Background and aims: Tirzepatide is a dual GIP and GLP-1 receptor 
coagonist which is approved for glucose lowering therapy in type 2 
diabetes. It is known to increase insulin secretion. Whether also other 
glucose-lowering mechanisms are affected by this novel peptide is, how-
ever, not known. We therefore explored its effects on insulin secretion, 
beta cell function, insulin sensitivity and glucose effectiveness in model 
experiments in normal mice.
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Materials and methods: Anesthetized female C57/BL/6J mice were 
injected intravenously with glucose alone (0.35/kg) with or without 
simultaneous administration of synthetic tirzepatide (3 nmol/kg). Sam-
ples were taken at 0, 1, 5, 10, 20 and 50 min for determination insulin 
and glucose. Glucose elimination rate was estimated by the percentage 
reduction in glucose from min 5 to min 20  (KG). 50 min areas under the 
curve (AUC) for insulin and glucose were determined. Beta cell func-
tion was assessed as AUC insulin divided by AUC glucose. Insulin sensitivity 
 (SI) and glucose effectiveness  (SG) were determined by minimal model 
analysis of the insulin and glucose data.
Results: After glucose administration, tirzepatide markedly increased 
glucose elimination rate to 4.5±0.2 %/min (n=19) versus 2.6±0.2 in 
controls (n=23; P<0.001). At the same time, tirzepatide increased beta 
cell function by 55% (P<0.001) and AUC insulin by 32% (P=0.013) and 
reduced AUC glucose by 18% (P<0.001).  SI was not significantly affected 
by tirzepatide (0.99±0.05  10-4/min/(pmol/l) versus 1.00±0.09 in controls, 
P=0.89), whereas  SG was significantly increased (0.091±0.005 1/min 
versus 0.054±0.004 in controls; P<0.001). Multiple regression analysis 
revealed that increase in  SG contributed to increase in  KG by 74±4 % 
after glucose versus 67 ±8% after glucose+tirzepatide, and that the cor-
responding contributions by  SI times peak insulin (i.e., disposition index) 
was 26±4% and 33±8%, respectively. The Figure shows glucose and insu-
lin levels after intravenous injection of glucose(0.35g/kg) alone (black) or 
with tirzepatide (3 nmol/kg; red). Means±SEM areshown. Asterisks indi-
cate probability level of random difference between thegroups, *P<0.05; 
***P<0.001. n indicates number of animals.
Conclusion: Tirzepatide stimulates beta cell function and glucose effec-
tiveness, whereas insulin sensitivity is not altered in model experiments 
in normal mice. When tirzepatide is given with glucose, glucose elimi-
nation is increased by a rise in both glucose effectiveness and disposi-
tion index, with increase in glucose effectiveness being the prominent 
part.

Supported by: Faculty of Medicine, Lund university
Disclosure: B. Ahrén: None.

528
Longitudinal changes in sex hormone-binding globulin and free 
testosterone in men living with HIV: relationships with dysgly-
caemia, insulin secretion and sensitivity
I.D. Seipone1, A.E.  Mendham2,3, C.  Kufe3, T.  Olsson4, L.K. 
 Micklesfield3, J.G.  Goedecke1,3;
1Biomedical Research and Innovation Platform, South African Medi-
cal Research Council, Cape Town, South Africa, 2University of Cape 
Town, Cape Town, South Africa, 3University of the Witwatersrand, 
Johannesburg, South Africa, 4Department of Public Health and Clini-
cal Medicine, Umeå University, Umeå, Sweden.

Background and aims: Hypogonadism in men has been identified 
as one of the risk factors for insulin resistance and type 2 diabetes 
and is common in men living with HIV (MLWH). Sex hormone bind-
ing globulin (SHBG), a glycoprotein that transports and regulates 

testosterone bioavailability, is higher in MLWH than men living with-
out HIV (MWOH), but the pathophysiology and implications of this 
are unclear. This study aimed to i) compare the changes in SHBG 
and free testosterone between middle-aged black South African (SA) 
MLWH and MWOH over a 3-year follow-up period; and ii) to explore 
the associations between these hormones and incident dysglycaemia, 
insulin sensitivity and secretion parameters.
Materials and methods: This longitudinal study included black SA 
men (n=469) from the Middle-Aged Soweto Cohort (MASC), com-
prising 94 MLWH and 375 MWOH followed over a 3.1±1.5-year 
period. At baseline and follow-up body composition was measured 
using dual-energy X-ray absorptiometry [DXA]) and SHBG, albu-
min and total testosterone were measured using chemiluminescent 
microparticle immunoassay, bromocresol green albumin assay kit and 
ultra-high performance liquid chromatography tandem mass spec-
trometry respectively and free testosterone (Free-T) was calculated. 
At follow-up an oral glucose tolerance test was completed to assess 
glucose tolerance and insulin secretion and sensitivity.
Results: At baseline, MLWH were younger (47.8±5.2 vs. 50.3±6.2 
years) and had a lower fat mass index (FMI) (4.11[3.05-7.10] vs. 
6.59[4.54-8.46] kg/m2) and visceral adipose tissue (VAT) area 
(64.0[42.0-102] vs 77.2 [53.6-115]cm2) than MWOH (all p<0.001), 
and this did not change overtime (p>0.05). MLWH were more likely 
to be current smokers (p < 0.001). Accordingly, all subsequent analy-
ses were adjusted for baseline age, FMI, VAT, smoking and medica-
tion use. Baseline SHBG levels were higher in MLWH than MWOH 
(p<0.001) and there was a greater absolute increase in the MLWH 
than MWOH (2.77 (-2.03 to 8.13) vs. 0.225 (-1.74 to 1.98) nmol/l, 
p<0.001 for interaction) over the 3 years. Free T concentrations did 
not differ by HIV status (p=0.987) and decreased with time in both 
groups (p=0.014). Baseline SHBG was associated with lower risk of 
incident dysglycaemia [OR (95% CI): 0.975 (0.956-0.995)] and this 
did not differ by HIV status. Baseline SHBG was positively associ-
ated with insulin sensitivity in MWOH (p<0.001) and not MLWH 
(P=0.003 for interaction), and positively associated with β-cell func-
tion (β=0.085, p=0.009) independent of HIV status. Change in SHBG 
was not associated with dysglycaemia and insulin parameters. Free 
T and change in Free T were not associated with dysglycaemia and 
insulin parameters.
Conclusion: The higher baseline SHBG in MLWH was associated 
with decreased risk of diabetes in middle-aged black SA men inde-
pendent of HIV status, but the association with insulin sensitivity was 
only significant in MWOH. Decreases with age in free testosterone 
levels did not associate with altered glucose metabolism. The mecha-
nisms underlying the altered sex hormone milieu and the implications 
on type 2 diabetes risk in MLWH require further investigation.
Supported by: GSK (ES/N013891/1), SANRF (UID:99108)
Disclosure: I.D. Seipone: None.

529
Dried blood spot C-peptide measurements show robust perfor-
mance in assessing endogenous insulin secretion in individuals 
with young-onset insulin-treated diabetes
J.C. Katte1,2, M.Y.  Dehayem3, B.M.  Shields1, A.T.  Hattersley1, E. 
 Sobngwi3, A.G.  Jones1,4, T.J.  McDonald1,5;
1Department of Clinical and Biomedical Sciences, University of Exeter 
Medical School, Exeter, UK, 2National Obesity Centre and Endocrinol-
ogy and Metabolic Diseases Unit, Yaounde Central Hospital, Yaounde, 
Cameroon, 3Department of Internal Medicine and Specialities, Fac-
ulty of Medicine and Biomedical Sciences, University of Yaounde 
1, Yaounde, Cameroon, 4Macleod Diabetes and Endocrine Centre, 
Royal Devon University Healthcare NHS Foundation Trust, Exeter, 
UK, 5Academic Department of Clinical Biochemistry, Royal Devon 
University Healthcare NHS Foundation Trust, Exeter, UK.
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Background and aims: C-peptide measurements during a standard 
mixed meal tolerance test remain the reference in assessing endoge-
nous insulin secretion in people with diabetes in clinical and research 
settings. However, it is expensive and labour-intensive, therefore, 
alternative approaches are needed. We aimed to determine the perfor-
mance of home-collected dried blood spot (DBS) C-peptide measure-
ments in assessing endogenous insulin secretion in individuals with 
young-onset insulin-treated diabetes.
Materials and methods: We compared and assessed the diagnostic 
performances of fasting and post-meal (post-breakfast, post-lunch, 
and post-supper) dried blood spot C-peptide measurements with 
stimulated blood C-peptide at 90 minutes during a standard mixed 
meal tolerance test from 37 individuals: median age (interquartile 
range) 16 (15, 19) years and, diabetes duration 1.2 (0.1, 2.9) years. 
C-peptide was measured using a single molecule array assay, allowing 
far lower detection (1.50 vs approximately 200 pmol/L) than previous 
blood spot approaches.
Results: The median (interquartile range) fasting, post-breakfast, post-
lunch, post-supper and mixed meal test 90-minute blood C-peptide 
were 57 (16, 144), 129 (26, 485), 102 (31, 250), 80 (26, 219) and 
171 (100, 418) pmol/L respectively. Post-home-meal DBS C-peptide 
levels were strongly correlated with stimulated blood C-peptide at 
90-minutes from the mixed meal tolerance test; post-breakfast r=0.91; 
(95%CI 0.83 to 0.95), post-lunch r=0.91; (95%CI 0.83 to 0.95), and 
post-supper r=0.90 (95%CI 0.81 to 0.95), with a lower correlation for 
fasting DBS C-peptide; fasting r=0.77 (95%CI 0.60 to 0.87). For iden-
tifying individuals with severe insulin deficiency (MMTT C-peptide 
<200 pmol/L) and insulin requirement/type 1 diabetes using fasting 
DBS C-peptide of 80 and 250 pmol/L had 0.97 (95%CI 0.93-1.00) 
and 0.96 (95%CI 0.89-1.00), with sensitivity/specificity 95.2%(76.2-
99.9)/87.5%(61.7-98.4) and 90.6%(75.0-98.0)/100%(47.8-100.0) 
respectively. For detecting individuals with severe insulin deficiency 
and insulin requirement/type 1 diabetes, identical post-breakfast 
DBS C-peptide cut-offs had AUC ROC 0.92 (95%CI 0.82-1.00) and 
0.98 (95%CI 0.94-1.00), with sensitivity/specificity 85.7% (63.7-
97.0)/75.05 (47.6-92.7) and 90.9% (75.0-98.0)/100% (47.8-100.0) 
respectively. Averaging multiple (up to 3) post-meal DBS C-peptide 
measurements did not substantially improve the correlation with 
MMTT C-peptide or overall diagnostic performance.
Conclusion: A single fasting or post-meal home-collected DBS 
C-peptide measurement allows for robust and accurate assessment 
of endogenous insulin secretion in individuals with young-onset 
insulin-treated diabetes.
Supported by: NIHR
Disclosure: J.C. Katte: None.

530
Residual insulin secretion is associated with lower BMI and 
reduced central obesity indices in patients wih type 1 diabetes
G. Karamanakos1, A.  Barmpagianni1, I.A.  Anastasiou1, S.  Driva1, 
A.  Kountouri2, V.  Lambadiari2, S.  Liatis1;
1Diabetes Center, First Department of Propaedeutic Internal Med-
icine, Athens University Medical School, Athens, Greece, 22nd 
Department of Internal Medicine—Propaedeutic and Research 
Institute, Athens University Medical School, “Attikon” University 
Hospital Athens, Greece, Athens, Greece.

Background and aims: The administration of exogenous insulin 
is a significant contributor to increased weight gain and insulin 
resistance in patients with type 1 diabetes (T1D). While residual 
insulin secretion has previously been linked to reduced insulin 
requirements and a lower incidence of hypoglycemia, the correla-
tion between BMI, and indicators of central obesity to residual 
insulin secretion has not been fully evaluated.

Materials and methods: We prospectively evaluated consecutive 
patients with T1D who were regularly followed in the diabetes 
outpatient clinics of two university tertiary hospitals in Greece 
from 2016 to 2020. The insulin secretory capacity of participants 
was evaluated on the basis of fasting C-peptide measurements, with 
C-peptide values ≥0.05 ng/mL indicating residual insulin secretion 
(RIS). A complete medical history was recorded at enrollment. Vis-
ceral fat assessment was undertaken using bioelectrical impedance 
analysis, waist circumference was measured at the level of the iliac 
crest with the participants in a standing position and BMI was cal-
culated based on the patient’s body weight and height. Univariate 
analysis was used to examine for a significant association between 
 log10 C-peptide values and measures of BMI, waist circumference 
and visceral fat. Potential confounding factors associated with BMI 
and central obesity indices such as gender, age, diabetes duration, 
age at diabetes diagnosis and HbA1c were then assessed through 
multivariate linear regression analysis.
Results: The presence of RIS was found in 23% (n=48) of the total sam-
ple population (n=208, 32.7% male, mean age 37.3±13.3 years, mean 
duration of diabetes 18.9±10.7 years, mean HbA1c 7.6±1.3%, mean log 
C-peptide -1.35±0.28 ng/mL, mean BMI 25.4±5 kg/m2). BMI was lower 
in individuals with RIS (23.9±4.3 vs25.9±5.1, p=0.023). In univariate 
analysis, a statistically significant inverse correlation was found between 
 log10 C-peptide and BMI (β= - 0.244, p<0.001), which remained signifi-
cant after consecutive adjustment for age, gender, duration of diabetes age 
at diabetes diagnosis and HbA1c (full model in table). Similar independ-
ent associations were found between  log10 C-peptide and waist (β=- 0.292, 
p<0.001) and visceral fat measurements (β=-237, p=0.018).
Conclusion: Increased residual insulin secretory capacity in people 
with T1D is inversely associated with lower BMI and reduced cen-
tral obesity indices, independently of possible confounders. Further 
prospective studies on β-cell function should aim to distinguish the 
cause and effect of this relationship.

Disclosure: G. Karamanakos: None.
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Alterations in G protein-coupled receptor ligand mRNAs in gas-
trocnemius muscle of diet-induced obese mice
Z. Lyu, O. Olaniru, P. Atanes, S. Persaud;
Department of Diabetes, School of Cardiovascular and Metabolic 
Medicine & Sciences, King’s College London, London, UK.

Background and aims: Muscle-derived secreted peptides (myokines) 
may regulate islet function through effects on insulin secretion and/
or beta-cell mass, and this crosstalk may be altered in obesity. Here, 
we quantified expression of mRNAs encoding islet G protein-cou-
pled receptor (GPCR) ligands in gastrocnemius muscle retrieved 
from mice that had been maintained for 16 weeks on a normal chow 
diet (CD, 20% fat) or a high-fat diet (HFD, 60% fat). In parallel, we 
quantified non-olfactory GPCR mRNAs in islets isolated from the 
same mice.
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Materials and methods: 6-week-old male C57BL/6 mice were main-
tained on CD (n=4) or HFD (n=4) for 16 weeks then final weights 
were determined, and intraperitoneal glucose tolerance tests were 
performed by administration of 2g/kg glucose. Gastrocnemius muscle 
samples and islets were isolated from the culled mice and RT-qPCR 
was used to quantify the mRNA expression of 155 GPCR ligands in 
muscle samples and 344 non-olfactory GPCRs in islets. Gene expres-
sion was stratified as being expressed (>0.001% relative to Actb 
mRNA), at trace level (0.001%-0.0001%) and absent (<0.0001%).
Results: Maintenance of mice for 16 weeks on a HFD signifi-
cantly increased body weight (CD, 6 weeks: 20.6±0.54g, 22 weeks: 
33.4±0.87g; HFD, 6 weeks: 20.4±0.52g, 22 weeks: 44.8±6.25g, 
P<0.05) and impaired glucose tolerance (CD, basal glucose: 
9.8±0.2mM, 30 min: 23.4±1.5mM, 120 min: 13.4±0.9mM; HFD, 
basal glucose: 10.3±0.9mM, 30 min: 26.5±1.3mM, 120 min: 
23.9±2.1mM, P=0.001). 50 of the 155 GPCR ligand mRNAs were 
expressed in mouse gastrocnemius muscle samples from CD mice, 
and 49 of those were also detected in the HFD muscle samples. 32 
and 26 mRNAs encoding GPCR ligands were expressed at trace lev-
els and 70 and 77 mRNAs were absent in skeletal muscle of CD 
and HFD mice, respectively. The mRNA expression of 17 GPCR 
ligands was significantly altered in gastrocnemius muscle by obe-
sity. In particular, there was significant upregulation of Wnt16, 
Rspo3, Wnt5b, Cxcl9, Cxcl16 and Cxcl1 in HFD mice (fold change: 
4.691±0.431, 2.967±0.218, 1.985±0.277, 1.925±0.327, 1.654±0.206 
and 1.648±0.223, respectively; P<0.05 for all), and significant 
downregulation of Wnt3a, Cd55, Wnt4 (fold change: 0.393± 0.095, 
0.601±0.054, 0.631±0.076; P<0.005 for all). Quantification of GPCR 
mRNAs in islets indicated that there were no significant changes in 
those encoding receptors for the skeletal muscle ligands that were 
altered in obesity. However, there were some changes in islet GPCR 
mRNA expression following maintenance of mice on a HFD for 16 
weeks. For example, Ptfgre4 was significantly upregulated (fold 
change: 1.328±0.093, P<0.05), while Crhr1 and Gpbar1 mRNAs 
were downregulated (fold change: 0.585±0.111 and 0.767±0.064, 
respectively; P<0.05 for both).
Conclusion: Mice rendered obese by being fed chow containing 60% 
fat for 16 weeks were glucose intolerant and their skeletal muscle 
showed significantly modified expression of mRNAs encoding sev-
eral GPCR ligands. While islets from the obese mice did not show 
altered levels of the mRNAs for GPCRs through which these ligands 
signal, it is possible that changes in circulating levels of these muscle-
derived peptides, some of which have previously been implicated in 
regulation of islet function, may have an impact on islet responses 
to glucose intolerance through binding to their cognate receptors.
Supported by: K-CSC sholarship
Disclosure: Z. Lyu: None.
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Glucagon receptor immunoexpression in brain barrier interfaces 
in developing human and adult mouse brain
C. Bjørnbak Holst1,2, N.J. Wewer  Albrechtsen2,3, K. Møllgård1;
1Department of Cellular and Molecular Medicine, Faculty of Health 
and Medical Sciences, University of Copenhagen, Copenhagen, Den-
mark, 2Department of Clinical Biochemistry, Copenhagen Univer-
sity Hospital - Bispebjerg and Frederiksberg Hospital, Copenhagen, 
Denmark, 3NNF Center for Protein Research, Faculty of Health and 
Medical Sciences, University of Copenhagen, Copenhagen, Denmark.

Background and aims: Glucagon has key metabolic functions in peripheral 
organs by signalling through the glucagon receptor (GCGR). Altered GCGR 
signaling contributes to diabetes. Treatment with dual glucagon-GLP-1 co-
agonist improves glycemic control, reduces body weight and hepatic stea-
tosis. However, limited is known about glucagon function and presence in 
the brain and how such may contribute to the metabolic benefits observed 
with glucagon co-agonism. There are five main brain barrier interfaces 
including the blood-brain barrier, the blood-CSF barrier, circumventricular 
organs, ependyma and the meningeal barrier. These interfaces secure a stable 
environment and control transport of most substances into and out of the 
brain. Recent evidence implicates brain barrier interfaces (circumventricular 
organs) and astrocytes in brain control of body metabolism. Here we investi-
gated the potential role of GCGR in brain barrier interfaces.
Materials and methods: High quality human fetal brain samples from 
early and mid-gestation and fetal and adult mouse brain were provided 
from the Copenhagen University Embryonic/Fetal Biobank, Depart-
ment of Cellular and Molecular Medicine, University of Copenhagen, 
Denmark. Immunohistochemistry was performed using a polyclonal 
anti-GCGR antibody (ab75240, Abcam) that has recently been meticu-
lously validated in various tissues, albeit not in brain tissue.
Results: GCGR stainings in human developing brain reveal GCGR 
immunoexpression in choroid plexus epithelial cells (blood-CSF 
barrier), the subcommisural organ and tanycytes (circumventricular 
organs), ependymal cells including their cilia and in radial glial cells, 
that contribute to the meningeal barrier. GCGR is also found in other 
cell types, including subgroups of astrocytes. Adult mouse brain pre-
sents with similar findings of GCGR in choroid plexus epithelial cells, 
ependyma, circumventricular organs and subgroups of glial cells.
Conclusion: GCGR immunoexpression in multiple brain barrier inter-
faces suggests that glucagon conveys signals to the brain through these 
routes and thereby that treatment with glucagon co-agonist may modu-
late body homeostasis through brain GCGR signaling. Whether this 
impacts brain and/or systemic metabolism or have other functions is cur-
rently being explored. Given that glucagon is an essential regulator of 
glycogenolysis in liver, GCGR staining of known glycogen-filled cells, 
such as choroid plexus epithelial cells, astrocytes and radial glial cells 
in developing brain could suggest glucagon to be involved in nutrient 
supply to the growing fetal brain. Presented findings are, however, pre-
liminary and require validation through antibody independent methods.
Supported by: NJWA is supported by the EFSD/NNF Future Leaders 
Award (NNF21SA0072746)
Disclosure: C. Bjørnbak Holst: Grants; Vera and Carl Johan 
Michaelsens Legat.
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Azgp1 signalling in POMC neurons confers protection against 
diet-induced obesity and hepatic steatosis
S. Qiu1,2, G.  Yang1, M.  Yang1, L.  Li2;
1Department of Endocrinology, the Second Affiliated Hospital, Chong-
qing Medical University, Chongqing, 400010, China, chongqing, 



S271Diabetologia (2023) 66 (Suppl 1):S1–S536 

1 3

China, 2Department of Clinical Biochemistry and the Key Labora-
tory of Laboratory Medical Diagnostics in the Ministry of Education, 
Chongqing, 400016, China, Chongqing, China.

Background and aims: Obesity is primarily caused by an imbalance 
between energy intake and consumption, which is mainly controlled 
by the central nervous system, especially the hypothalamus. Proopi-
omelanocortin (POMC) and neuropeptide Y (NPY)/agouti-related pep-
tide (AgRP) neurons play an important role in controlling food intake 
and energy homeostasis in the hypothalamic. Zinc-alpha2-glycoprotein 
(Azgp1) is a 43-kDa protein that was initially isolated from humans, with 
its gene located on chromosome 7q22.1 and expressed in various tissues 
and organs in rodents, such as liver, fat and adipose tissue. Although 
many physiological functions of Azgp1 have been discovered, the regu-
latory effect of endogenous Azgp1 in the brain on energy metabolism 
remains unknown. Herein, we investigated the effect of Azgp1 in POMC 
neurons on whole-body metabolism and the underlying mechanism.
Materials and methods: We utilised an array of genetically engi-
neered mice (Azgp1fl/fl, STAT3fl/fl, FoxO1fl/fl, ob/ob) and genetically 
common-used mice (POMC-CreER, AgRP-Cre, Ob/Rb-Cre, AI9 (tdTo-
mato) reporter mice) to investigate the effect of AZGP1 on energy and 
glucose metabolism. All mice were subjected to either a normal-chow 
diet (NCD) or a high-fat diet (HFD). The phenotypic changes in body 
weight, glucose metabolism, insulin sensitivity and energy expenditure 
were examined. The central impact of AZGP1 deficiency on hypotha-
lamic leptin signaling as well as glucose homeostasis were examined via 
intracerebral ventricular delivery of leptin in the mice. The interaction 
between AZGP1 and AGK was analyzed by CO-IP , and the regulation 
of AZGP1 on AGK protein degradation was analyzed by ubiquitination.
Results: Our study found that under HFD feeding, POMC-specific Azgp1 
overexpression significantly improved energy metabolism, leptin and insu-
lin resistance, and promoted adipose tissue browning and thermogenesis. 
Mice with POMC-specific Azgp1 overexpression were less susceptible to 
developing diet-induced obesity , whereas inducible deletion of Azgp1 in 
POMC neurons led to a completely opposite phenotype. Azgp1 signaling 
in the hypothalamus facilitated leptin-mediated STAT3 phosphorylation 
and increased the excitability of POMC neurons. Mechanistically, AZGP1 
regulates leptin-JAK2-STAT3 signaling by interacting with acylglycerol 
kinase (AGK). Azgp1 interact with AGK and promoted its degradation.
Conclusion: Collectively, our findings demonstrate a novel function 
of Azgp1 in energy homeostasis and glucose and lipid metabolism 
regulation in hypothalamic POMC neurons.
Supported by: The National Natural Science Foundation of China (No, 
82170816), China Postdoctoral Science Foundation (2022MD713711)
Disclosure: S. Qiu: None.
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Central p62 contributes to peripheral energy metabolic balance 
and homeostasis via STAT3-POMC signalling
S. Yang1, L.  Li2, G.  Yang1;
1Department of Endocrinology, the Second Affiliated Hospital, 
Chongqing Medical University, Chongqing, China, 2Key Laboratory 
of Diagnostic Medicine (Ministry of Education), College of Labora-
tory Medicine, Chongqing Medical University, Chongqing, China.

Background and aims: p62 is a cytoplasmic endosome-related 
protein that has been shown to be involved in glucose and lipid 
metabolism, such as adipogenesis, insulin signaling, adipose tissue 
browning, and thermogenesis. However, the role of p62 in the hypo-
thalamus, a metabolic regulation center, has not been studied. The 
aim of this study was to investigate the role of p62 in metabolism-
sensing neurons of hypothalamus on systemic energy homeostasis.
Materials and methods: First, we bilaterally injected adeno-associated 
virus (AAV)9-GFP or AAV9-p62 into the mediobasal hypothalamus 

(MBH) of NCD- or high-fat diet (HFD)-fed wild-type (WT) mice to 
overexpress p62 in the hypothalamus. Then, peripheral metabolic phe-
notypes and central neurons associated with energy metabolism were 
detected. Next, to further explore the relationship between central p62 
and peripheral energy metabolism, systemic p62 knockout (p62KO) 
mice were constructed. We only re-expression p62 in the arcuate nucleus 
(ARC) region of p62KO mice to observe changes in peripheral pheno-
types and central associated neurons. Through the above experiments, 
pro-opiomelanocortin (POMC) neurons showed the most dramatic 
changes in hypothalamus. Finally, to verify whether p62 plays a role in 
improving peripheral energy metabolism through POMC neurons, mouse 
models of p62 specific knockout and overexpression on POMC neurons 
were constructed, and the metabolic phenotypes were also detected.
Results: We found that overexpression of p62 in MBH increased the 
expression of POMC neurons in the ARC, both in NCD- and HFD-fed 
WT mice. Besides, hypothalamic MBH injection of AAV9-p62 signifi-
cantly reduced food intake, body weight, blood glucose, improved energy 
metabolism and insulin resistance compared with AAV9-GFP-infected 
WT mice when fed either a NCD or HFD. Immunofluorescence staining 
found that p62 overexpression in MBH led to an increase in phosphoryl-
ated STAT3 (p-STAT3) levels, while other metabolism-related signaling 
pathways remained unchanged. Similarly, p62 re-expression in the MBH 
increased energy expenditure and ameliorated systemic metabolism in 
p62KO mice fed either a NCD or HFD. Accordingly, POMC expression 
and STAT3 phosphorylation were significantly increased in the ARC 
of the p62KO mice treated with AVV9-p62. Furthermore, selective 
overexpression of p62 in POMC neurons facilitated energy expenditure, 
improved systemic metabolism and increased p-STAT3 levels in ARC 
both in NCD- and HFD-fed mice. Conversely, when fed either a NCD 
or HFD, inducible loss of p62 in POMC neurons resulted in decreased 
energy expenditure and exacerbated metabolic dysfunction accompanied 
by downregulation of STAT3 phosphorylation.
Conclusion: Our data indicate that the p62-pSTAT3 pathway 
modulates POMC expression and thus contributes to the regulation 
of energy homeostasis and glucose and lipid metabolism in vivo. 
Besides, the function of p62 on energy homeostasis is not influenced 
by environmental factors (HFD).
Supported by: National Natural Science Foundation of China 
No.82270853 and 82170816
Disclosure: S. Yang: None.
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Hypothalamic GPC4 and its N-glycosylation regulate feeding and 
energy metabolism through IR/AKT/FoxO1 signalling pathway
X. Xia1,2, L.  Li2, G.  Yang1;
1Department of Endocrinology, The Second Affiliated Hospital, 
Chongqing Medical University, Chongqing, China, 2Key Laboratory 
of Diagnostic Medicine (Ministry of Education), College of Labora-
tory Medicine, Chongqing Medical University, Chongqing, China.

Background and aims: Glypcian 4 (GPC4) has been shown to be 
closely associated with glucolipid metabolism, and the adipose-
secreting factor GPC4 ranks 4th in tissue communication between 
adiposity and hypothalamus, suggesting that GPC4 may be involved 
in the regulation of peripheral metabolism in the hypothalamus. 
Thus, this study was designed to investigate in both vivo and vitro the 
impact of central GPC4 and its N-glycosylation on energy metabo-
lism and the involved signal pathways.
Materials and methods: Rat Brain tissues were analyzed by tandem 
mass spectrometry to explore the interacting proteins of GPC4. HFD-fed 
C57 mice were upregulated GPC4 in hypothalamus by injecting AAV-
GPC4 or AAV-GFP, then hypothalamic tissues were taken for RNA-seq. 
GPC4 knockout (GPC4 KO) mice were constructed to explore the effect 
of GPC4 knockout in the center. GPC4 KO mice were injected with 
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AAV-GPC4 or AAV-GFP in hypothalamus to explore the changes in 
body weight and metabolism-related indexes. AgRP-cre mice and AgRP 
neuron FoxO1 gene specific knockout (AgRP-FoxO1 KO) mice were 
injected with AAV-DIO-GPC4 or AAV-DIO-GFP, to explore whether 
GPC4 is regulated through the FoxO1/AgRP pathway. In vitro, SH-SY5Y 
cells were transfected with Ad-GPC4 to explore the effect of GPC4 and 
its N-glycosylation regulation on the IR/AKT/FoxO1 signaling pathway.
Results: Mass spectrometry data KEGG analysis revealed that GPC4 
interacting proteins were enriched in insulin resistance pathway, FoxO 
signaling pathway and RNA-seq analysis of hypothalamus overexpressing 
GPC4 revealed that PI3K/AKT signaling pathway was enriched. GPC4 
KO mice exhibited a series of metabolic improvements such as weight 
loss. After restoration of GPC4 overexpression in the hypothalamus, 
GPC4 KO mice exhibited increased body weight, feeding, and suppressed 
peripheral metabolism. AgRP-FoxO1 KO mice relieved the excitatory 
effects of GPC4 on AgRP neurons. After upregulated GPC4 in SH-SY5Y 
cells, the IR/AKT/FoxO1 signaling pathway showed inhibition effects and 
the levels of FoxO1 intranuclear protein increased compared to the control 
group. However, After mutation of the N-glycosylation site of GPC4, 
the IR/AKT/FoxO1 signaling pathway showed activation effects and the 
levels of FoxO1 intranuclear protein also decreased.
Conclusion: Hypothalamic GPC4 inhibits feeding and peripheral 
energy metabolism via the IR/AKT/FoxO1 signaling pathway, and 
this effect of GPC4 is regulated by its N-glycosylation
Supported by: National Natural Science Foundation of China 
82270853
Disclosure: X. Xia: None.
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The role of sodium-glucose cotransporter-2 inhibitors in the 
hypothalamic control of energy homeostasis
D. Yi;
Department of Internal Medicine, Pusan National University Yangsan 
Hospital, Yangsan, Republic of Korea.

Background and aims: Sodium-glucose cotransporter-2 (SGLT2) inhibi-
tors are known as hypoglycemic drugs that can regulate plasma glucose 
levels by inhibiting renal glucose reabsorption in patients with type 2 dia-
betes mellitus (T2DM). Recent studies have also highlighted their benefi-
cial effects on other factors, such as blood pressure, arterial stiffness, albu-
minuria, blood lipid levels, and body weight in T2DM patients. In addition, 
SGLT2 inhibitors have been reported to increase energy expenditure, pro-
mote adipose tissue browning, and affect hormone secretion, including 
leptin. The hypothalamic neuroendocrine system, which includes insulin 
and leptin, plays a crucial role in regulating energy homeostasis. Although 
the presence and roles of SGLT2 in the central nervous system were not 
clearly understood, we aimed to investigate the potential functions of 
SGLT2 inhibitors in energy homeostasis in the hypothalamus in this study.
Materials and methods: To investigate the role of SGLT2 inhibi-
tor in the hypothalamus, we performed intracerebroventricular (icv) 
injections of empagliflozin, a type of SGLT2 inhibitor, into the ven-
tricle in mice. The icv cannula was secured to the skull with dental 
cement and the mice were allowed 7 days of recovery before being 
injected with vehicle or empagliflozin (50 nM/2 μl). The hypothala-
mus was dissected from the brain 6 h and 24 h after the injection of 
empagliflozin, and the expression of pro-opiomelanocortin (Pomc), 
c-Fos, and Forkhead box protein O1 (FoxO1) mRNA in the hypo-
thalamus was analyzed using real-time PCR.
Results: Our results showed that the icv injection of empagliflozin regu-
lates the expression of anorexigenic Pomc and c-Fos mRNA in the hypo-
thalamus. The expression of both molecules increased gradually following 
an empagliflozin injection, with a 268% increase in Pomc mRNA and a 
279% increase in c-Fos mRNA with a 50 nM empagliflozin dose. Addi-
tionally, the expression of FoxO1 mRNA, an important transcriptional 

regulator that controls Pomc and Agouti-related protein (Agrp) neurons in 
the hypothalamus, decreased by 77.8% at a 50 nM empagliflozin injection.
Conclusion: These results suggest that SGLT2 inhibitors may play a 
role in regulating energy homeostasis through the transcription factor 
FoxO1 and Pomc neurons.
Disclosure: D. Yi: None.
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Reduced hypothalamic leptin signalling leads to hepatic steatosis, 
insulin and glucagon resistance, and hyperglucagonaemia in adult 
rats
N. Gallardo1, C.  Pintado2, L.  Mazuecos3, Ó. Gómez2, B.  Merino4, E. 
Burgos-Ramos2, E. Casanueva-Álvarez4, S.  Artigas1, M.  Villar3, E. 
Moltó2, G.  Perdomo4, I. Cózar-Castellano4, C.  Arribas2, E. Bernal-
Mizrachi5, A. Andrés1;
1Dept. of Biochemistry, CRIB, University de Castilla - La Mancha/
CRIB, Ciudad Real, Spain, 2Dept. of Biochemistry, CRIB, University 
de Castilla - La Mancha/CRIB, Toledo, Spain, 3Dept. of Biochemis-
try, CRIB, University de Castilla - La Mancha/IREC-CSIC-JCCM, 
Ciudad Real, Spain, 4University de Valladolid-CSIC/Unidad de 
Excelencia IBGM, Valladolid, Spain, 5University of Miami/Divi-
sion of Endocrinology, Metabolism, and Diabetes, Miami, FL, USA.

Background and aims: It is known that leptin can reduce circulating 
glucagon levels in leptin deficient and STZ-diabetic rodent models 
characterized by hyperglucagonemia. Nevertheless, less is known about 
the early consequences of a reduced central leptin signalling on regulat-
ing glucagon activity in adult rats. We aim to delineate the underlying 
mechanisms that connect an insufficient central leptin signalling with 
liver metabolism and pancreatic alpha cell function, which can lead to 
alterations on whole-body glucose homeostasis in adult rats.
Materials and methods: 3-months-old Wistar rats fed ad libitum were 
randomly assigned in two groups: control rats infused “in vivo” with 
saline (PBS) (n=26) or rats infused with a leptin antagonist (SLA) (0.2 
μg/day) (n=26) via intracerebroventricular minipump insertion for 21 
days. On day 0, rats were individually housed in metabolic cages and 
maintained for 21 days measuring daily BW and FI. On day 21 and 
before sacrifice, one group of rats infused with PBS or SLA (n=16 per 
group) were centrally injected with PBS (n=8) or 20 ng of rat leptin 
(n=8) for 30 min before rats were euthanatized. To evaluate alterations 
in glucose homeostasis, on day 21 we performed an IPGTT for 120 min 
(2g glucose/kg) (n=4 per group) or a glucagon challenge (100 microg/
kg, i.p.) for 30 min (n=4 per group) in rats infused with PBS or SLA after 
fasting for 16 h. Pancreas histomorphometry (n=6 per group) and gluca-
gon content (n=6 per group) were also analysed. Hypothalamus, visceral 
adipose tissue, and liver were dissected and snap frozen in liquid nitrogen 
for subsequent analysis. Serum levels were using rat specific ELISA kits.
Results: Acute central leptin infusion increased the hypothalamic STAT3 
phosphorylation by ~2.0-fold in PBS vs ~1.2 fold in SLA treated rats, 
supporting the reduction of central leptin signalling upon chronic SLA 
administration. SLA increased food intake, body weight, visceral adipos-
ity, and the hepatic TAG content (9±1.0 mg/g tissue in PBS vs 16.8±2.2 
mg/g tissue) in SLA-infused rats. SLA infusion induced pancreatic alpha 
cell hyperplasia by ~1.8-fold, hyperglucagonemia (13.38±3.5 pmol/l in 
PBS vs 25.32±4.2 pmol/l in SLA; p=0.04) and increased pancreatic 
glucagon content (1331±158 pg/g vs 2047±217; p=0.03). In addition, 
acute central leptin treatment reduced serum glucagon levels in PBS 
(1.13±0.2 pmol/l) but not in SLA infused rats (16.72±4.2 pmol/l). 
Finally, analysis of glucose responses after glucose and glucagon injec-
tion showed that SLA alters glucose homeostasis and glucagon action.
Conclusion: Our results support that hepatic steatosis secondary to 
insufficient hypothalamic leptin signalling disrupt hepatic glucagon 
signalling favouring alpha-cell hyperplasia and hyperglucagonemia 
in adult rats.
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Deletion of p38α in POMC neurons ameliorates obesity via 
increasing adipose thermogenesis
J. Wang, S. Wu, Y. Ge, H. Zhan, W. Bi, L. Peng, Y. Xu, Y. Liang, X. 
Jin, J. Zhao, L. Gao, Z. He;
Shandong Provincial Hospital, Jinan, China.

Background and aims: Hypothalamic pro-opiomelanocortin (POMC) 
neurons regulate energy expenditure and food intake. As a stress-
activated kinase, p38α in preoptic area has been associated with 
cold-induced adipose thermogenesis in our previous study. However, 
whether p38α signaling in the hypothalamic POMC neurons is associ-
ated with the development of obesity is still unknown.
Materials and methods: p38α overexpression in POMC neurons was 
performed by stereotaxic injection of AAV9-p38α-GFP into the ARC of 
POMC-Cre mice. POMC neurons specific knockout p38α mice(POMC-
p38α-/-) was generated by crossing POMC-Cre transgenic mice with 
p38αflox/flox mice, and wild-type mice (p38α+/+) were used as controls. The 
metabolic parameters, food intake, energy expenditure and sympathetic 
activity in adipose tissue of mice were analyzed. In addition, POMC-
p38αD176A-F327S mice were generated by POMC-Cre mice crossing with 
p38αD176A-F327S/flox/flox mice, and wild-type mice were used as controls.
Results: The deficiency of p38α in the POMC neurons dramatically decreased 
body weight (p <0.05, two-way repeated-measures ANOVA), led to a reduction 
in fat mass(POMC-p38α-/- vs. control: 8.42±3.70 vs.11.49±2.64, p <0.05) and 
increased insulin sensitivity(p <0.05, two-way repeated-measures ANOVA). 
Consistently, POMC-p38α-/- mice exhibited an significantly increased energy 
expenditure due to a markedly increase in BAT thermogenesis(POMC-
p38α-/- vs. control: UCP1: 1.63±0.14 vs.1.00±0.28, p <0.05) and white fat 
browning(POMC-p38α-/- vs. control:UCP1 2.01±0.37 vs.1.00±0.31, p 
<0.05), accompanied by elevated TH expression in BAT(POMC-p38α-/- vs. 
control:1.42±0.19 vs.1.00±0.06, p <0.05) and iWAT(POMC-p38α-/- vs. con-
trol:1.83±0.59 vs.1.00±0.26, p <0.05). Furthermore, the increased energy 
expenditure of POMC-p38α-/- mice was reversed when treated with a β3 
receptor antagonist, and then reappeared when treated with solvent. Conversely, 
overexpression of p38α in POMC neurons significantly increased body weight 
gain (p <0.05, two-way repeated-measures ANOVA) and decreased the expres-
sion of UCP1 and TH in BAT (overexpression vs. control: UCP1:0.64±0.18 
vs1.00±0.12, p <0.05;TH:0.62±0.10 vs.1.00±0.17, p <0.05). In addition, acti-
vated p38α in the POMC neurons increased body weight compared to control 
mice(p <0.05, two-way repeated-measures ANOVA).
Conclusion: These results demonstrate that deficiency of p38α in 
hypothalamic POMC neurons ameliorates the development of obesity 
at least in part due to increasing adipose thermogenesis.
Supported by: NSFC Grants
Disclosure: J. Wang: None.
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Defective branched-chain amino acids catabolism in the hypo-
thalamus leads to adiposity
X. Ming1, M.  Yuan1, J.  Tan1, J.  Hong1, J.  Wang1, G.  Ning1, W. 
 Wang1, H.  Sun2, L.  Zhou1, X.  Wang1;
1Shanghai Institute of Endocrine and Metabolic Diseases, Ruijin Hos-
pital, Shanghai Jiaotong University School of Medicine, Shanghai, 
China, 2Tianjin Key Laboratory of Metabolic Diseases, Center for 
Cardiovascular Diseases, Chu Hsien-I Memorial Hospital & Tianjin 
Institute of Endocrinology, Tianjin Medical University, Tianjin, China.

Background and aims: Impaired branched-chain amino acid 
(BCAA) catabolism in peripheral tissues contributes to metabolic 
abnormality. However, the role of hypothalamic BCAA catabolism 
in the maintenance of energy homeostasis remains elusive.
Materials and methods: Branched-chain ketoacid dehydrogenase 
(BCKDH) is the rate-limiting enzyme for BCAA catabolism. To deter-
mine the role of hypothalamic BCAA catabolism in the regulation 
of energy homeostasis, we generated mice lacking the E1α subunit 
(BCKDHA) in the hypothalamus by conducting rat insulin-2 promoter-
mediated deletion of branched-chain keto acid dehydrogenase E1α 
subunit (Bckdhaf/f;RIP-Cre mice) and conducted metabolic phenotyping.
Results: We found that BCKDHA was enriched in hypothalamic neu-
rons, with the most abundant expression found in the paraventricular 
nucleus (PVN), followed by the arcuate nucleus (ARC) and ventrome-
dial nucleus (VMH). We generated Bckdhaf/f;RIP-Cre mice lacking BCK-
DHA selectively in the hypothalamic neurons. Bckdhaf/f;RIP-Cre mice 
showed a considerably higher fat mass and lower lean mass compared 
with their Bckdhaf/f and RIP-Cre littermates, without significant change 
in body weight. The whole-body oxygen consumption  (VO2), carbon 
dioxide production  (VCO2), and energy expenditure in Bckdhaf/f;RIP-Cre 
mice were decreased, while the respiratory exchange ratio (RER) was 
increased at the onset of the active period, suggesting a reduction in 
utilizing fat. Food intake and locomotor activity remained unchanged. 
Cold-induced inguinal white adipose tissue beiging was impaired in 
Bckdhaf/f;RIP-Cre mice, with larger adipocyte size and fewer mitochondrial 
content, compared with Bckdhaf/f;RIP-Cre mice (unpaired t tests, repeated-
measures two-way ANOVA and one-way ANOVA were used, followed 
by a Fisher’s LSD test).
Conclusion: This is the first study to reveal the link of hypothalamic 
BCAA catabolism to adipose tissue homeostasis, which greatly expands 
our understanding of how amino acids regulate systemic lipid metabolism.

Supported by: National Key Research and Development Program of 
China (2018YFC2000700 and 2019YFA0802503)
Disclosure: X. Ming: None.
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Exercise as weight loss maintenance strategy increases postpran-
dial secretion of glucagon-like peptide 1
J. Holt1, S.B.K.  Jensen1, R.M.  Sandsdal1, S.  Byberg1, C.R.  Juhl1, 
C.  Janus1,2, M.H.  Noer1, J.R.  Lundgren1, A.  Andresen1, B.M. 
 Stallknecht1, J.J.  Holst1,3, S.  Madsbad4, S.S.  Torekov1;
1Department of Biomedical Sciences, University of Copenhagen, Køben-
havn N, Denmark, 2Danish Diabetes Academy, Odense University Hos-
pital, Odense, Denmark, 3NNF Center for Basic Metabolic Research, 
University of Copenhagen, Copenhagen, Denmark, 4Department of 
Endocrinology, Hvidovre University Hospital, Hvidovre, Denmark.

Background and aims: Weight regain after weight loss is an obsta-
cle in obesity treatment which may involve insufficient postprandial 
response of the appetite-inhibiting hormones GLP-1 and PYY. There-
fore, we investigated if an exercise program as weight maintenance 
strategy can alleviate appetite-control by improving postprandial 
secretion of GLP-1 and PYY.
Materials and methods: This was a randomized, placebo-controlled 
study. Data analysis included 165 participants with obesity. Partici-
pants lost 13 kg body weight with low calorie diet (LCD) and were 
then randomized to one-year treatment of moderate to vigorous exer-
cise program (minimum of 150 min/week of moderate-intensity or 75 
min/week of vigorous-intensity aerobic physical activity or an equiva-
lent combination of both) or placebo. Mixed meal tests (600 kcal) 
were performed immediately before and after the low-calorie diet and 
after one year of intervention. GLP-1 was measured with an in-house 
developed radioimmunoassay directed at the C-terminal thus measur-
ing total GLP-1. Total PYY was measured with Sandwich ELISA.
Results: After one year, the exercise group had maintained weight 
loss, in contrast to weight regain in the placebo group. Diet-induced 
weight loss decreased fasting levels of PYY by 22% (p<0.0001), with 
no change in fasting GLP-1, but increased meal-induced incremental 
area under the curve (iAUC) of GLP-1 and PYY by 17% (p<0.05) 
and 43% (p<0.0001), respectively. After 1 year of exercise program 
the postprandial iAUC GLP-1 response further increased by 58% 
(p<0.01), compared to no change in the placebo group. The one-year 
interventions did not affect postprandial PYY.
Conclusion: Diet-induced weight loss decreased overall basal levels 
of PYY indicating increased hunger in response to weight loss.. A 
subsequently one-year exercise program, which led to maintained 
weight loss, substantially further increased postprandial GLP-1 
response. Thus, appetite-inhibition induced by 60% increased GLP-1 
levels during exercise program may be an important contributor to 
prevent weight regain after weight loss.
Clinical Trial Registration Number: EudraCT number, 2015-005585-
32. opens in new tab; ClinicalTrials.gov number, NCT04122716
Supported by: NNF, DDA, Novo Nordisk, Cambridge Weight Plan, 
Helsefonden.
Disclosure: J. Holt: None.

541
A human enteroid model for study the mechenisms of GLP-1 
secretion in obesity and type 2 diabetes
A. Ribeiro1, C.  Osinski1, P. Martinez-Oca1, C.  Rouault1, L.  Genser1,2, 
K. Clément1,3, P.  Serradas1;
1NutriOmics - Nutrition and obesities: systemic approaches, Sor-
bonne University, INSERM, Paris, France, 2Hepato-Biliary-Pancre-
atic Gastrointestinal Surgery and Liver Transplantation, Assistance 
Publique/Hôpitaux de Paris, Paris, France, 3Nutrition department, 
Assistance Publique/Hôpitaux de Paris, Paris, France.

Background and aims: Obesity and type 2 diabetes (T2D) are asso-
ciated with impaired intestinal hormone secretion such as GLP-1. 
However, the mechanisms are not fully understood. We previously 
showed that T2D is associated with reduced GLP-1 cell differentia-
tion and proglucagon maturation leading to low GLP-1-cell density in 
human obesity. Moreover, T2D and obesity also alter the sweet taste 
signaling pathway, involved in GLP1 secretion in response to glucose 
. These modifications could contribute to impaired GLP-1 secretion in 
metabolic diseases. Our goal is to understand how metabolic diseases 
in humans, i.e. obesity and T2D, affect GLP-1+ cells and hormone 
secretion. To answer this question, we use an enteroid model that 
reconstitutes a simplified intestinal epithelium ex vivo.
Materials and methods: Jejunum samples were collected from obese 
subjects, either with normoglycemia, glucose intolerance or with 
TD2, during gastric bypass procedure. Enteroids were obtained from 
the jejunal crypts and were cultivated in 3D using Matrigel, mimick-
ing the extracellular matrix. Gene and protein expression analysis 
provided insight into the cellular composition of enteroids. The line-
age of the rare enteroendocrine cells, was promoted by the use of the 
DAPT, an inhibitor of the Notch pathway. Active GLP-1 secretion was 
assessed in response to glucose and others secretagogues. Inhibitor 
of the glucose transporter SGLT1 was also used.
Results: In the enteroids from subjects with metabolic diseases all 
intestinal epithelial cells were present: enterocytes, mucus secreting 
cells, Paneth cells and enteroendocrine cells. Furthermore, entero-
hormones were expressed with a similar expression gradient than in 
vivo, i.e GIP > GCG (encoding GLP-1 in intestine) > PYY. When 
the enteroendocrine cell lineage was promoted, active GLP-1 secre-
tion was increased in the response to high glucose concentration and 
others secretagogues. The secretion of this enterohormone could be 
modulated by inhibiting the glucose transport.
Conclusion: In conclusion, we obtained enteroids from individuals 
with different obesity phenotypes (normoglycemia, glucose intolerance 
and T2D). Our human enteroid model allows us to modulate enter-
oendocrine cell lineage and GLP-1 secretion. Human enteroids are a 
suitable model for testing candidates that increase GLP-1 secretion.
Supported by: Sorbonne université, INSERM, AP-HP, MSDAVENIR, 
Institut Benjamin Delessert
Disclosure: A. Ribeiro: None.

542
Efficacy and safety of tirzepatide once weekly in Chinese participants 
with obesity or with overweight and weight-related comorbidities
L. Zhao1, Z.  Cheng2, Y.  Lu3, M.  Liu4, H.  Chen5, M.  Zhang6, R. 
 Wang7, Y.  Wang7, Y.  Yuan7, X.  Li1;
1Department of Endocrinology and Metabolism, Zhongshan Hospi-
tal, Fudan University, Shanghai, China, 2Department of Endocrinol-
ogy, Fourth Affiliated Hospital of Harbin Medical University, Harbin, 
China, 3Department of Endocrinology, The Second Affiliated Hospi-
tal of Nanjing Medical University, Nanjing, China, 4Department of 
Endocrinology and Metabolism, Tianjin Medical University General 
Hospital, Tianjin, China, 5Department of Endocrinology, Zhujiang 
Hospital, Southern Medical University, Guangzhou, China, 6Depart-
ment of Endocrinology and Metabolism, Qingpu Branch of Zhongshan 
Hospital Affiliated with Fudan University, Shanghai, China, 7Eli Lilly 
and Company, Indianapolis, IN, USA.

Background and aims: Tirzepatide (TZP), a novel glucose-dependent 
insulinotropic polypeptide and glucagon-like peptide-1 receptor ago-
nist, has demonstrated efficacy and safety in weight management in 
mainly white population with obesity. Based on the BMI cutoff points 
for obesity and overweight in China, which are relatively lower, we 
studied the effect of TZP in Chinese adults with obesity or with over-
weight and weight-related comorbidities.

http://clinicaltrials.gov
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Materials and methods: According to Chinese criteria, our rand-
omized, double-blind, phase 3 study enrolled 210 Chinese adults with 
a BMI≥28 kg/m2, or with a BMI ≥24 kg/m2 and ≥1 weight-related 
comorbidities, excluding diabetes. Participants (Ps) were randomly 
assigned (1:1:1) to receive once weekly (QW) TZP 10 mg or 15 mg 
or placebo (PLB) for 52 weeks, including a 20-week dose-escalation 
period. The co-primary endpoints included mean percentage change 
in weight and proportion of Ps with ≥5% weight loss from baseline 
at week 52. Treatment difference was assessed with mixed model 
repeated measures or logistic regression using the data from the on-
treatment period.
Results: At baseline, Ps had a mean body weight of 91.8 kg, BMI 
of 32.3 kg/m2, and waist circumference of 104.8 cm. At week 52, 
the mean percentage change in weight from baseline was -14.4% 
and -19.9%, respectively, with TZP 10 mg and 15 mg vs -2.4% with 
PLB, with treatment differences of -12.0% (95% confidence interval 
[CI], -14.8 to -9.3; p<0.001) and -17.5% (95% CI, -20.3 to -14.8; 
p<0.001). At week 20, greater weight loss from baseline was with 
TZP vs with PLB. TZP vs PLB showed higher proportions of Ps 
achieving ≥5% (TZP 10 mg, 91.4%; TZP 15 mg, 92.7%; PLB, 29.4%), 
≥10%, and ≥15% weight loss at week 52 (Table 1). Greater reduction 
in waist circumference from baseline at week 52 was with TZP vs 
with PLB. The most frequently reported treatment-emergent adverse 
events (AEs) with TZP were gastrointestinal, which were mostly mild 
to moderate in severity and occurred mainly during dose escalation. 
AEs caused treatment discontinuation in 2.9%, 7.0%, and 1.4% of Ps 
with TZP 10 mg, TZP 15 mg, and PLB, respectively.
Conclusion: TZP 10 mg and 15 mg QW provided a substantial and 
clinically meaningful weight loss in Chinese adults with obesity or 
with overweight and weight-related comorbidities.

Clinical Trial Registration Number: NCT05024032
Supported by: Eli Lilly and Company
Disclosure: L. Zhao: None.

543
Exercise combined with GLP-1 receptor agonist preserves bone 
mineral density during weight loss maintenance
R. Sandsdal1, S.  Jensen1, V. Sørensen2, E.  Lehmann1, J.  Lundgren1, 
C.  Juhl1, C.  Janus1, T.  Justinussen3, B.  Stallknecht1, J.  Holst1, N. 
Jørgensen4, J.-E.  Jensen3, S.  Madsbad3, S.  Torekov1;
1Department of Biomedical Sciences, University of Copenhagen, 
Copenhagen, Denmark, 2Mental Health Centre Glostrup, University 
of Copenhagen, Glostrup, Denmark, 3Department of Endocrinology, 
Hvidovre University Hospital, Copenhagen, Denmark, 4Department 
of Clinical Biochemistry, Rigshospitalet, Copenhagen, Denmark
.
Background and aims: Weight loss reduces obesity-related comor-
bidities, including type 2 diabetes. However, a major concern with 
weight loss is concomitant bone loss, and, thereby, increased fracture 
risk. Exercise and glucagon-like peptide-1 receptor agonists (GLP-1 
RAs) represent weight loss management strategies that may also pro-
tect bone mass. Therefore, the aim of this study was to investigate 
changes in bone health during a diet-induced weight loss followed by 
a one-year weight maintenance intervention with liraglutide, exercise, 
or the combination of both compared with a placebo group.
Materials and methods: In this randomized, controlled trial, 195 
participants with obesity (BMI 32-43 kg/m2) lost 13 kg body weight 
during an 8-week low-calorie diet (800 kcal/day). Participants were 
then evenly randomized to four arms of one-year weight mainte-
nance treatment with: placebo, moderate-to-vigorous intensity exer-
cise (minimum of 150 min/week of moderate-intensity or 75 min/
week of vigorous-intensity aerobic physical activity or an equivalent 
combination of both), the GLP-1 RA liraglutide 3.0 mg/day, or a 
combination of exercise and liraglutide. We assessed whole-body 
and site-specific bone mineral density (BMD) via dual-energy x-ray 
absorptiometry before the low-calorie diet (week -8) and after 52 
weeks of weight maintenance. Changes are presented as estimated 
mean±standard error of the mean in the intention-to-treat popula-
tion using a mixed linear model.
Results: Exercise or liraglutide treatment alone maintained thediet-
induced weight loss; the combination treatment led to additional 
weightloss to a total of 17 kg, while those treated with placebo 
regainedapproximately 6 kg body weight. The combination and lira-
glutide treatment aloneincreased whole-body BMD compared with 
placebo (see Figure A). Hip andspine BMD was preserved with the 
combination treatment and exercise treatmentalone but decreased 
with liraglutide alone compared with placebo (see Figure B).
Conclusion: Our results show that the combination of exercise and 
liraglutide is an effective and safe strategy for weight loss mainte-
nance while preserving bone mass.
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Clinical Trial Registration Number: NCT04122716
Supported by: NNF grant (NNF16OC0019968 and NNF15CC0018486), 
NNF CMBR grant, Helsefonden, UCPH, DDA, Novo Nordisk A/S, Cam-
bridge Weight Plan
Disclosure: R. Sandsdal: Stock/Shareholding; Family member holds 
stocks at Novo Nordisk A/S.

544
Bile acid, fibroblast growth factor-19, and glucagon-like peptide-1 
levels in the long term after bariatric surgery in patients with 
type 2 diabetes
Y.-B. Ahn, J.-S. Yun, E. Lee, K.-H. Song, J.-H. Han, S.-D. Moon, 
M. Kim;
The Catholic Univ. of Korea, Seoul, Republic of Korea.

Background and aims: Glucagon-like peptide-1(GLP-1) is a hormone often 
measured in the short-term following Roux-en-Y gastric bypass (RYGB) due 
to its elevation and association with improvement of glucose metabolism. 
We examined the durability of this effect in patients with type 2 diabetes 
mellitus (DM) in the long term after RYGB. We also investigated differences 

in secretion of bile acids (BAs) and fibroblast growth factor 19 (FGF-19) 
secretion, recently identified as a potent regulator of glucose metabolism, 
comparing RYGB patients and nonsurgical patients with type 2 DM.
Materials and methods: Obese patients with type 2 DM who had 
received RYGB 10 years ago were enrolled (RYGB group, n=10) and 
a meal tolerance test (MTT) was performed. Patients with type 2 DM 
matched for age, sex, BMI, and glycemic status were evaluated as a 
control group (nonsurgical group, n=4).
Results: Glucose levels during the MTT did not differ between the RYGB 
and nonsurgical group. Insulin, C-peptide and GLP-1 levels during MTT 
were significantly higher in the RYGB group compared with the nonsurgi-
cal group (all P < 0.001). In particular, peak insulin, C-peptide and GLP-1 
levels observed 30-45 min after eating were markedly higher in the RYGB 
group. BA and FGF-19 levels during MTT were higher in the RYGB 
group compared with the nonsurgical group. Peak BAs and FGF-19 levels 
tended to be higher in the RYGB group, albeit not statistically significant.
Conclusion: An enhanced GLP-1 response was noted 10 years after 
RYGB, strongly suggesting a durability of this effect. BAs and FGF-
19 were increased in the RYGB group, but not as much as the pro-
nounced increase in GLP-1 secretion.
Disclosure: Y. Ahn: None.

545
The effects of DPP-4 inhibitors in human macrophages
E. Benetti1, V.  Bordano1, V.  Boscaro1, S.  Cannito2, V.  Altamura1, M. 
 Barberis1, A.  Rosa1, C.  Bocca2, T.  Klein3, C.  Dianzani1;
1Dept. of Science and Drug Technology, University of Turin, Turin, Italy, 
2Dept. of Clinical and Biological Sciences, University of Turin, Turin, 
Italy, 3Boehringer Ingelheim Pharma GmbH & Co., Biberach, Germany.

Background and aims: Dipeptidyl-peptidase (DPP-4) is a serine 
exopeptidase expressed as a transmembrane protein but also as a 
circulating soluble enzyme (sDPP-4). It is present on the surface of 
several types of cells, including those involved in immune response. 
DPP-4 is the pharmacological target of gliptins (DPP-4i), antihy-
perglycemic drugs commonly prescribed for the treatment of type 
2 diabetes mellitus (T2DM). However, the involvement of DPP-4 in 
many cellular processes suggests the existence of pleiotropic phar-
macological effects for gliptins. In particular, it has been proposed 
that DPP-4i could exert anti-inflammatory properties, but their effects 
on macrophages, cells that play a crucial role in the inflammatory 
response, remain to be clarified. This study aimed to evaluate the 
presence of DPP-4 and the effects of two gliptins, linagliptin (L) e 
sitagliptin (S), on human macrophages.
Materials and methods: THP-1 monocytes were differentiated into 
macrophages and polarized in  M1 (LPS + IFN-γ) or  M2 (IL-4 + 
IL-13). DPP-4 expression was evaluated by western-blot, and its 
activity by measuring the cleavage of the specific substrate H-Ala-
Pro-7-amido-4-trifluoromethylcoumarin. Macrophage phenotype 
marker expression was evaluated by Real Time-PCR. Cell migration 
was evaluated by Boyden chamber assay and LDH release induced by 
LPS/ATP in differentiated cells was measured to assess pyroptosis.
Results: DPP-4 activity was detected in all the macrophage phenotypes. 
Notably, the pro-inflammatory  M1 phenotype showed the higher presence 
of sDPP-4 in the conditioned media and Angiotensin II positively modu-
lated its activity (p<0.05). Notably, DPP-4i were able to modulate mac-
rophage polarization and migration. In particular, gliptins induced the gene 
expression of  M2 phenotype markers (CD206: +664.7±107% for L 30 nM 
and +629.8±129.1% for S 3 μM, p<0.001, n=3; CCL22: +161.6±7.0% 
for L and +123.1±24.6% for S, p<0.01, n=3) and concentration-depend-
ently promoted the  M2 migration with a maximum effect at 100 nM for L 
(+85.8±44.03%, p<0.05, n=5) and 10 μM for S (+98.4±46.1%, p<0.01, 
n=5). On the contrary, the ability to migrate of  M1 cells was decreased 
(-45.75±9.4% for L 100 nM, p<0.001 and -18.5±10.6% for S 10 μM, 
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p<0.05, n=4). In addition, we observed that L and S, respectively at 100 
nM and 10 μM, were able to reduce pyroptosis induced by NLRP (nucle-
otide-binding domain and leucine-rich repeat protein)-3 activation.
Conclusion: Our data indicate that DPP-4i may modulate mac-
rophage functions, thus suggesting that the treatment with gliptins 
could have beneficial effects against the low-grade inflammation 
linked to T2DM, with a mechanism independent of glycaemic control.
Supported by: University of Turin RILO
Disclosure: E. Benetti: None.

546
Oral anti-diabetic drugs reverse diabetogenic proteomic signature 
of gut-derived extracelular vesicles
A. Teshima1, E.  Torrejon1, A.  Carvalho1, H.C.  Beck2, R.  Matthiesen1, 
M.P.  Macedo1, R.M. de  Oliveira1;
1iNOVA4Health, NOVA Medical School, Universidade NOVA de Lis-
boa, Lisbon, Portugal, 2Centre for Clinical Proteomics, Department of 
Clinical Biochemistry and Pharmacology, Odense University Hospital, 
Odense, Denmark.

Background and aims: In the pathogenesis of type 2 diabetes (T2D) inter-
organ communication mediated by extracellular vesicles (EVs) impacts on 
disease progress. We unveiled that gut derived EVs (GDE) protein con-
tent reflects the organism’s metabolic state and prediabetic GDE, isolated 
from a high fat diet model, when administered to a healthy animal drive a 
diabetogenic phenotype, resulting in weight gain, glucose intolerance and 
hepatic lipid accumulation. A detailed analysis of GDE proteomic profile 
unveiled that proteins related to lipid metabolism were more abundant 
in the disease model. Surprisingly, a family of acyl-CoA thioesterases 
(ACOTs) were particularly upregulated in prediabetic GDE. On the other 
hand, rate-limiting enzymes for glycolysis were found to be less abun-
dant, namely, hexokinase (HK) and 6-phosphofructokinase (PFKL), in 
prediabetic GDE. To unveil the relevance of oral antidiabetic drugs on 
GDE diabetogenic effects, we hypothesize that, in part, metformin and 
pioglitazone metabolic actions are dependent on GDE’s proteomic cargo.
Materials and methods: Two groups of C57Bl/6 mice were fed with 
either normal chow diet (NCD) or high fat diet (HFD) for 12 weeks 
to induce a prediabetic phenotype. Then, metformin and pioglitazone 
were administered by gavage for 6 weeks. GDE were isolated by ultra-
centrifugation and characterized by nanoparticle tracking analysis. Pro-
teins were extracted from the isolated EVs and peptides were analyzed 
by nano-LC-MSMS (Dionex RSLCnano 3000) coupled to a Q-Exactive 
Orbitrap mass spectrometer. Raw data files were processed using Max-
Quant and identifications were filtered using a 1% false discovery rate. 
Statistical analysis was performed using the limma R package.
Results: After 6 weeks of treatment with the oral anti-diabetic drugs, con-
trol mice presented lower body weight compared to all other groups; and 
mice treated with metformin had a reduced body weight compared to those 
treated with pioglitazone. Both drugs improved glucose intolerance and 
liver steatosis compared to prediabetic animals. The mean size, number, and 
protein amount per GDE were similar between the groups. After filtering 
proteins with missing values, we identified 1486 proteins, with 156 proteins 
being robustly regulated between NCD and HFD. Differentially expressed 
proteins were subsequently identified for all possible pairwise comparisons 
among groups (NCD, HFD, HFD + metformin and HFD + pioglitazone). 
Interestingly, 159 proteins were differentially expressed between HFD and 
HFD + metformin, indicating that this drug alters the protein composition 
of GDEs, resulting in a protein signature that resembles NCD. On the other 
hand, only 53 proteins were regulated between HFD and HFD + pioglita-
zone. Principal components analysis showed that both treatments had a 
significant impact on the overall protein expression profile.
Conclusion: Metformin and pioglitazone alter the protein cargo of GDEs, 
with metformin displaying a more significant effect on reversing the protein 
signature of GDEs. According to our findings, the two drugs appear to modify 

GDE-mediated interorgan crosstalk, which plays a role in the progression of 
dysmetabolism. Modulating this mechanism may have therapeutic implications.
Supported by: FCT 2022.05764.PTDC, FCT PTDC/MEC-MET/29314/2017 
and EFSD/JDS Reciprocal Travel Research Fellowship Programme
Disclosure: A. Teshima: None.

547
Cagrisema eliminates weight loss associated reduction in energy 
expenditure in diet-induced obese rats
R.E. Kuhre1, B.  Hald2, J.M.  Jacobsen1, S.  Lundh3, M.K. 
 Gerstenberg4, A.  Secher5, K.  Raun6;
1Integrated Physiology Research, Department of Obesity and NASH Phar-
macology, Novo Nordisk A/S, Måløv, Denmark, 2Discovery and Develop-
ment PK/PD, Novo Nordisk A/S, Måløv, Denmark, 3Pathology & Imaging, 
Novo Nordisk A/S, Måløv, Denmark, 4Translational Medicine, Novo Nord-
isk A/S, Måløv, Denmark, 5Brain and Adipose Biology, Novo Nordisk A/S, 
Måløv, Denmark, 6Obesity Research, Novo Nordisk A/S, Måløv, Denmark.

Background and aims: CagriSema - a combination of long-acting 
analogues of amylin (cagrilintide) and glucagon-like peptide-1 (sema-
glutide) - is in clinical development for treatment of obesity and diabe-
tes. CagriSema induces weight loss by suppressing food intake, but it 
remains unknown whether weight loss is also mediated by counteract-
ing actions on metabolic adaptation (MA; weight-independent suppres-
sion of energy expenditure (EE) during weight loss).
Materials and methods: We studied the effects of CagriSema on MA 
in diet-induced obese (DIO) male rats (Sprague Dawley), receiving 
daily CagriSema treatment (2 nmol/kg s.c. of each) for three weeks. For 
comparison, a weight matched group (WM) on calorie-restriction were 
included. Groups were matched on weight (~750 g) and body composition 
and rats were single-housed at 22°C with either ad libitum access (vehicle 
and CagriSema groups) or restricted (WM) access to 45% high-fat-diet 
(n=10-11). EE was investigated by indirect calorimetry at 5-min intervals 
throughout the study. Rats were weighed daily and had food replaced each 
day. In a separate study, the effect of mono-treatment with either cagrilin-
tide or semaglutide (2 nmol/kg each) on MA were studied by a similar 
study design (n = 6-8). To adjust for reduced EE caused by weight loss 
rather than from MA, EE data are presented normalized to body weight.
Results: CagriSema treated rats and WM rats had a vehicle adjusted weight 
loss of ≈15% (-15.3 vs. -15.0%, P=0.92). In the WM group average daily 
EE during treatment were 15% lower than in vehicle (3.6±0.1 vs. 4.2±0.1 
cal/g*h, P<0.05), and EE was reduced in both the active (dark) and inac-
tive (light) phase. In contrast, in the CagriSema group, EE was similar to the 
vehicle group both during dark and light phase (4.3±0.2 vs. 4.2±0.1 cal/g*h, 
P>0.99). Consistently, keeping the WM group matched with the CagriSema 
group in terms of body weight necessitated supply of ~10% fewer calories. The 
underlying pathways engaged by CagriSema to counteract MA is unlikely to 
be mediated by better preservation of more energy consuming fat free mass as 
changes in body composition were similar; substantial loss of fat mass (~30%) 
and a smaller loss of fat free mass (~10%). Furthermore, circulating concentra-
tions of leptin, insulin, glycerol, triglyceride, cholesterol, and free-fatty acids 
did not differ between CagriSema and WM group at day of study termination. 
In the separate study, mono-treatment with either cagrilintide or semaglutide 
resulted in a modest weight loss (6 and 8%, vehicle adjusted), which left too 
small a window for MA to be detected in the WM group  (PEE=0.77 compared 
to vehicle) but showed that CagriSema’s weight reducing effects depend on 
combined actions from both cagrilintide and semaglutide.
Conclusion: CagriSema eliminated MA associated with weight loss. 
As MA counteracts weight loss and have a role in weight-regain, this 
action by CagriSema would, if also occurring in humans, be anticipated 
to result in higher weight loss and more efficient weight maintenance 
compared to that resulting from an equicaloric diet-intervention.
Supported by: Novo Nordisk A/S
Disclosure: R.E. Kuhre: None.



S278 Diabetologia (2023) 66 (Suppl 1):S1–S536

1 3

SO 33 Weight loss rules

548
The effect of bariatric surgery on blood pressure management in 
type 2 diabetes: insights from a 13 year follow up study
U. Waheed, P. Ghaffari, A. Syed, R. Donn, H. Soran, A. Heald;
Endocrinology & Diabetes, Salford Royal NHS Foundation Trust, Sal-
ford, UK.

Background and aims: It is well established that bariatric surgery 
results in an improvement in metabolic profile in people with type II 
diabetes mellitus (T2DM). However, there is limited data on the longer-
term trajectory of blood pressure (BP) treatment requirements. We here 
report the findings of up to 13 years follow-up post bariatric surgery in 
relation to these measures at one UK centre.
Materials and methods: Patients underwent bariatric surgery (gas-
tric bypass / gastric banding / sleeve gastrectomy) between 2009 
- 2012 at a single UK centre. Follow up data was obtained from the 
Electronic Patient Record (EPR) regarding pre-operative and post-
operative blood pressure readings and medical treatment. Patients 
were followed up at intervals of 4-8 weeks, 3-6 months, 12 months, 
5 years, and most recent readings, in order to determine longitudinal 
outcomes in blood pressure.
Results: 119 patients were followed up for up to thirteen years. Mean fall 
in BMI 4-8 weeks post-surgery was 12%. The largest drop in mean blood 
pressure occurred 4-8 weeks following bariatric surgery (-6.8% systolic, 
-1.1% diastolic). The mean systolic and diastolic blood pressure continued 
to drop for up to five years post-operation. This mirrored a reduction in 
antihypertensive medical management (Figure 1); the number of patients on 
antihypertensive treatment continued to fall for up to five years. However, 
at last follow up, the requirement for antihypertensive treatment started to 
increase (Figure 1). Furthermore, the number of patients with clinically 
diagnosed hypertension (BP >140/90) dropped by 27.9% by 6-8 weeks 
post-operation, but rose again slightly at most recent follow up by 3%.
Conclusion: We here show overall benefit in the years after bariatric 
surgery in terms of blood pressure levels and requirement for antihyper-
tensive medication. However at 10+ years post -surgery antihyperten-
sive medication prescriptions started to rise again in order to maintain 
blood pressure in the target therapeutic range.

Disclosure: U. Waheed: None.

549
Opposing patterns in eating behaviours after surgical versus diet-
induced weight loss
L. Vuorela1, B.J.  Berntzen1,2, M.  Maheswary1, T.  Saarinen3, S. Mer-
iläinen4, V.  Koivukangas4, L.  Suojanen1, P.-H.  Groop5, A.  Rissanen1, 
K.  Virtanen6, A.  Juuti3, K.H. Pietiläinen1,7, S.  Heinonen1;

1Obesity Research Unit, Research Program for Clinical and Molecular 
Metabolism, University of Helsinki, Helsinki, Finland, 2Department 
of Public Health, Finnish Twin Cohort Study, University of Helsinki, 
Helsinki, Finland, 3Department of Gastrointestinal Surgery, Abdominal 
Center, Helsinki University Hospital and University of Helsinki, Hel-
sinki, Finland, 4Abdominal Center, Oulu University Hospital, Medical 
Research Center Oulu, University of Oulu, Oulu, Finland, 5Department 
of Nephrology, University of Helsinki and Helsinki University Hospital, 
Helsinki, Finland, 6Turku PET Center, Turku University Hospital, Turku, 
Finland, 7HealthyWeightHub, Endocrinology, Abdominal Center, Hel-
sinki University Hospital and University of Helsinki, Helsinki, Finland.

Background and aims: Bariatric surgery has been found to result 
in greater weight loss and improved metabolism compared to diet-
ing, likely due to differences in gut hormone responses. However, 
the differences in eating behaviors between the two methods are not 
well understood.
Materials and methods: We examined various aspects of eating 
behaviors through validated questionnaires (Three-Factor Eating 
Questionnaire [TFEQ], Dutch Eating Behaviour Questionnaire [DEBQ] 
and Binge-Eating Scale [BES]) in 120 individuals undergoing bari-
atric surgery, 60 operated by Roux-en-Y gastric bypass (RYGB) and 
60 by One-Anastomosis gastric bypass (OAGB), and 19 taking part 
in a dietary intervention. Body weight, body composition (DEXA-
scan, dual-energy x-ray absorptiometry), and metabolic features (blood 
samples and OGTT) were measured. The surgery and diet groups were 
compared before, 5-6 months after, and at 12 months after the start of 
the body weight loss intervention. Mann-Whitney U test was used for 
comparisons between the groups and Friedman’s Analysis of Variance 
with Tukey’s post hoc test between the timepoints.
Results: As expected we observed greater body weight loss 
(Δmean±SD surgery vs. diet 32.7±10.7 kg vs. 8.9±7.9 kg, p<0.001) 
and metabolic improvements (Δmean±SD fasting plasma glucose 
1.0±1.4 mmol/mol vs. 0.3±0.5 mmol/mol and HOMA-index 1.0±6.5 
vs. 0.3±1.1, p<0.001 for both) after surgery compared with the diet 
intervention. Both the TFEQ and DEBQ questionnaires showed 
unchanged or decreased cognitive restraint and control of eating behav-
iors after surgery, while these measures were clearly increased after the 
diet intervention (Δmean±SD surgery vs. diet -0.4±4.4 vs. 6.4±4.5 
AU and -0.5±0.8 vs. 0.6±0.8 AU, p<0.001, respectively). In contrast, 
disinhibited eating in TFEQ was significantly decreased after surgery, 
but either unchanged or decreased to a milder degree after the diet 
intervention (Δmean±SD surgery vs. diet -3.4±2.8 vs. -0.9±2.0 AU, 
p<0.001 between the groups, respectively). Both weight loss meth-
ods resulted in a reduction of hunger and binge eating-like patterns 
(p<0.05, during the follow-up).
Conclusion: Surgery appears to result in a natural reduction in cognitive 
restraint and overeating, while conscious restriction of eating is needed 
after dieting to control the body weight. Both methods were found to 
reduce susceptibility to overeating and hunger, but this may happen 
naturally after surgery and requires learned patterns after dieting.
Clinical Trial Registration Number: Diet cohort: NCT01312090, Sur-
gical cohort: NCT02882685
Disclosure: L. Vuorela: None.

550
Predictors for insufficient weight loss, defined as %EWL< 50% at 
1 year after bariatric surgery
V. Parzer, J.M. Brix, S.L. Huber, B. Ludvik;
Klinik Landstraße, Wien, Austria.

Background and aims: Bariatric surgery is currently the most effica-
cious treatment for severe obesity to achieve sufficient and durable 
weight loss. However, insufficient weight loss (IWL) might occur 
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after bariatric surgery mitigating its positive effects on health status, 
leading to patient dissatisfaction and requiring the need for revisional 
surgery, which is associated with higher complication and mortality 
rates. Preoperative predictors contributing to IWL are not sufficiently 
studied. Therefore, we tried to identify preoperative predictors for 
IWL to identify patients at risk for IWL after bariatric surgery and 
thus to improve outcomes.
Materials and methods: In this retrospective analytical study, 
patients who underwent sleeve gastrectomy (SG) or gastric bypass 
(GB) at our bariatric centre between March 2003 and December 
2020 with complete 1 year follow-up data were included. IWL was 
defined as percentage excess weight loss (%EWL) less than 50% at 
1 year after bariatric surgery. A total of 337 patients were included 
(83% female, 38% after SG, 62% after GB, BMI=46.4+-7.0 kg/m2, 
age 41+-11 years, from 17 to 67 years (means+-SD)). Kolmogorov-
Smirnov test was used to assess the normality of quantitative data. A 
t-test was performed for parametric and a Mann-Whitney U test for 
non-parametric, continuous variables. A chi-squared test was per-
formed for categorical variables.
Results: 15% experienced IWL. The mean %EWL after 1 year was 
82.1+-21.1% in the sufficient weight loss group and 35.8+-13.5% 
in the insufficient weight loss group. Predictors for sufficient weight 
loss were lower weight at baseline (p=0.023), lower BMI at baseline 
(p=0.02), higher HDL levels at baseline (p=0.025), gastric bypass as 
performed bariatric procedure (p=0.007) and no intake of ß-blockers 
(0.021). Age, waist circumference, sex, diabetes, HbA1c, fasting glu-
cose and insulin, HOMA index, the intake of diabetes medication or 
insulin were no predictors for IWL.
Conclusion: 15% of patients undergoing SG or GB experienced IWL 
defined as %EWL less than 50%. Predictors for sufficient weight loss 
were lower weight, lower BMI and higher HDL levels at baseline, 
gastric bypass as performed bariatric procedure and no intake of 
ß-blockers.
Disclosure: V. Parzer: None.

551
Sarcopenic obesity and associated body composition character-
istics in individuals undergoing bariatric sugery: a retrospective 
study
K. Verboven1, F.V.C.  Machado1, V.  Schildermans2, G.  Hertogs2, W. 
 Bouckaert3;
1REVAL - Rehabilitation Research Center, BIOMED - Biomedical 
Research Institute, Hasselt University, Hasselt, Belgium, 2REVAL - 
Rehabilitation Research Center, Hasselt University, Hasselt, Belgium, 
3Department of Abdominal Surgery, Hospital East-Limburg, Genk, 
Belgium.

Background and aims: Sarcopenia can coexist with obesity, together 
termed sarcopenic obesity (SO). SO is characterised by concomitant 
low muscle mass and function and excessive fat accumulation. As 
different relative indices of body composition are used to define SO, 
data on the prevalence of SO are divergent. This retrospective study 
aims to examine the prevalence of SO and its associations with pre-
operative body composition characteristics, metabolic profile and 
weight loss success in bariatric surgery candidates.
Materials and methods: Retrospective, cross-sectional study evalu-
ating whole-body and regional body composition (assessed by dual-
energy x-ray absorptiometry) and biochemical blood variables in adults 
(age 42±13 years) planned for bariatric surgery (n=78, 23% male, BMI 
41.2±3.2 kg/m2). SO diagnosis was based on sex-specific cut points for 
relative expressions of appendicular lean tissue mass (ALM, corrected 
for total body weight (ALM/w) or height squared (ALM/h2)), as advo-
cated by the Sarcopenic Obesity Global Leadership Initiative. Body 
composition variables, metabolic profile and weight loss (expressed as 
percentage total weight loss following surgery) were compared between 
ALM tertiles using Kruskal-Wallis and Mann-Whitney U tests.

Results: In the current cohort, the prevalence of SO ranged from 
0% (based on ALM/h2) to 91% (based on ALM/w). ALM tertiles 
showed similar BMI and fat distribution variables (Table 1, p>0.05), 
metabolic blood variables related to lipid profile (i.e. total, HDL-, 
LDL-cholesterol), glucose homeostasis (i.e. fasting glucose, fast-
ing insulin), renal function (i.e. creatinine, urea) and liver enzymes 
(p>0.05). Bariatric surgery induced similar weight loss trajectories 
between ALM tertiles, on average resulting in 26±6% and 33±8% 
total weight loss after 6 and 12 months, respectively.
Conclusion: In adult candidates for bariatric surgery, the prevalence 
of SO is strongly dependent on the diagnostic criteria used, which 
urges for continuing the quest to find a proper composite criterion 
for individuals with obesity. No significant differences were found 
in the metabolic profile among the ALM tertiles. Further research 
will be necessary to confirm whether SO and lean tissue related 
variables are associated with metabolic health in individuals with 
morbid obesity.

Disclosure: K. Verboven: None.

552
Data-driven clustering of obese patients in a behavioural weight-
loss programme
H. Schlögl1, A. Kühnapfel2, S.  Frenzel3, M. Blüher3, M.  Stumvoll1, 
T.  Ebert1;
1Endocrinology, University Hospital Leipzig, Leipzig, Germany, 
2University of Leipzig, Leipzig, Germany, 3Helmholtz Institute for 
Metabolic, Obesity and Vascular Research, Leipzig, Germany.

Background and aims: In patients with obesity and type 2 diabe-
tes undergoing bariatric surgery, a data-driven clustering approach 
reveals that people with insulin resistance in particular benefit from 
obesity surgery. However, it is not known whether 1) a data-driven 
cluster analysis can also subphenotype patients participating in a 
non-surgical, behavioral weight loss program; and 2) the identified 
subclusters associate with differential therapeutic outcomes.
Materials and methods: We performed k-means clustering using the 
variables age, body mass index (BMI), and c-peptide-based Homeo-
stasis Model Assessment of beta cell function (HOMA2-%B) and 
insulin resistance (HOMA2-IR) at baseline in patients with obesity 
undergoing a standardized, one-year behavioral weight loss program 
at the University Hospital Leipzig, Germany. A total of 239 (170 
female; 74 with T2D) patients were included in the analysis, during 
the one year of treatment participants had 6-12 group and 2-6 individ-
ual session with a nutritionist advising healthy, calorie reduced nutri-
tion, 40-48 hours of sports therapy and 10-12 sessions of behavioral 
therapy. For cluster analysis, the optimal number of three clusters was 
determined using the silhouette coefficient, and k-means clustering 
was performed with a k value of 3. Cardiometabolic effects of the 
weight loss program after 12 months were assessed as Δ parameters 
and compared using the Wilcoxon test (for longitudinal comparisons) 
or the Kruskal-Wallis test (for comparisons between clusters).
Results: At baseline, the median (interquartile range) BMI was 43.2 
(8.9) kg/m2. After 12 months, median absolute weight loss was 3.9 
(10.1) kg (p<0.001), and glucose and lipid parameters significantly 
improved (p<0.05). The three identified clusters significantly differed 
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in all parameters used for clustering (p<0.001), as well as in fasting 
c-peptide, fasting insulin, fasting glucose, hemoglobin A1c, high-
density lipoprotein cholesterol and estimated glomerular filtration rate 
(p<0.05). Based on descriptive cluster characteristics, the clusters 
“Mild Insulin Resistant Obesity” (MIRO, N=156), Impaired Beta-cell 
function with Severe Obesity (IBSO, N=42) and Preserved Insulin 
Secretion in Obesity (PISO, N=41) were formed. The longitudinal 
treatment effects Δ fat mass, Δ HOMA2-IR, Δ HOMA2-%B, Δ insu-
lin, Δ c-peptide, Δ total and Δ low-density lipoprotein cholesterol 
significantly differed between the three clusters. Patients from the 
PISO cluster showed the largest, whereas the IBSO cluster had the 
smallest, cardiometabolic improvements after a standardized, one-
year behavioral weight loss program.
Conclusion: Distinct subphenotypes of patients with obesity under-
going a non-surgical, behavioral weight-loss program were associated 
with differential metabolic effects of the weight-loss intervention. 
Using a data-driven clustering approach based on anthropometric 
and metabolic patient characteristics, the most favorable effects of 
the one-year behavioral weight loss program were found in the PISO 
cluster. Future prospective studies need to test whether these clusters 
can help to improve therapy in a personalized medicine approach for 
patients with obesity.
Supported by: Ethics Committee of the University of Leipzig, file 
number 157-12-12122011
Disclosure: H. Schlögl: None.
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The xanthine oxidoreductase inhibitor febuxostat promotes 
brown adipocyte differentiation and enhances brown adipose 
tissue function
Y. Li1, Y.  Fujita1, H.  Minamino1, T.  Goto2, S.  Kawarasaki2, N. 
 Isomura1, K.  Takesue1, F.  Furuya1, Y.  He1, J.  Zhang1, N.  Inagaki1,3;
1Department of Diabetes, Endocrinology, and Nutrition, Graduate 
School of Medicine, Kyoto University, Kyoto, Japan, 2Division of 
Food Science and Biotechnology, Graduate School of Agriculture, 
Kyoto University, Kyoto, Japan, 3Medical Research Institute KITANO 
HOSPITAL, PIIF Tazuke-kofukai, Osaka, Japan.

Background and aims: Brown adipose tissue (BAT) is responsible 
for thermogenesis and energy expenditure in the body. BAT activation 
increases glucose uptake and utilization, and improves glucose homeo-
stasis and insulin sensitivity. Although BAT activation has been identi-
fied as a potential therapeutic target for diabetes, it has not been put to 
practical use. We screened small molecule compounds that promoted 
brown fat differentiation and selected some as candidate therapeutic 
compounds. Here we focus on febuxostat, a xanthine oxidoreductase 
(XOR) inhibitor presently used to treat hyperuricemia for its inhibi-
tion of the metabolic reaction of purines to uric acid. In this study, we 
investigate the action of the XOR inhibitor febuxostat on BAT.
Materials and methods: Compound screening: A 700 bio-active 
compound library was used. Compounds were administered to BAT-
derived preadipocytes from wild-type (C57BL/6J) mice for seven 
days and lipid droplet volume was evaluated by Nile red staining, 
which reflects brown adipocyte differentiation and maturation. 
In vitro study: Febuxostat and other XOR inhibitors were adminis-
tered to brown preadipocytes. BAT-related gene expression includ-
ing UCP1 and mitochondria-related genes were evaluated by q-RT 
PCR. In vivo study: High-fat diet (20% fructose water) and potassium 
oxonate (a uricase inhibitor, 300mg/kg/day) were loaded in order to 
model hyperuricemia and metabolic syndrome, and febuxostat (5mg/
kg) was orally administered twice daily.
Results: The screening yielded 18 hits for compounds with higher lipid 
accumulation than the positive control rosiglitazone. Among them, 
febuxostat was additionally analyzed. Febuxostat-treated adipocytes 

exhibited higher lipid accumulation (Nile red fluorescence intensity: 
p<0.001, vs. control) as well as higher UCP1 (p<0.05, vs. febuxostat) 
and other marker gene mRNA expressions (PRDM16, PPARγ, PGC1a, 
FABP4). Other XOR inhibitors also elicited higher UCP1 mRNA 
expression in adipocytes but febuxostat had the strongest effect at the 
same concentration. In in vivo experiments, the febuxostat group had 
lower serum uric acid (control, 9.59 ± 2.3 mg/dl, febuxostat, 2.73 ± 0.7 
mg/dl, n=7, p<0.001) and better cold tolerance (for 120 min: control, 
34.4 ± 0.6 °C, febuxostat, 35.7 ± 0.6 °C, n=7, p<0.01). In BAT, UCP1 
mRNA expression was higher in the febuxostat group (n=7, p<0.05, vs 
control) and inflammation gene expression was lower (TNFa, NLRP3, 
Caspase1, each p<0.05, vs. control) than in the control group.
Conclusion: Febuxostat promotes differentiation of brown adipocytes 
and lowers serum uric acid levels, as well as activating BAT function 
in a model of hyperuricemia and metabolic syndrome. Further stud-
ies are required to ascertain the effects of XOR inhibitors on BAT-
mediated metabolism pertaining to amelioration of insulin resistance 
and glucose intolerance in diabetes.
Disclosure: Y. Li: None.

554
The metagenomic and metabolomic analysis supports unfavour-
able risk-benefit balance of the ketogenic diet
J. Shi, N. Hou, F. Han, C. Kan, X. Sun, H. Qiu;
Department of Endocrinology and Metabolism, Affiliated Hospital 
of Weifang Medical University, Weifang, China.

Background and aims: Obesity is a global epidemic contributing to 
many chronic health complications. The use of ketogenic diets as a 
potential therapeutic approach for obesity has gained significant atten-
tion in recent years. However, the complex mechanistic relationships 
between ketogenic diets, gut microbiota, and their metabolites in treat-
ing obesity remain unclear. In this study, we aimed to determine the 
anti-obesity effects of ketogenic diets in relation to modulations in the 
gut microbiota and metabolic functions.
Materials and methods: To address this, we conducted a study using 
a combination of metagenomics and non-targeted metabolomics to 
explore the relationship between ketogenic diet, intestinal micro-
organisms, and metabolites. We utilized a cohort of fifty-two male 
C57BL/6J mice to investigate the effects of different dietary interven-
tions on metabolic outcomes. The mice were divided into four groups 
based on their respective diets: the ND group, fed a normal diet; the 
HFD group, fed a high-fat diet comprising of 60% fat; the KD group, 
fed a ketogenic diet containing 89.91% fat and 9.99% protein; and 
the HK group, which underwent a transition from a high-fat diet 
to a ketogenic diet. DNA of intestinal substance was isolated, and 
whole-genome shotgun libraries were prepared and sequenced. The 
composition of the gut microbiota and related pathways were assessed 
by analyzing metagenomic sequences. Non-targeted metabolome was 
also analysed by LC-MS/MS.
Results: Our results demonstrate that obese mice fed with a ketogenic 
diet experienced significant improvements in weight and body fat. 
However, we observed a significant reduction in intestinal microbial 
diversity, with an increase in the proportion of Firmicutes and an ele-
vated Firmicutes/Bacteroidetes ratio of 247%. Moreover, the ketogenic 
diet induced changes in various metabolic pathways such as glucose, 
lipid, energy, carbohydrate, amino acid, ketone body, Butanoate, meth-
ane, bacterial secretion, and colonization, which led to metabolic dys-
regulation of intestinal flora and increased intestinal inflammation. We 
also found that the up-regulation of bile secretion and biosynthesis 
pathways of aminoglycoside antibiotics neomycin, kanamycin, and 
gentamicin were directly related to the reduction of intestinal flora.
Conclusion: In conclusion, our study provides new insights into 
diet therapy based on host-microbe interactions and demonstrates 
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that the microbiota induced by ketogenic diets plays a crucial role 
in controlling obesity development. However, we also conclude 
that the risks of a ketogenic diet outweigh its benefits in obese 
mice due to the observed alterations in gut microbiota diversity 
and metabolic functions.
Supported by: Natural Science Foundation of China (82170865)
Disclosure: J. Shi: None.

555
Glutamine supplementation in high fat diet improves glucose 
tolerance and adipose tissue metabolism in mice
V. Meskarova, R. Coupeau, M. Dzubanova, A. Benova, M. Feren-
cakova, M. Vodickova, M. Tencerova;
Laboratory of Molecular Physiology of Bone, Institute of Physiol-
ogy CAS, Prague 4, Czech Republic.

Background and aims: Glutamine is the most common amino 
acid in the body, which plays important role in the regulation of 
cellular metabolism and tissue homeostasis. Recent studies showed 
that obesity causes diminution of circulating glutamine levels 
contributing to increased adipose tissue (AT) inflammation and 
impairment of AT function, which leads to ectopic fat accumula-
tion in non-adipose organs including bones associated with higher 
fracture risk. Glutamine supplementation have been shown to have 
beneficial effect on immune system, metabolism and proliferation 
of bone marrow mesenchymal stem cells. However, it is not well 
documented the underlying mechanism how glutamine can improve 
bone and fat metabolism. Thus, the aim of our study was to inves-
tigate the effect of glutamine enriched high fat diet (HFD) on bone 
and fat metabolism in mice.
Materials and methods: Eight-weeks-old C57BL/6J were fed with 
high-fat-diet (HFD, 60% fat content), HFD supplemented with glu-
tamine (HFD 60%+Gln 4%) and low-fat-diet (LFD 10% fat content) 
as a control group for 8 weeks (n=11-14 per group). Body weight, 
glucose tolerance and body composition (DEXA) were measured. 
At the end of study, selected tissues and primary adipose tissue 
derived mesenchymal stem cells (AT-MSCs) were isolated. Tis-
sues were used for gene expression analysis. AT-MSCs isolated 
from subcutaneous (SAT) and visceral adipose tissue (VAT) were 
used for measurement of senescence and reactive oxygen species 
(ROS) production.
Results: After 8 weeks treatment, HFD+Gln treated mice gained 
less body weight (~27%, p<0.01) accompanied with less fat mass 
(~8%, p<0.05) and improved glucose tolerance compared to HFD 
group (~15%, p<0.05). Total body bone mineral content measure-
ment by DEXA was improved in HFD+Gln group (~15%, p<0.05) 
compared to the HFD. Further, mRNA levels of inflammatory 
genes (IL1-β, TNFα) (e.g. IL1-β ~40%, p<0.05; TNFα ~35%, p< 
0.01) in VAT and adipogenic genes (Cidea, Fsp27) (e.g. Cidea 
~77%, p<0.05; TNFα ~62%, p< 0.01) in liver were decreased in 
HFD+Gln group compared to HFD group. Interestingly, molec-
ular analysis of primary SAT and VAT AT-MSCs isolated from 
treated mice revealed decreased senescence and ROS production in 
HFD+Gln group (~40%, p<0.01; resp. ~25%, p< 0.001) compared 
to HFD group.
Conclusion: Our findings show that glutamine enrichment in diet 
has a beneficial effect on glucose tolerance and bone homeostasis 
accompanied by diminishes AT inflammation and senescence in 
mice, which highlights its potential use in treatment of metabolic 
and bone diseases.
Supported by: This work was supported by GACR 22-12243S (MT), 
(NNF20SA0066174) (MT) and (LX22NPO5104).
Disclosure: V. Meskarova: None.
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Glucose-dependent responses of inflammatory markers in obese 
compared to lean individuals
M.H. Lundqvist, M.J. Pereira, J.W. Eriksson;
Clinical Diabetology and Metabolism, Department of Medical Sci-
ences, Uppsala University, Uppsala, Sweden.

Background and aims: Hypoglycemia and hyperglycemia have pre-
viously been shown to lead to inflammatory responses with increased 
circulatory levels of inflammatory markers. Chronic low-grade inflam-
mation is a feature of obesity that may contribute to insulin resistance and 
promote type 2 diabetes. We aimed to address whether the inflammatory 
responses to glycemic variations are altered in obesity, since this has not 
been fully explored.
Materials and methods: This study included eight obese subjects (1 
male, median age 46 years, BMI 31.0-47.6 kg/m2) and eight lean sub-
jects (2 males, median age 47 years, BMI 20.8-24.4 kg/m2) without 
diabetes diagnosis who had undergone stepwise hyperinsulinemic-
normoglycemic-hypoglycemic and hyperglycemic clamps on separate 
days in a previous study. Using Proximity Extension Assay, 92 inflam-
matory protein biomarkers were analyzed from EDTA plasma samples 
obtained at fasting, at hyperinsulinemia-normoglycemia (Glucose 5.0 
mmol/l,), at hypoglycemia (glucose 2.7 mmol/l) and hyperglycemia 
(glucose +9 mmol/l above fasting). 22 markers were excluded due to 
a high frequency of samples under the limit of detection. Within-sub-
ject changes (Δ-values) during different experimental conditions and 
between-group differences of Δ-values were analyzed using one-sample 
Wilcoxon signed-rank tests and Mann-Whitney U tests, respectively. 
Spearman’s rank correlations were computed to assess relationships 
between Δ-values of inflammatory markers and metabolic parameters.
Results: Fasting levels of inflammatory markers were generally 
higher in obese vs lean subjects and this was significant for 7/70 bio-
markers, including IL-6, FGF-21 and VEGF-A. Hyperinsulinemia, 
hypoglycemia as well as hyperglycemia all led to suppression of most 
inflammatory markers in all subjects irrespective of obesity status 
(n=16), which was significant for 11/70 markers during hyperinsuline-
mia, 19/70 markers during hypoglycemia and 62/70 markers during 
hyperglycemia. By contrast, significant increases were observed for 
IL-6, IL-10 and FGF-21 during hypoglycemia and FGF-21 during 
hyperglycemia. Obese subjects had significantly more marked suppres-
sion of PD-L1 during hyperinsulinemia, Oncostatin-M, Caspase-8 and 
4E-BP1 during hypoglycemia and VEGF-A during hyperglycemia. In 
correlation analyses, markers of obesity, chronic hyperglycemia and 
insulin resistance generally correlated with an accentuated suppression 
or attenuated elevation of most inflammatory markers during hypo-
glycemia and hyperglycemia. Thus, BMI correlated inversely with 
Δ-values of Oncostatin-M, TNFSF14, 4E-BP1 and FGF-21 during 
hypoglycemia and CCL23, VEGF-A and 4E-BP1 during hypergly-
cemia (all p<0.05, Rho -0.66 to -0.51). Likewise, HbA1c correlated 
inversely with Δ-values of CXCL1, AXIN-1 and MMP-1 (p<0.05, 
Rho -0.58 to -0.55) during hypoglycemia, while M-value correlated 
positively with Δ-values of IL-12B and VEGF-A (p<0.05, Rho 0.51 
to 0.56) during hyperglycemia.
Conclusion: Surprisingly, short-term Hyperinsulinemia, hypogly-
cemia and hyperglycemia, respectively led to suppression of several 
inflammatory markers, and this tended to be more marked in indi-
viduals with obesity, insulin resistance and dysglycemia. Thus, rapid 
glycemic variations do not seem to aggravate the low-grade chronic 
inflammation observed in these individuals.
Supported by: Swedish Diabetes Foundation (Fdn); EXODIAB; Ern-
fors Family Fdn; P.O. Zetterlings Fdn; Novo Nordisk Fdn; Agnes and 
Mac Rudberg Fdn; TREATMENT; ALF grants
Disclosure: M.H. Lundqvist: None.
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Intracellular metabolites accumulated in metabolically activated 
macrophages
W. He1, A. Künne1, M.  Ohm1,2, M.  Korte2,3, K.  Hiller1;
1Braunschweig Integrated Centre of Systems Biology (BRICS), Tech-
nische Universität Braunschweig, Braunschweig, Germany, 2Zoological 
Institute, Technische Universität Braunschweig, Braunschweig, Ger-
many, 3Neuroinflammation and Neurodegeneration Research Group, 
Helmholtz Centre for Infection Research, Braunschweig, Germany.

Background and aims: Obesity is a worldwide pandemic, and it is a 
major risk factor for multiple metabolic complications, including type 
II diabetes (T2D), non-alcoholic fatty liver disease and atherosclerosis. 
The immune system, in particular, macrophages critically contribute to 
the progression of obesity and its complications, thereby providing a 
promising call for macrophage-directed novel therapies. A metabolically 
activated state of macrophages (Me macrophages) induced by com-
bined high concentrations of glucose, palmitate and insulin was recently 
reported to mimic obesity-associated macrophages in vitro. In this study, 
we aim to profile intracellular metabolism of Me macrophages.
Materials and methods: Mouse Me-activated bone marrow-derived 
macrophages (Me-BMDMs) were in vitro generated by stimulating 
M-CSF differentiated but unpolarized BMDMs (M0) with 25 mM glu-
cose, 0.5 mM palmitate and 10 nM insulin. M0 macrophages and 10 ng/
ml LPS-stimulated classical M1 macrophages were used as controls. Fol-
lowing intracellular metabolite extraction from these cells, dried metabo-
lites were measured by gas chromatograph-mass spectrometry (GC-MS). 
A non-targeted metabolomics analysis was performed to analyze the 
GC-MS data, followed by heatmap generation and principal component 
analysis (PCA). The RAW264.7 cell line, a mouse macrophage cell line, 
was used to confirm the interested results obtained from BMDMs.
Results: PCA demonstrated clear difference on the overall intra-
cellular metabolomes of M0, M1 and Me BMDMs, in conformity 
with their disparity in proteomics as previously reported. A heatmap 
exhibited all the metabolites showing significant difference between 
the 3 conditions. After 3 independent experiments, we found 4 metab-
olites which were reproducibly accumulated in Me cells compared 
with M0 cells, namely itaconate, succinate, serine and proline. Accu-
mulation of itaconate and succinate in Me condition was very similar 
to M1 condition, whereas serine and proline accumulated more in Me 
than in M1 condition. Further, we found out that 0.5 mM palmitate 
is the major contributor to the accumulation of these metabolites in 
macrophages. Finally, Me-induced accumulation of these metabolites 
was reproducible in mouse RAW264.7 cells.
Conclusion: To our knowledge, this study for the first time high-
lighted specific metabolite accumulation in Me macrophages. Future 
studies should focus on the immunometabolic roles of these metabo-
lites during obesity and its associated complications.
Disclosure: W. He: None.

558
Methylglyoxal is a mediator of the association between 2-hour 
glucose, HbA1c and inflammation: The Maastricht Study
D. Sun1,2, M.M.v.  Greevenbroek1,2, J.L.  Scheijen1,2, S.J.  Eussen2,3, 
C.D.  Stehouwer1,2, K.A.  Wouters1,2, C.G.  Schalkwijk1,2;
1Department of Internal Medicine, Maastricht University Medical 
Center, Maastricht, Netherlands, 2CARIM School for Cardiovascular 
Diseases, Maastricht, Netherlands, 3Department of Epidemiology, 
CAPHRI School for Care and Public Health Research Unit, Maas-
tricht, Netherlands.

Background and aims: Dysregulated glucose metabolism in diabe-
tes drives chronic inflammation, manifested by increased concentra-
tions of circulating inflammatory biomarkers. The reactive dicarbonyl 

methylglyoxal (MGO) is a potent glycating agent that is linked with 
increased inflammation. MGO is formed from glucose, is increased 
in diabetes, and is further increased after a glucose load. We hypoth-
esized that glucose and particularly post-load glucose excursions are 
associated with chronic low-grade inflammation and that this associa-
tion is mediated by MGO.
Materials and methods: We investigated this hypothesis in The 
Maastricht Study, a large, population-based observational human 
cohort, enriched for type 2 diabetes (T2D) (aged 40-75 years, n=3017, 
59.9±8.2yrs, 49.5% women, 26.5% T2D). All participants underwent 
an oral glucose tolerance test. Independent variables were fasting 
plasma glucose (FPG), 2-hour plasma glucose (2-h PG), and HbA1c. 
The dependent outcome was a low-grade inflammation score, derived 
from plasma concentrations of C-reactive protein, serum amyloid A, 
interleukin-6, interleukin-8, tumor necrosis factor, and soluble inter-
cellular adhesion molecule-1. Fasting and 2-h PG plasma MGO were 
measured with ultra-performance liquid chromatography-tandem mass 
spectrometry. Linear regression analyses adjusted for potential con-
founders (age, sex, lifestyle factors, medication use, and body mass 
index) were done to evaluate the associations between FPG, 2-h PG, 
and HbA1c, and the low-grade inflammation score and results are 
presented as standardized regression coefficients (stdβ) and 95% CIs. 
Mediation analyses were performed to investigate whether the associa-
tion between glucose and inflammation was mediated by MGO.
Results: In the fully adjusted models, 2-hPG (0.172 [0.110; 0.234]) 
and HbA1c (0.148 [0.101; 0.196]), but not FPG (0.049 [-0.002; 
0.100]), were associated with the low-grade inflammation score. 
In the mediation analyses of the association between the 2-h PG or 
HbA1c and the low-grade inflammation score, MGO mediated 23% 
of the association between 2-hPG and inflammation score, and 16% 
of the association between HbA1c and the inflammation score.
Conclusion: Post-load glucose excursions and HbA1c are associated 
with inflammation and this association is mediated, at least in part, by 
MGO. Mitigating glucose excursions and targeting MGO formation 
may thus be bona fide strategies to lower chronic low-grade inflam-
mation in diabetes.
Clinical Trial Registration Number: Permit 131088-105234-PG
Disclosure: D. Sun: None.

559
Changes in inflammatory markers in response to 4-weeks of car-
bohydrate overfeeding in men born with a low birth weight
L.O. Elingaard-Larsen1, A.B.  Thuesen2, L.  Justesen1, S.O. 
 Villumsen1, T.  Hansen2, A.A.  Vaag1,3, C. Brøns1;
1Steno Diabetes Center Copenhagen, Herlev, Denmark, 2Novo Nor-
disk Foundation Center for Basic Metabolic Research, University 
of Copenhagen, Copenhagen, Denmark, 3Lund University Diabetes 
Center, Lund University, Malmö, Sweden.

Background and aims: Systemic low-grade inflammation, char-
acterized by high levels of circulating inflammatory cytokines, has 
been associated with development and progression of type 2 dia-
betes (T2D) and non-alcoholic fatty liver disease (NAFLD). Being 
born with a low birth weight (LBW) is an independent risk factor for 
developing T2D and has been associated with increased systemic low-
grade inflammation. Consumption of high-glycemic index foods, such 
as simple carbohydrates, may contribute to both acute and chronic 
low-grade inflammation, hence increasing the risk of developing 
T2D. The objective of this study was to investigate whether LBW 
men with or without screen-detected NAFLD display increased levels 
of circulating inflammatory markers as compared to normal birth 
weight (NBW) controls and whether 4-weeks carbohydrate overfeed-
ing (COF) induce a differential inflammatory response in LBW as 
compared to NBW individuals.
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Materials and methods: Fasting plasma levels of 92 inflammation-
related proteins were measured using a proximity extension assay in 
healthy, non-obese early middle-aged LBW men (n = 26, mean BW: 
2789 ±174 g) and age- and BMI-matched NBW controls (n = 22, 
mean BW: 3804 ±172 g) before (baseline) and after 4-weeks COF 
(+25% energy from soda, juice and candy). Five LBW subjects had 
screen-detected NAFLD at baseline measured by magnetic resonance 
spectroscopy. A linear mixed model was applied to assess the effect of 
overfeeding, birth weight group and NAFLD status.
Results: At baseline, seven inflammation markers were signifi-
cantly (P<0.05) increased in LBW men compared to NBW controls 
including chemokine ligand 6 (CXCL6), matrix metallopeptidase 1 
(MMP1), chemokine ligand 1 (CXCL1), TNF superfamily member 14 
(TNFSF14), interleukin 7 (IL-7), eukaryotic translation initiation factor 
4E-binding protein 1(4EBP1) and axis inhibitor 1 (AXIN1). Surpris-
ingly, none of the inflammation markers were significantly associated 
with having NAFLD at baseline. COF resulted in a ~1 kg weight gain 
(P<0.0001) as well as an increase in liver fat percent (P=0.009) in 
both groups. In the entire group, four inflammation-related proteins 
were significantly increased (P<0.05) in response to COF, including 
three chemokine ligands (CCL4, CCL3 and CCL20) and the metabolic 
regulator fibroblast growth factor 21 (FGF21). Only cystatin D (CST5) 
showed a differential response to COF between the two groups (P = 
0.004), with an increase in LBW men as opposed to a decrease in 
the NBW controls. None of the differences remained significant after 
adjustments for multiple comparisons. NAFLD status was not associ-
ated with a differential inflammatory response to COF.
Conclusion: Four-weeks carbohydrate overfeeding did not induce 
any major inflammatory response in healthy non-obese men, inde-
pendent of birth weight and NAFLD status. Only minor increases 
in inflammatory markers were observed in LBW compared to NBW 
men at baseline. However, subtle elevations of chemokine ligands 
and FGF21 levels suggests that COF activates inflammation, and a 
longer period of COF could potentially induce a differential response 
in people with or without LBW.
Clinical Trial Registration Number: NCT02982408
Supported by: NNF, EFSD/Boehringer Ingelheim European Research 
Programme, Trygfonden, Augustinus Fonden and Aase and Ejnar Dan-
ielsens Fond
Disclosure: L.O. Elingaard-Larsen: None.

560
Inflammatory and endothelial host responses in community-
acquired pneumonia: associations with HbA1c, admission plasma 
glucose, and glycaemic gap: a cross-sectional study
B. Lindegaard1, A.T.  Lundgaard2, C.K. Ryrsø1, M.H.  Hegelund1, 
A.V.  Jensen1, P.L.  Kristensen3, R. Krogh-Madsen4, D. Faurholt-
Jepsen5, S.R.  Ostrowski6, K.  Banasik2, A.M.  Dungu1;
1Department of Pulmonary and Infectious Diseases, Copenhagen Uni-
versity Hospital, North Zealand, Hillerød, Denmark, 2Novo Nordisk 
Foundation Center for Protein Research, University of Copenhagen, 
Copenhagen, Denmark, 3Department of Nephrology and Endocrinol-
ogy, Copenhagen University Hospital, North Zealand, Hillerød, Den-
mark, 4Department of Infectious Diseases, Copenhagen University 
Hospital, Hvidovre, Hvidovre, Denmark, 5Department of Pulmonary 
and Infectious Diseases, Copenhagen University Hospital, Rigshospi-
talet, Copenhagen, Denmark, 6Department of Clinical Immunology, 
Copenhagen University Hospital, Rigshospitalet, Hillerød, Denmark.

Background and aims: Diabetes, characterized by chronic hyper-
glycemia, is associated with impaired cytokine responses following 
inflammatory stimuli, while transient acute hyperglycemia enhances 
inflammatory cytokine release. The aim was to investigate the asso-
ciations between chronic, acute, and acute-on-chronic hyperglycemia 

and inflammatory, endothelial, and angiogenic host response bio-
markers in community-acquired pneumonia (CAP).
Materials and methods: HbA1c, admission plasma (p)-glucose, 
and the glycemic gap (admission p-glucose minus HbA1c-derived 
mean glucose) were used as measures of chronic, acute, and acute-
on-chronic hyperglycemia, respectively. Linear regression was used 
to model the association between hyperglycemia measures and 47 
inflammatory, endothelial, and angiogenic host response biomark-
ers in 555 CAP patients at admission. Base models were adjusted 
for age and sex, while fully adjusted models included the CURB-65 
score (CAP severity), pathogen, immunosuppression, comorbidity, 
and BMI as covariates. Correction for multiple testing was per-
formed with a false discovery rate < 0.05 considered significant.
Results: HbA1c, admission p-glucose, and glycemic gap were posi-
tively associated with IL-8, IL-15, IL-17A/F, and VEGF-C in fully 
adjusted models. HbA1c and admission p-glucose were positively 
associated with IL-1RA and sFlt-1 in fully adjusted models, and 
IL-16, sVCAM-1, and sTie-2 in base models. HbA1c and glycemic 
gap were positively associated with IL-17A in base models. Admis-
sion p-glucose was positively associated with GM-CSF and IL-17A 
in fully adjusted models, and IL-17C in base models. Increased 
glycemic gap was positively associated with IL-2 and IL-17C in 
fully adjusted models, and IL-1RA and sFlt-1 in base models.
Conclusion: HbA1c, admission p-glucose, and glycemic gap were 
associated with overlapping sets of biomarkers, except for the asso-
ciations between admission p-glucose and GM-CSF, and between 
glycemic gap and IL-2, suggesting that acute, but not chronic, 
hyperglycemia activates specific inflammatory pathways.
Clinical Trial Registration Number: NCT03795662
Supported by: Financial support for this study was provided by 
The Research Council at Copenhagen University Hospital, North 
Zealand, Grosserer L. F. Foghts Fond, O
Disclosure: B. Lindegaard: None.

561
Role of the soluble interleukin-6 receptor in obesity, type 2 dia-
betes and metabolic inflammation
K. Schlicht1, C.  Geisler1, D.M.  Schulte1, N.  Rohmann1, T. 
 Demetrowitsch2, F.  Brix2, K. Türk1, K.  Schwarz2, S.  Schreiber3, S. 
Rose-John4, M.  Laudes1;
1Institute of Diabetes and Clinical Metabolic Research, Kiel, Germany, 
2Dep. of Food Technology, Christian-Albrechts-University Kiel, Kiel, 
Germany, 3University Hospital Schleswig-Holstein, Kiel, Germany, 
4Christian-Albrechts-University Kiel, Kiel, Germany.

Background and aims: The soluble form of the interleukin-6 
receptor (sIL6R) forms a complex with its ligand IL6 via the trans-
signaling pathway, the pro-inflammatory properties of which have 
been implicated in various disease states such as colorectal cancer, 
depression and metabolic inflammation. However, there is cur-
rently little knowledge on how serum levels of sIL6R interplay with 
the host gut microbiome, nutrition patterns and the metabolome.
Materials and methods: sIL6R and IL6 levels were determined 
by ELISA in 1800 probands of the FoCus cohort. Cytokine levels 
were related to clinical phenotypes, 16s amplicon data, untargeted 
urine and serum metabolomics and nutrition data by the appropriate 
univariate statistics and multivariate regression models or machine 
learning algorithms.
Results: Higher serum levels of sIL6R were associated with obesity 
(p=8.2e-14), the presence of T2D (p=2.11e-7) and insulin resistance 
(p=2.4e-5). Beta and alpha diversity of the gut microbiome differed 
significantly between groups with high and low sIL6R levels. Regard-
ing host nutrition, groups differed most in the uptake of amino acids, 
notably cysteine (p=0.008), glycine (p=0.009) and alanine (p=0.01). 
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Regression and integrative analysis of data layers revealed differing 
correlation structures between sIL6R groups stratified by metabolic dis-
ease state and an increase in predictive power for sIL6R when including 
microbiome and nutrition data compared to clinical phenotypes only.
Conclusion: To our knowledge, this is the first time that microbiota 
and nutrition data have been related to serum sIL6R in a popula-
tion-based cohort. We were able to identify distinct multi-omics 
patterns related to sIL6R levels and metabolic health and disease.
Supported by: BMBF 0315539A, BLE 2816ERA14E; 01EA1906A)
Disclosure: K. Schlicht: None.

562
Inborn and adaptive immune system responses to remission of 
type 2 diabetes
A.F.H. Pfeiffer1, J.  Zhang1, K.J.A. Rüther1, B.  Schuppelius1, E. 
 Lalama1, M. Csanalosi-Artigas1, N.  Kraenkel2,3, S.  Kabisch1, S. 
 Nesic3, A.  Burness3, A.  Christ3, E.  Latz3;
1Endocrinology, Diabetes and Nutrition, Charite Universitaetsmedizin Ber-
lin, Berlin, Germany, 2Cardiology, Charite Universitaetsmedizin Berlin, 
Berlin, Germany, 3Innate Immunity, University Bonn, Bonn, Germany.

Background and aims: Type 2 diabetes (T2D) and obesity are related 
to chronic low-grade inflammation and innate immune system dys-
function. The inflammasome is thought to be "trained" by metabolic 
stimuli and may resist to normalization upon weight loss thereby sup-
porting weight regain. We investigated immune-metabolic reprogram-
ming in diabetes remission upon extensive >15 kg weight loss.
Materials and methods: 36 overweight /obese patients with insulin-
naïve T2D underwent a 3-month very-low-calorie diet (VLCD) of 600-
800 kcal/day to achieve an average 15kg weight loss. Anthropometry and 
mixed meal tests (MMT) were performed for metabolic analysis at base-
line, after 1 week and 3 months of intervention. PBMCs were analyzed 
by FACS. Ex vivo whole blood responses to several TLR-stimuli were 
analyzed. Monocytes were isolated and RNAseq was performed and 
numerous cytokines/chemokines were determined in plasma or serum.
Results: Extensive improvements of insulin sensitivity and secretion and 
remission of T2D was achieved in all but 6 participants who did not achieve 
the weight loss of >10 kg. In whole blood ex vivo incubations with TLR-
stimuli, a highly significant increase of the cytokines IL-1ß, IL-6, IL-10 
and IFNy was observed after 1 week followed by a return to baseline after 
12 weeks of continued fasting. The chemokines MIP1a, MIP1b, MCP-1 
and IP-10 followed a similar although less pronounced pattern. TLR4 
(LPS) and TLR8 (resiquimod) and TLR7 (imiquimod) stimuli were most 
potent. RNAseq in monocytes revealed variable changes of gene expression. 
Immune cell panels indicated changes of T-cell subclasses but little change 
of myeloid inflammatory phenotypes. Plasma levels of cytokines showed 
no changes of several interleukins and TNFalpha while some soluble IL-
receptor levels decreased as well as some chemokines.
Conclusion: Immune responses to 1 week fasting were extensive 
while rather moderate and selective changes were observed after 3 
month despite extensive metabolic improvements indicating a sepa-
ration of inflammation from insulin resistance. Short term fasting 
resulted in increased inflammasome immune responses of cytokines 
reflecting their trained state in T2D but remained high after 3 month. 
Improvements were seen in several of chemokines, both in ex vivo 
TLR-responses and in plasma in vivo. Our data suggest that subclini-
cal inflammation and inborn immune system responses largely per-
sist after weight loss. Whether a remission of immune programming 
and "trained" inborn immune responses is observed upon sustained 
weight loss remains to be answered.
Clinical Trial Registration Number: NCT05295160
Supported by: EFSD/Boehringer Ingelheim European Research 
Programme
Disclosure: A.F.H. Pfeiffer: None.

563
The effect of beta-hydroxybutyrate on the IL-10/TNF-a signalling 
axis in type 2 diabetes
H. Neudorf1, K.  Falkenhain1, B.  Oliveira1, H.  Islam1, G.  Jackson1, 
K.  Madden2, J.  Little1;
1Health and Exercise Sciences, University of British Columbia, 
Kelowna, BC, Canada, 2Medicine, University of British Columbia, 
Vancouver, BC, Canada.

Background and aims: Growing evidence indicates that the ketone 
body beta-hydroxybutyrate (BHB) can directly suppress inflamma-
tory signalling implicated in several inflammatory diseases. Chronic 
low-grade inflammation is present in type 2 diabetes (T2D) and 
classic work implicates TNF-α in the pathogenesis of insulin resist-
ance. Therefore, we tested the overall hypothesis that BHB would 
attenuate inflammation in T2D through the IL-10/TNF-α signalling 
axis.
Materials and methods: To test the anti-inflammatory effects of 
BHB, we performed three studies. First, to test the acute effects of 
BHB in vivo, we conducted a randomized, double-blind, placebo-
controlled, crossover trial in which individuals with T2D (N = 18; 
8 female) consumed a single dose of ketone monoester supplement 
(0.3g/kg body weight) to directly elevate blood BHB. Next, we 
conducted a second randomized, double-blind, placebo-controlled, 
crossover trial in which individuals with T2D (N = 15; 6 female) 
consumed one dose of KME (15 g BHB) thrice daily for 14 days to 
test more prolonged effects of raising BHB in vivo. Finally, we con-
ducted a third study to isolate the effect of BHB per se on leukocytes 
and the potential role for elevated glucose to modulate this effect. To 
test this, we stimulated whole blood cultures from people with T2D 
ex vivo with LPS (10 ng/ml) treated with increasing concentrations 
of BHB (0, 1, 2, or 5 mM) and glucose (5 or 15 mM) for 4 or 24 
hours. All data were analyzed with a linear mixed effects model with 
one random effect (participant) and two fixed effects (Study 1 & 2: 
condition and time; Study 3: BHB and glucose).
Results: In the first study, plasma IL-10 was elevated 90 minutes fol-
lowing consumption of a single dose of KME but not placebo, but 
was returned to baseline within 3 hours (condition x time interaction, 
P = 0.046). The elevation in IL-10 coincided with the peak in blood 
BHB resulting from the KME but there was no effect of consuming 
the KME supplement on plasma TNF-α. In the second study, we found 
that elevating BHB chronically in vivo via 14 days of thrice daily KME 
ingestion did not alter fasted plasma cytokines. However, the third study 
found that ex vivo treatment of LPS-stimulated leukocytes with BHB 
suppressed TNF-α secretion into cultures in the absence of changes in 
IL-10. Treatment with BHB for 4 hours suppressed TNF-α secretion 
dose-dependently (main effect of BHB, P < 0.001) regardless of glu-
cose concentration (also in the absence of changes in IL-10). While the 
suppressive effect of BHB on TNF-α was no longer significant after 24 
hours (main effect of BHB, P = 0.058), this response was modulated by 
glucose. High glucose abrogated BHB-mediated suppression of TNF-α, 
while BHB maintained its suppressive effect in the presence of normal 
glucose (main effect of glucose, P < 0.001).
Conclusion: Taken together, BHB appears to alter inflammatory 
signalling through the IL-10/TNF-α signalling axis in vivo and ex 
vivo in T2D. Acute exposure of cells (4 hours) to high glucose - 
similar to what might be experienced during the postprandial period 
in T2D - does not alter the anti-inflammatory effects of BHB but 
prolonged exposure (24 hours) to high glucose may attenuate the 
anti-inflammatory effects of BHB suggesting that BHB may be less 
anti-inflammatory in the context of chronic hyperglycemia. Future 
research should explore the mechanisms by which BHB is altering 
the balance of IL-10 and TNF-α.
Clinical Trial Registration Number: NCT04194450; NCT05155410
Supported by: Canadian Institutes for Health Research
Disclosure: H. Neudorf: None.
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564
The BMAL2 circadian clock gene controls inflammation and met-
abolic adaptation in adipose tissue during diet-induced obesity
M.A. Philippe1, B.  Fruchet1, E.  Challet2, A.  Lehuen1, A.  Toubal1, 
U.C.  Rogner1;
1Institut Cochin, Paris, France, 2Institut des neurosciences cellulaires 
et intégratives, Strasbourg, France.

Background and aims: Recent lifestyle changes including disturbance 
of sleep, feeding rhythms and increased exposure to screens, disrupt 
biological rhythms and particularly increase the risk of obesity and dia-
betes. Obesity is characterized by chronic low-grade inflammation of 
adipose tissue caused by immune-metabolic dysfunctions in mature adi-
pocytes and progenitors, infiltration of pro-inflammatory immune cells, 
and activation of tissue-resident immune cells. Adipocytes can pro-
duce inflammatory cytokines such as TNFα and IL-6, which have been 
directly linked to insulin resistance leading to type 2 diabetes (T2D) 
and fatty liver disease, as well as adipokines (leptin, adiponectin) and 
chemokines which regulate both metabolism and inflammation. BMAL2 
is a transcription factor belonging to the circadian clock, a transcrip-
tional loop driven by light and food that synchronizes metabolic func-
tions with the rhythm of life. The murine Bmal2 gene is involved in type 
1 diabetes and inflammatory mechanisms via the transcriptional control 
of the expression of the cytokine IL-21. In humans, decreased expres-
sion in white adipose tissue and certain polymorphisms of BMAL2 are 
associated with obesity and T2D. A recent study suggests that BMAL2 is 
regulated during weight loss in humans and inhibits adipogenesis. How-
ever, the mechanisms of action of BMAL2 in the control of immune-
metabolic dysfunctions in obesity and T2D remain unknown to date.
Materials and methods: We used a Bmal2-/- mouse model fed a nor-
mal diet or an obesogenic high fat diet and investigated the impact of 
BMAL2 deletion on glucose metabolism, and inflammatory and met-
abolic functions in the liver and epididymal adipose tissue (EpiAT).
Results: Bmal2-/- mice on an obesogenic diet develop exacerbated weight 
gain associated, surprisingly, with a decrease in lipids storage in EpiAT 
and the development of greater hepatic steatosis compared to controls. 
These mice also exhibit a higher level of circulating triglycerides and 
disturbed glucose metabolism with increased glucose intolerance and 
decreased insulin sensitivity due to insulin resistance in liver and EpiAT. 
The EpiAT of Bmal2-/- mice is particularly inflamed with increased infil-
tration by CD8+ T cells and increased expression of inflammatory genes 
(TNFα, IL-6, IL-17). Interestingly, deletion of Bmal2 significantly alters 
TNFα circadian expression rhythm in EpiAT of normal diet and high fat 
diet fed mice. We showed that Bmal2 deletion strongly exacerbates TNFα 
expression in adipocytes and their progenitors, and seems to exacerbate 
high fat diet-induced disruptions of adipocyte progenitors populations.
Conclusion: Our results suggest that BMAL2 is involved in the regu-
lation of pre-adipocyte and adipocyte inflammatory and metabolic 
functions. Its deletion in adipocytes increases their inflammatory 
potential and limits their lipid storage capacity in an obesogenic con-
text, which promotes hepatic steatosis and metabolic complications 
of obesity that are involved in the development of T2D.
Disclosure: M.A. Philippe: None.

565
Human proinflammatory cytokines exhibit circadian rhythm of 
secretion that is tissue specific and perturbed in type 2 diabetes 
patients
A. Lesniewska1,2, O.  Fiammingo1,2, F.  Sinturel1,2, E.  Lefai3, P. 
 Schrauwen4, J.  Hoeks4, V.  Petrenko1,2, C.  Dibner1,2;
1Department of Surgery, University of Geneva, Geneva, Switzerland, 
2Department of Physiology and Metabolism, University of Geneva, 

Geneva, Switzerland, 3Human Nutrition Research Unit, University 
Clermont Auvergne, Clermont-Ferrand, France, 4Department of 
Nutrition and Movement Sciences, Maastricht University, Maastricht, 
Netherlands.

Background and aims: Circadian clocks, operative in most cells of the 
human body, enable to anticipate the rhythm of day and night and drive 
temporal orchestration of the body metabolism. Misalignment of internal 
clocks and geophysical time is associated with metabolic diseases com-
prising type 2 diabetes (T2D). We have recently reported that molecular 
oscillators operative in skeletal muscle, a major site of insulin resistance, 
regulate glucose uptake, lipid metabolism, and rhythmic secretion of 
proinflammatory myokines (IL6, IL8, MCP1) in a physiological context. 
Furthermore, human pancreatic islets derived from T2D donors bear 
perturbed molecular oscillators. Since proinflammatory cytokines may 
contribute to the T2D pathogenesis in humans, we aimed to elucidate 
temporal orchestration of cytokine secretion profiles in a tissue-specific 
manner. This has been achieved by continuous parallel assessment of 
molecular clocks and cytokine secretion by human islet cells, human 
primary skeletal myotube cells (hSKMs), and primary skin fibrobalsts 
established from normo glycemic non-diabetic (ND) and T2D donors.
Materials and methods: Circadian oscillations were monitored by intro-
ducing lentiviral construct encoding for luciferase reporter of core clock 
gene BMAL1 (Bmal1-Luc) and by measuring endogenous gene expres-
sion over time (RT-qPCR). Temporal profiles of cytokine secretion were 
assessed by horizontal perifusion system allowing to collect outflow 
medium with 4 h interval over 48 h with subsequent measurement of pro-
inflammatory cytokines (IL6, IL8, MCP1) by ELISA and multiplex assays.
Results: hSKMs derived from T2D donors exhibit dampened circa-
dian oscillations of Bmal1-luc and decreased endogenous BMAL1 
expression levels, as compared to ND counterparts. Moreover, 
according to JTK-Cycle, the circadian expression profiles of clock 
genes REVERBα and DBP in ND were altered in hSKMs derived 
from T2D donors (defined as circadian in ND (p < 0.01, n=4); and 
non-circadian in T2D (p > 0.1, n=4)). Strikingly, the rhythmic secre-
tion of IL6 by T2D hSKMs was increased. Proinflammatory cytokine 
secretion by human ND islet cells was rhythmic, with non-beta cells 
being a priniciple source of IL6. IL6, IL8 and MCP1 secreted by 
skin fibroblasts exhibit rhythmic profiles that did not change in T2D.
Conclusion: In summary, we show that ND and T2D pancreatic 
islet cells, primary skin fibroblasts and in vitro differentiated hSKMs 
secrete IL6, IL8 and MCP1 in circadian rhythmic manner. These 
rhymic profiles of proinflammatory cytokines were tissue- and cell-
specific. Moreover, perturbed molecular clockworks in T2D hSKMs 
may correlate with altered cytokine secretion.
Supported by: VELUX
Disclosure: A. Lesniewska: None.

566
The liver clock drives circadian regulation of adipogenic genes 
in white adipose tissue
P. Petrus;
Karolinska Institutet, Huddinge, Sweden.

Background and aims: Circadian rhythms are tightly coupled with 
energy homeostasis and are sustained by inter-organ clock commu-
nication. White adipose tissue (WAT) is the main energy reservoir 
of the body and controls metabolism by storing and releasing lipids. 
The transcription factors Cebpα and Pparγ regulate adipogenesis (fat 
cell differentiation), and disruption of adipogenic rhythms has been 
proposed to contribute to the pathophysiology of metabolic diseases. 
Yet, little is known about how the circadian system controls adipogenic 
rhythms. This project aims to investigate the role of the hepatic clock 
in regulating WAT adipogenic gene expression.
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Materials and methods: Animal samples WAT samples were col-
lected every 4 hours over the circadian period from whole-body Bmal1 
(KO) mice, mice with reconstituted Bmal1 in the liver (LRE) and 
their corresponding littermates (WT). These animals lack the central 
clock in the suprachiasmatic nucleus and therefore lack behavioural 
feed-fasting rhythms. All genotypes were therefore subjected to 12-hr 
time-restricted feeding and thus, eating rhythms were re-instated. Cell 
culture experiments Immortalised murine liver (Aml-12) and adipose 
tissue (3T3-L1) cell lines were used to dissect the underlying mecha-
nisms involved in liver-to-WAT communication. This was achieved by 
synchronisation of hepatocytes using a dexamethasone shock followed 
by the transfer of conditioned media to the adipocyte cultures.
Results: We demonstrate that, in the presence of feed-fasting rhythms, 
the hepatic clock is sufficient to drive adipogenic gene expression in 
the WAT. Our in vitro data suggest that Bmal1 in hepatocytes mediate 
these signals via circadian control of hepatokines (proteins secreted 
from hepatocytes).
Conclusion: Taken together, our data indicate that the local WAT 
clock is not required for circadian adipogenic gene regulation and 
that the hepatic clock is sufficient to mediate these rhythms. Future 
experiments will aim to characterise the underlying mechanisms and 
their role in the pathophysiology of metabolic disease.
Supported by: Wenner-Gren foundations, Novo Nordisk foundation 
and the Karolinska Institute
Disclosure: P. Petrus: None.

567
The effect of sex and reproductive status on metabolic parameters 
and liver steatosis in metformin-treated animal model of insulin 
resistance
I. Markova, D. Miklankova, M. Hüttl, H. Malinska;
Centre for Experimental Medicine, Institute for Clinical & Experi-
mental Medicine, Prague, Czech Republic.

Background and aims: Metformin, the first line drug treatment for 
type 2 diabetes (T2D), effectively suppresses hepatic gluconeogenesis 
and thereby reduces hyperglycemia. Recent data suggest that metformin 
could moderate the onset and progression of fatty liver disease, which 
is closely related to T2D. Little is known about the sex-specific effects 
of metformin action yet. The aim of our study was to analyse the effect 
of sex and reproductive status on metabolic parameters in the liver in 
a prediabetic rat model treated with metformin.
Materials and methods: The study was performed on HHTg (heredi-
tary hypertriglyceridemic) male and female rats as a non-obese pre-
diabetic rat model exhibiting dyslipidemia, insulin resistance and 
fatty liver. HHTg females underwent bilateral ovariectomy (OVX) 
mimicking menopause or sham surgery (SHAM) at 8 weeks. Six 
months old male and female rats were randomized into groups (male 
HHTg, female SHAM or OVX) and fed a standard diet with or with-
out metformin (300 mg/kg b.wt. for 6 weeks).
Results: In male HHTg rats and female SHAM and OVX rats, met-
formin treatment did not affect body weight and adiposity. In serum, 
metformin reduced non-fasting glucose in OVX (p<0.05) and male 
HHTg (p<0.001), whereas insulin levels and glucose tolerance were not 
affected in either group of rats. After metformin treatment, serum levels 
of triacylglycerols (TAG) were decreased in male HHTg (p<0.01) and 
SHAM rats (p<0.05), in addition, non-esterified fatty acids (NEFA) 
were reduced in both groups of females. Metformin treatment was 
associated with increased insulin sensitivity (IS) of visceral adipose 
tissue only in SHAM (p<0.001), while muscle IS was improved in 
both female groups. In contrast, male HHTg were almost resistant to 
insulin action. In the liver, metformin decreased TAG accumulation 
in all groups, however lipotoxic diacyglycerols (DAG) were markedly 
reduced only in females (p<0.001). In addition to quantitative changes, 

significant changes were observed in the FA composition in membrane 
phospholipids in the liver - especially in both groups of females there 
were changes in the profile of α-linolenic, docosahexaenoic acid and 
total n3-PUFA (p<0.001). Both groups of females treated with met-
formin exhibited elevated levels of anti-inflammatory PUFA-metabo-
lites - 14, 15-EETs (p<0.001). On the other hand, in metformin treated 
HHTg males, profile of arachidonic acid (AA), dihomo-γ-linolenic acid 
and total n6-PUFA were significantly changed in hepatic membrane 
phospholipids. Significantly affected hepatic AA metabolism in male 
HHTg was manifested in reduced pro-inflammatory AA-metabolites - 
20-HETEs (p<0.001).
Conclusion: Our results show that metformin treatment affected 
insulin sensitivity depending on sex and reproductive status. Fur-
thermore, metformin reduced ectopic lipid accumulation in the liver, 
the effect was more pronounced in females. Different metabolic and 
lipid pathways are involved in the mechanism of the beneficial effect 
of metformin on hepatic lipid metabolism and liver steatosis in HHTg 
males and females.
Supported by: MH CZ No. NU20-01-00083 and IKEM, IN 00023001
Disclosure: I. Markova: None.

568
High-fat diet induces sex-specific divergent adaptations in liver 
and adipose tissue in mice
V. Ribas1,2, S. Moron-Ros1,2, L.  Brugnara1,2, M.  Azagara3, A.  Herrero3, 
E.  Eyre1, M.  Claret1,2, I. Marco-Rius3, A.  Novials1,2, J.-M.  Servitja1,2;
1Liver, digestive system and metabolism, FCRB-IDIBAPS, Bar-
celona, Spain, 2Diabetes y enfermedades metabólicas asociadas, 
CIBERDEM, Madrid, Spain, 3Molecular Imaging for Precision Medi-
cine, IBEC, Barcelona, Spain.

Background and aims: Early stages of type 2 diabetes (T2D) are 
characterized by a range of metabolic imbalances including glucose 
intolerance, insulin resistance, and hyperinsulinemia. These manifes-
tations are associated with obesity and increased fat storage in adi-
pose tissue but also in other tissues such as the liver. Obesogenic diets 
are broadly used for studies of metabolic disease and diabetes in mice. 
However, female mice are often excluded from these studies, which 
results in a lack of comparative data regarding the specific effect of 
sex on metabolic parameters and its applicability to humans. A lower 
susceptibility to T2D has been found in female sex both in animals 
and humans, but this protection is lost in post-menopausal women or 
in animals devoid of ovarian hormones. Thus, we sought to charac-
terize the different adaptations to a metabolic challenge in males and 
females, either at early and later stages of metabolic disease.
Materials and methods: For this aim, groups of male and female 
C57bl/6j mice were fed with regular diet (RD) or with high-fat diet 
(HFD) for 2 (early) or 12 weeks (advanced) and were monitored for 
weight gain, glucose tolerance, insulin secretion. At the end of the 
treatments, tissues were harvested to analyze composition, histology 
and gene expression profile by RNA-seq transcriptomics.
Results: At early and later stages, males displayed a progressive 
increase of glucose intolerance, fasting hyperglycemia, hyperinsuline-
mia, insulin resistance and a blunted glucose-stimulated insulin secre-
tion in vivo at later stages, associated with increased adiposity and liver 
steatosis. Interestingly, females increased body weight and adiposity in 
a comparable degree to males. However, despite this relative increased 
obesity, female animals showed milder glucose intolerance, hypergly-
cemia and lower insulin levels that were responsive to glucose even at 
later stages. This phenotypic difference was associated to a divergent 
gene expression profile in liver and adipose tissue in males and females 
in response to the high-fat diet, already at early point (2 weeks) but 
even more dramatically at 12 weeks of treatment. HFD feeding induced 
moderate changes in gene expression in the liver, affecting pathways 
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related to lipid and retinol metabolism in both sexes and an opposite 
drift and steroid metabolism in males than in females. However, white 
adipose tissue gene expression profile displayed a dramatic change at 
2 weeks of HFD feeding, while this shift was even more pronounced 
at 12 week of diet in male animals affecting predominantly inflamma-
tion, ribosomal and mitochondrial metabolism pathways, while these 
changes were moderate or non-significant in females. For instance, 
mitochondrial oxidative phosphorylation gene pathway was modestly 
decreased at 2 weeks of HFD but was normalized at 12 weeks of HFD 
in females, while this pathway was further down regulated in white 
adipose tissue in males.
Conclusion: These results indicate that there are different pathways 
activated in a sex-specific manner, in response to metabolic pertur-
bations allowing better overall adaptation to HFD in females. These 
sex-specific divergences have relevant implications in research but 
also in clinical management of metabolic diseases.
Supported by: European Union’s Horizon 2020 programme No 
863037 (BLOC project); ISCIII, EU (PI20/00658); EFSD/Boehringer 
Ingelheim
Disclosure: V. Ribas: Grants; European Union’s Horizon 2020 pro-
gramme under grant agreement No 863037 (BLOC project), Instituto 
de Salud Carlos III, co-funded by the European Union (PI20/00658), 
EFSD/Boehringer Ingelheim European Research Programme grant.

569
Sexually dimorphic responses in obesity, glucose tolerance and 
diabetes caused by CCN5/ WISP2 gene deficiency and adipocyte-
specific overexpression
J. -L. Liu, T. Alami, M. Zakikhani, V. Xega;
MeDiC Program, McGill University Health Centre, Montreal, QC, 
Canada.

Background and aims: CCN5/WISP2 is a matricellular protein, the 
expression of which is under the regulation of Wnt signaling and IGF-
1. Our previous works suggest that CCN5 promotes β-cell prolifera-
tion and survival, via Akt/PKB and focal adhesion kinase. Recently, 
a systemic deficiency of CCN5 gene caused adipocyte hypertrophy, 
increased adipogenesis, and lipid accumulation, resulting in insulin 
resistance and glucose intolerance which are further exacerbated upon 
high-fat diet (HFD) feeding. On the other hand, an adipocyte-specific 
and systemic overexpression of CCN5 caused an increase in lean 
body mass, improved insulin sensitivity, and decreased glucose level. 
CCN5 is clearly a regulator of adipocyte proliferation and maturation, 
affecting lean/fat mass and insulin sensitivity.
Materials and methods: (A) In order to consolidate those findings, 
we characterized CCN5 knockout mice fed in chow diet or 60% HFD. 
Unlike being reported, however, CCN5 knockout mice, both male 
and female, exhibited no significant change in lean/fat mass, insu-
lin sensitivity, nor glucose tolerance when fed a chow diet, despite 
~50% reductions in β-cell area and serum insulin level at 9 mo. Upon 
HFD feeding, CCN5 knockout mice gained similar weight as their 
wild-type counterparts but demonstrated sexual dimorphic changes 
in insulin sensitivity. Male knockout mice displayed significant 
improvements in insulin sensitivity and glucose tolerance, despite 
being equally obese as their wild-type controls; while the smaller 
improvements in female knockout mice were not as significant. At the 
end of the 27 weeks of HFD, the increased levels of serum insulin in 
response to obesity were 30-60% diminished in knockout mice than in 
wild-type counterparts, also indicating improved insulin sensitivity.
Results: (B) In a gain-of-function approach, we assessed aP2-CCN5 
transgenic mice which overexpress CCN5 in adipose tissues. They 
have increased serum level of CCN5, lean body mass and whole-body 
energy expenditure. We first fed wild-type and transgenic mice a 60% 
HFD for two weeks before administering 50 mg/kg streptozotocin 

(STZ) for 5 d, every other day. (i) In male mice, the HFD-STZ induced 
a steady elevation in glycemia in 7 weeks; CCN5 overexpression 
slowed down and curtailed the elevation and improved glucose toler-
ance, suggesting a partial but significant protection from diabetes. (ii) 
Female wild-type mice exhibited only a slight elevation in glycemia. 
However, aP2-CCN5 mice displayed a steady increase in glycemia and 
significantly impaired glucose tolerance, suggesting rather worsening 
diabetes due to CCN5. In both male and female mice, there was no 
obvious difference in insulin sensitivity at 21 d nor in the overall weight 
loss caused by STZ. We are still analyzing the corresponding changes 
in serum insulin level and β-cell morphometry.
Conclusion: Our assessment of the CCN5 knockout mice seems to indi-
cate that normal, endogenous expression of CCN5 gene is detrimental 
to metabolic compensations against diet-induced obesity, especially in 
male mice. These observations are not only unexpected but also con-
tradicts a previous report. We are still characterizing potential changes 
in pancreatic islet morphometry and molecular markers of β-cell func-
tion. Our results in the overexpression support the notion that increased 
CCN5 level protects the β-cells, however only in male mice. The over-
expression was actually detrimental to female islet protection.
Supported by: NSERC, CIHR
Disclosure: J. Liu: None.

570
Familial partial lipodystrophy: anthropometric, biochemical, 
genetic and imaging characteristics in females
W.J. Loh1, Y.  Jadegoud2, A.J.  Hooper3, S.A.  Sadananthan2, Y. 
 Kway2, S.C.  Lim4, S.S.  Velan2, M.K.S.  Leow5, J.  Khoo1;
1Changi General Hospital, Singapore, Singapore, 2Singapore Institute 
for Clinical Sciences, Agency for Science Technology, Singapore, 
Singapore, 3Department of Biochemistry, Pathwest and Fiona Stanley 
Hospital Network, Perth, Australia, 4Diabetes Centre, Admiralty Medi-
cal Centre, Singapore, Singapore, 5Department of Endocrinology, Tan 
Tock Seng Hospital, Singapore, Singapore.

Background and aims: Familial partial lipodystrophy (FPL) is an 
under-recognised condition characterised by increased genetic predis-
position to abnormalities in white adipose tissue function, quantity, 
and distribution, leading to young-onset metabolic syndrome, severe 
insulin resistance, type 2 diabetes mellitus (T2DM), hepatic steatosis, 
dyslipidaemia, and premature coronary artery disease. However, in 
clinical practice, there are no clear criteria to diagnose FPL. This pilot 
study aimed to (i) determine clinical markers using skinfold measure-
ments, DXA and MRI scans to identify individuals with FPL, and (ii) 
to characterise their adipose tissue distribution and fat phenotypes.
Materials and methods: Patients with clinically apparent partial 
lipodystrophy with a positive family history were recruited. Controls 
were age and BMI-matched females without partial lipodystrophy. In 
8 females with FPL and 4 female controls, skinfold measurements, 
HOMA-IR, whole genome sequencing, and DXA were performed. 
MRI was used to measure abdominal subcutaneous adipose tissue 
(SAT), visceral adipose tissue (VAT), femoral and calf SAT and mus-
cle volumes. Liver, pancreatic and muscle fat were quantified by MRI 
based proton density fat-fraction (PDFF) measures.
Results: The median age in the FPL and control groups were 39 
and 47.5 years respectively (p=ns). Both groups median BMI were 
32-33 kg/m2 (p=ns). All 8 patients in the FPL group had T2DM 
with a median disease onset at age 31 years, whereas only 1 out of 
4 controls had T2DM. FPL when compared to controls, had higher 
levels of HOMA-IR (9.49 vs 3.23, p=0.028). In the FPL group, the 
thigh skinfold thickness was lower (20.4 mm vs 51.4 mm, p=0.008) 
with a correspondingly increased subscapular to thigh skinfold ratio 
(1.73 vs 0.91, p=0.004), and iliac to thigh skinfold ratio (1.78 vs 0.73, 
p=0.004). The FPL group had a reduced leg fat percentage (34.6 vs 
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48.1, p=0.004), with an increased ratio of trunk to legs fat percentage 
(1.36 vs 0.98, p=0.004), and android to gynoid ratio (1.21 vs 0.98, 
p=0.008). The FPL group had decreased SAT volume in the femoral 
and calf (p<0.01), but not abdominal SAT, VAT, femoral or calf 
muscle volumes. Correspondingly, the abdominal SAT to femoral 
and calf SAT ratio were both increased (p<0.01). The intra-hepatic, 
pancreatic, and muscular PDFF trended higher in the FPL group but 
were not statistically significant. Whole genome sequencing was 
negative for monogenic causes of FPL, obesity, and diabetes, but 
polygenic scores for partial lipodystrophy were elevated in keeping 
with FPL type 1.
Conclusion: Patients with FPL have significant loss of adipose tis-
sue in lower limbs and early onset of diabetes. Reduced thigh skin-
fold, and increased fat percentage of trunk to legs ratio on DXA are 
potentially clinically useful markers to identify FPL. More studies are 
required to confirm the clinical utility of these markers.
Supported by: CGH
Disclosure: W.J. Loh: None.
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Sestrin2 knockout exacerbates high-fat diet induced metabolic 
disorders in female mice
C. Kan, L. Zhang, Y. Luo, K. Zhang, J. Zhang, F. Han, N. Hou, X. 
Sun;
Department of Endocrinology and Metabolism, Affiliated Hospital 
of Weifang Medical University, Weifang, China.

Background and aims: Obesity and its complications have become 
a major public health issue, with gender differences observed in the 
development of metabolic disorders. Studies have shown that females 
are more resistant to developing metabolic comorbidities associated 
with obesity than males. Despite this, the mechanisms underlying 
these sex-specific differences remain incompletely understood. Ses-
trin2 is a protein that is involved in cellular processes, metabolism 
and energy balance. This study aims to investigate whether Sestrin2 
knockout (KO) exacerbates high-fat diet (HFD) induced obesity in 
female mice.
Materials and methods: Female mice with a Sestrin2 KO and wild-
type mice were fed an HFD for 12 weeks. Metabolic phenotyping 
of the mice and histopathological analysis of key metabolic tissues 
were conducted. Western blot or qRT-PCR was used to determine 
proteins and genes associated with inflammation and lipid metabo-
lism in adipose tissues.
Results: Compared to mice fed a regular diet, HFD-fed mice showed 
significant increases in body weight and fat mass. Relative to wild-
type mice, KO mice showed more metabolic abnormalities, including 
increases in body weight and fat mass, impaired glucose tolerance 
and insulin sensitivity, and increased levels of free fatty acids and 
triglycerides, when exposed to an HFD. Additionally, HFD-fed-KO 
mice showed more severe multiple tissue injuries, including increased 
hepatic enzymes, urinary albumin excretion, cardiac dysfunction, and 
ectopic lipid accumulation in the liver, kidney, and heart. Further-
more, increased inflammation, lipid synthesis and decreased brown-
ing were observed in white adipose tissue from HFD-fed-KO mice.
Conclusion: Female mice are resistant to HFD-induced obesity, 
which disappears with Sestrin2 KO. Sestrin2 KO exacerbates HFD-
induced obesity and metabolic disorders in female mice. Our results 
suggest that Sesn2 is a novel regulator of obesity and metabolic dis-
orders in female mice.
Supported by: NSFC (82170865)
Disclosure: C. Kan: None.

SO 36 Obesity and diabetes 
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The dysregulation of energy balance crosstalk between the hypo-
thalamus and the brown adipose tissue in overfed rats exposed 
to maternal glycation
D. Sousa1, A.  Amaro1, M.  Rocha1, M.  Junior2, C.  Barra1, R. Mello-
Gomes3, P.  Matafome1,4;
1Institute of Physiology, Institute for Clinical and Biomedical Research, 
Coimbra, Portugal, 2Department of Physiological Sciences, Institute of 
Biological Sciences, University Federal of Goiás, Goiana, Brazil, 3Depart-
ment of Physiological Sciences, Institute of Biological Sciences, Univer-
sity Federal of Goiás, Goiânia, Brazil, 4Polytechnic University of Coimbra, 
School of Health Technology of Coimbra (ESTeSC), Coimbra, Portugal.

Background and aims: Westernized diets rich in advanced glycation 
end products disrupt offspring energy balance during gestation and 
lactation. The hypothalamus controls energy balance in brown adi-
pose tissue (BAT) through neuropeptide Y (NPY) and dopamine sig-
nalling. BAT increases glucose and lipid metabolism, contributing to 
a healthy metabolic state. Activation of hypothalamic NPY-1 receptor 
(NPY1R) and dopamine-1 receptor (D1R) increases food intake. NPY 
also suppresses thermogenesis in BAT through central sympathetic 
innervation. Dysregulation of BAT-hypothalamus crosstalk impairs 
thermogenesis in BAT, contributing to energy imbalance and, thus, 
to metabolic diseases. Our aim was to investigate the role of energy 
balance mechanisms, in both hypothalamus and BAT of overweight 
offspring exposed to maternal glycation during the perinatal period.
Materials and methods: Three animal models were studied: 1) Male 
newborns with 45 days submitted litter reduction on the third day 
after birth inducing postnatal overweight (small litters -SL). 2) Male 
offspring (45 days) of Wistar dams treated with S-p-bromobenzylglu-
tathione cyclopentyl diester (BBGC, selective inhibitor of Glyoxalase-1, 
5mg/kg, 6 days after delivery). DMSO was used as a vehicle. 3) Male 
offspring (45 days) from Wistar dams treated with BBGC were exposed 
to litter reduction on the 3rd day after birth. NPY, ghrelin, and dopamine 
pathways were analysed in both the hypothalamus and BAT. Unpaired t 
tests or one-way ANOVAs were conducted for statistical analysis
Results: The dopaminergic signalling was not affected in overweighted 
rats while NPY1R decreased in the hypothalamus (p<0.05 vs control), 
while in the BAT, both the NPY1R and NPYR2 were increased (p<0.05 
vs control). Maternal glycation also induced a decrease in hypothalamic 
NPY1R levels (p<0.01 vs control), but an upregulation of D1R in lean 
animals (p<0.01 vs control), suggesting alterations in energy expendi-
ture mechanisms at central levels. Glycotoxins also hampered weight 
gain in overfed rats, leading to the loss of the compensatory NPY1R 
decrease induced by SL (p<0.05 vs SL), also decreasing the autoinhibi-
tory receptor (NPY2R) (p<0.05 vs control), suggesting higher energy 
expenditure inhibition at central level. In BAT, energy balance mecha-
nisms were unaltered in lean male rats exposed to glycotoxins, while in 
SL offspring NPY1R levels remain increased (p<0.05 vs control) but 
the compensatory increase of NPY2R is lost (p<0.05 vs SL).
Conclusion: Postnatal overweight induced hypothalamic adaptative 
mechanisms to compensate for the higher nutritional intake, decreasing 
central thermogenesis inhibitory mechanisms (NPY1R) by sympathetic 
innervation, while potentiating BAT NPY signalling. Such alterations 
in BAT are partially lost when the offspring is exposed to glycotoxins 
during lactation, possibly contributing to programming of energy imbal-
ance. Thus, early disruption of the crosstalk between the hypothalamus 
and BAT may predispose to the development of metabolic diseases.
Disclosure: D. Sousa: None.
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An abdominal fat partitioning pattern characterises risk for ges-
tational diabetes in Asian women
Y.M. Kway1,2, N.  Michael1, K.H.  Tan3,4, K.M.  Godfrey5, P.  Gluckman1, 
Y.  Chong1,2, M.V.  Fortier1,3, J.K.Y.  Chan3, S.-Y.  Chan1,2, J.  Huang1, Y. 
 Lee1,2, J.G.  Eriksson1,2, M.  Feng2, S.  Velan1, S.  Sadananthan1;
1Singapore Institute for Clinical Sciences, A*STAR, Singapore, Singapore, 
2National University of Singapore, Singapore, Singapore, 3KK Women’s 
and Children’s Hospital, Singapore, Singapore, 4Duke-NUS Medical 
School, Singapore, Singapore, 5University of Southampton & University 
Hospital Southampton NHS Foundation Trust, Southampton, UK.

Background and aims: Impairments in energy storage capability 
and supply during pregnancy can lead to metabolic abnormalities and 
increase the risk for gestational diabetes mellitus (GDM). We previ-
ously identified that a higher relative amount of intraperitoneal adi-
pose tissue (IPAT) in combination with lower relative amount of deep 
subcutaneous adipose tissue (DSAT) represents a metabolically unfa-
vorable abdominal adipose tissue (AAT) distribution pattern that was 
associated with metabolic syndrome in Asian women, independent 
of BMI. This obesity phenotype, indicating reduced DSAT expand-
ability, might decrease metabolic flexibility during pregnancy. In this 
work, we aimed to evaluate if this obesity phenotype at preconception 
is predictive of GDM in the Singapore Preconception Study of Long-
Term Maternal and Child Outcomes (S-PRESTO).
Materials and methods: We analyzed data from 91 women aged 
21-39 years who underwent magnetic resonance imaging (MRI) at 
preconception and had an OGTT at 27-28-week gestation to ascertain 
GDM (IADPSG criteria). AAT depots were segmented and quanti-
fied from MRI, converted to relative volumes, and expressed as % 
of total AAT. Participants were stratified into 4 obesity phenotypes: 
P1 (↑IPAT↓DSAT), P2 (↑IPAT↑DSAT), P3 (↓IPAT↓DSAT), and P4 
(↓IPAT↑DSAT) using previously identified cut-off values of 27.3% 
and 14.5% for DSAT and IPAT, respectively. Logistic regression was 
used to assess the odds for GDM between the obesity phenotypes, 
adjusted for age, ethnicity, maternal education, and BMI.
Results: P4 defined most participants with normal weight (Asian 
cut-off: BMI<23) and was considered as the reference group 
(Table 1). Compared to P4, P1 and P2 showed increased BMI and 
waist circumference. Despite similar WC in P1 and P2, BMI was 
higher in P1 compared to P2. 17 women (19%) were diagnosed with 
GDM. P1 individuals had a >5 times higher odds of GDM (Odds 
ratio (95%CI) 5.32 (1.13-26.98)) compared to P4 individuals, while 
the odds of GDM (Odds ratio 0.61 (0.03-4.26)) for individuals in 
P2 was not significantly different from that of individuals in P4, 
despite having similar waist circumference with individuals in P1.
Conclusion: Asian women with higher levels of %IPAT and lower 
levels of %DSAT have an increased risk for GDM independent of 
BMI. Reduced DSAT expandability during pregnancy may prevent 
safe disposal of excess energy and could result in GDM. Interven-
tion strategies targeted at maintaining a healthy AAT partitioning 
pattern could help to reduce the risk of developing GDM.

Supported by: OF-LCG; MOH-000504
Disclosure: Y.M. Kway: None.

574
Paternal childhood obesity induced transgenerational inherit-
ance of obesity in mice up to the F3
M. Mourin1, F.  Palmieri1, I. Palacios-Marin2, J.  Cebria2, M. 
Ramon-Krauel2, C.  Lerin2, J. Jimenez-Chillaron1;
1Unitat de Biofísica, Facultad de Medicina, L’Hospitalet de Llo-
bregat, Barcelona, Spain, 2SJD-Children’s Hospital, Esplugues de 
Llobregrat, Spain.

Background and aims: According to the WHO, “childhood obesity is 
one of the most serious public health challenges of this century”. Obesity 
has a strong heritable component, and it will impact future generations 
as well. However, genetic variants contribute with less than 40% to the 
inheritance of the disease. Hence, epigenetic mechanisms might contrib-
ute to the inheritance of the obesity risk. We have developed a mouse 
model childhood obesity and non-genomic transmission of the disease.
Materials and methods: Briefly, we exposed isogenic mice to over-
nutrition during the suckling period for 3 consecutive generations.
Results: The overfed mice developed overweight and obesity with age-
ing. Strikingly, the obese phenotypes were inherited for 3 additional 
generations through the paternal lineage in the absence of the trigger. 
This data suggests that adiposity is inherited from the F2 to F5 through 
non-genetic mechanisms (likely epigenetic). Here we analysed gene 
expression profiling (RNA-sequencing) in the white adipose tissue of 
adult mice across all six generations. Interestingly, several hundred 
genes appeared significantly deregulated in the adipose tissue of the 
obese mice (F0-to-F2) and their progeny (F3-F5). However, none of 
them was altered in all generations, suggesting that inheritance of the 
obese phenotype is not likely due to genetic variation. Yet, it is worth 
noting that at least two genes were de-regulated in 4 generations: Grem2, 
which is involved in the browning process and obesity development; and 
Gnpnat1 that is associated with insulin secretion and diabetes.
Conclusion: In conclusion, we have a mouse model in which her-
itability of adiposity likely results from the complex interaction 
between genetic and epigenetic mechanisms.
Supported by: JFT-62167
Disclosure: M. Mourin: Grants; JFT-62167.
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Multi-omics analysis of hepatoblast development reveals sex-
specific responses to maternal high-fat diet feeding
C. Uhlemeyer1, M.  Schouwink2, A.  Heusch1, M.  Jonuscheit1, B. 
 Korzekwa1, V. Schrauwen-Hinderling1, S.  Hartwig1, S.  Lehr1, T. 
 Wachtmeister3, K. Köhrer3, E.  Lammert1,4, M.  Roden1,5, H. Al-
Hasani1,6, R.  Ensenauer2,7, B.-F.  Belgardt1;
1German Diabetes Center, Leibniz Center for Diabetes Research at 
Heinrich Heine University Düsseldorf, Düsseldorf, Germany and Ger-
man Center for Diabetes Research (DZD e.V.), München-Neuherberg, 
Germany, 2University Children’s Hospital, Heinrich Heine University 
Düsseldorf, Düsseldorf, Germany, 3Biological and Medical Research 
Centre (BMFZ), Medical Faculty, Heinrich Heine University Düssel-
dorf, Düsseldorf, Germany, 4Institute of Metabolic Physiology, Heinrich 
Heine University Düsseldorf, Düsseldorf, Germany, 5Department of 
Endocrinology and Diabetology, Medical Faculty and University Hospi-
tal Düsseldorf, Heinrich Heine University Düsseldorf, Düsseldorf, Ger-
many, 6Medical Faculty, Heinrich Heine University Düsseldorf, Düs-
seldorf, Germany, 7Institute of Child Nutrition, Max Rubner-Institut, 
Federal Research Institute of Nutrition and Food, Karlsruhe, Germany.

Background and aims: Maternal obesity correlates with increased 
risk for development of metabolic diseases in the adult offspring. 
Moreover, sex-specific differences in animal models for maternal 
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obesity have been reported, such as hepatic steatosis and insulin 
resistance specifically in male offspring during adulthood. However, 
the underlying molecular mechanisms are poorly understood. We 
aimed to investigate sex-specific metabolic and molecular changes 
in the fetal liver dependent on maternal diet.
Materials and methods: Female NMRI mice were fed with either a 
control (CD) or a high-fat (HFD, 60% kcal from fat) diet from weaning 
onwards, and mated at the age of 12 weeks. Morphological analyses, tran-
scriptomics and proteomics studies of MACS and FACS purified DLK1-
positive fetal hepatoblasts of both sexes were performed at embryonic 
day 13.5.
Results: Maternal HFD-feeding increased fetal liver volume in 
both sexes by 52-55% compared to maternal CD, as analyzed via 
immunohistochemistry. Moreover, transcriptomics and proteom-
ics data including pathway enrichment analyses demonstrated an 
increase in lipid metabolism regulating transcripts and proteins in 
fetal hepatoblasts upon maternal HFD, including CPT1α, FABP2 
and ACOX2 (36%, 33% and 45% upregulated on protein level, 
respectively). Importantly, we found sex-specific differences in 
the expression of specific anti- and pro-steatotic transcripts and 
proteins, including Irf9 (90% increase in female vs. male fetal 
hepatoblasts that experienced maternal HFD) and PEX2 (750% 
increase in male fetal hepatoblasts that experienced maternal HFD 
vs. maternal CD). Irf9 is a transcription factor and PEX2 is an E3 
ubiquitin ligase that were previously linked to steatosis develop-
ment in non-alcoholic fatty liver disease (NAFLD).
Conclusion: We find that maternal HFD-feeding increases fetal 
liver volume and changes the expression profile of fetal hepatoblasts 
towards increased lipid uptake, transport and oxidation, partially in 
a sex-dependent manner. While hepatoblasts from female embryos 
respond to maternal HFD with increased expression of anti-steatotic 
Irf9, hepatoblasts from male embryos - which develop hepatic stea-
tosis in adulthood - fail to do so but rather upregulate PEX2, which 
might induce a pro-steatotic hepatic environment.
Supported by: GRK2576
Disclosure: C. Uhlemeyer: None.

576
Hyperglycaemia in pregnancy leads to sex-specific differences 
in metabolism and pancreatic beta cell function in young adult 
offspring
L. Nicholas1, S. O’Hara1, K.  Gembus1, G.  Clarke2,3, A.  Page2,3;
1Robinson Research Institute, University of Adelaide, Adelaide, 
Australia, 2Vagal Afferent Research Group, University of Adelaide, 
Adelaide, Australia, 3Nutrition, Diabetes & Gut Health, Lifelong 
Health Theme, South Australian Health & Medical Research Insti-
tute, Adelaide, Australia.

Background and aims: Maternal hyperglycemia is a major risk fac-
tor for type 2 diabetes (T2D) in the offspring. There is, however, lim-
ited understanding of how metabolic dysfunction evolves in exposed 
offspring, which has led to a gap in our knowledge of T2D patho-
genesis in this context. Thus, the aim of this study was to determine, 
using a mouse model, how growth and metabolism is altered in male 
and female offspring from birth to young adult life in response to 
maternal hyperglycemia.
Materials and methods: Female mice were fed either chow or a high-
fat, high-sugar (HFHS) diet from before mating through to weaning. 
Body weight and composition were measured weekly. IPGTT and 
IPITT were performed prior to mating, at day 16 of pregnancy and the 
end of lactation. Offspring were weaned onto chow. Body weight and 
composition were measured weekly from weaning. At 6 weeks old, 
offspring were placed in a metabolic cage. IPGTT and IPITT were 
performed at 8 weeks of age after which islets were isolated to measure 

dynamic insulin secretion. IPGTT, IPITT and insulin secretion data 
were analysed using a mixed effects model. All other data were ana-
lysed using Student’s unpaired t-test. A probability level of 5% was 
taken to be significant.
Results: HFHS-fed mice had increased adiposity (P<0.001), insulin 
resistance (P<0.01), hyperinsulinemia (P<0.01) and glucose intoler-
ance (P<0.01) prior to mating. At gestational day 16, control but not 
HFHS-fed dams had higher plasma insulin during the IPGTT compared 
to pre-pregnancy resulting in glucose intolerance in the latter (P<0.05). 
Metabolic health of HFHS-fed dams was further compromised post-
weaning. Maternal hyperglycemia had no impact on offspring body 
weight at postnatal day 2. However, growth was decelerated in the 
first 2 weeks of life followed by catch-up growth (P<0.01) in male 
offspring of HFHS-fed dams. Despite comparable body weight, fat 
mass was increased in both male (P<0.01) and female (P<0.05) off-
spring of hyperglycemic dams from 3 to 8 weeks of age. Male offspring 
had higher adiposity levels despite increased energy expenditure (EE; 
P<0.01) and similar food intake. Interestingly, exposure to maternal 
hyperglycemia led to altered feeding behaviour in these offspring; fewer 
meals were consumed in both light (P<0.01) dark (P<0.05) phases. 
However, meal size was larger in the light phase and meal duration 
longer in the dark phase (P<0.05). In contrast to males, EE was com-
parable between female offspring. Similar to males, female offspring of 
HFHS-fed dams consumed fewer meals but spent more time eating in 
the light phase (P<0.05). Despite normal glucose tolerance and insulin 
sensitivity, male offspring of HFHS-fed dams were hyperinsulinemic 
during the IPGTT (P<0.01). In contrast, female offspring had reduced 
insulin sensitivity (P<0.01) and higher plasma insulin concentration 
at baseline and 45 min (P<0.05). Interestingly, insulin secretion was 
increased only in islets from male offspring characterised by a marked 
increase in 1st phase secretion (P<0.001).
Conclusion: There are sex-specific mechanisms contributing to future T2D 
risk in offspring exposed to maternal hyperglycemia with primary hyperin-
sulinemia being an early feature in males and insulin resistance in females.
Supported by: NHMRC (GNT1092158)
Disclosure: L. Nicholas: None.

577
Impact of maternal high caloric feeding on aldehyde dehydroge-
nase 1a7 (Aldh1a7) expression in E13.5 adipocytes and its role in 
adipogenic differentiation
M. Schouwink1, C.  Uhlemeyer2, P.  Petzsch3, K. Köhrer3, B.-F. 
 Belgardt2, S. Öner-Sieben4, R.  Ensenauer4;
1Department of General Pediatrics, Neonatology, and Pediatric Cardi-
ology, Heinrich Heine University Düsseldorf, Düsseldorf, Germany, 
2Institute for Vascular and Islet Cell Biology, German Diabetes Center, 
Düsseldorf, Germany, 3Genomics & Transcriptomics Laboratory, 
Heinrich Heine University Düsseldorf, Düsseldorf, Germany, 4Insti-
tute of Child Nutrition, Max Rubner-Institut, Karlsruhe, Germany.

Background and aims: Obesity has become a worldwide epidemic 
with 43% of women in Germany entering pregnancy being over-
weight or obese. This obesogenic environment during pregnancy 
increases the offspring’s risk for obesity and type 2 diabetes later in 
life. Offspring adipose tissue is especially susceptible for environ-
mental influences during gestation with long lasting effects on its 
function. The underlying mechanisms for fetal adipogenic program-
ming remain largely unknown.
Materials and methods: To address the effects of maternal obe-
sity on adipocyte development in offspring, female Naval Medical 
Research Institute (NMRI) mice were fed either a control (CD) or a 
high caloric diet (HCD) after weaning, and mated at 12 weeks of age. 
At embryonic day 13.5 (E13.5) mouse embryonic fibroblasts (MEF) 
were isolated from offspring of either group. We chemically induced 
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adipogenesis and isolated differentiated adipocytes using density 
based gradient sorting. Adipocyte differentiation was measured by 
fluorescent lipid droplet staining and quantification of the fluores-
cence signal. The transcriptome of MEF-derived adipocytes from 
all groups was analyzed using RNA sequencing. Finally, the impact 
of differentially expressed genes on adipogenesis was validated in 
differentiating 3T3-L1 preadipocytes.
Results: In adipocytes differentiated from MEFs, which were 
derived from embryos that were exposed to maternal HCD feeding, 
the expression of Aldh1a1 (fold change (FC) = -1.67, p = 0.016), 
Aldh1a7 (FC = -2.19, p = 0.007), Scand1 (FC = 1.75, p = 0.007) 
and H2-Q2 (FC = 2.23, p = 0.018) was dysregulated compared to 
those from embryos exposed to maternal CD feeding. In 3T3-L1 
cells, mRNA expression of Aldh1a1 and Aldh1a7 was up-regulated 
2.5-fold (p = 0.049) and 169-fold (p < 0.001), respectively, and 
Scand1 expression decreased by 85% (p = 0.031) during adipocyte 
differentiation compared to undifferentiated cells, which suggests a 
role of these genes in adipogenesis. RNAi-mediated knockdown of 
Aldh1a7 reduced lipid droplet formation in differentiating 3T3-L1 
cells by 34% (p = 0.001). Aldh1a7 knockdown strongly impacts 
adipogenesis by reducing expression of key adipogenic markers 
(Pparg2 56% p = 0.049; Cebpa 54% p = 0.032; Fabp4 55% p = 
0.048).
Conclusion: Maternal high caloric feeding leads to transcriptomic 
changes in MEF-derived adipocytes as early as E13.5. We identify 
Aldh1a7 as a key regulator of adipogenesis, which might medi-
ate maternal influences on adipose tissue development in mouse 
offspring. Aldh1a7 is a potential drug target for intervention stud-
ies of transgenerational inheritance of obesity and related cardio-
metabolic diseases.
Supported by: DFG RTG 2576 RTG 2576 vivid - In vivo investiga-
tions towards the early development of type 2 diabetes
Disclosure: M. Schouwink: None.

578
Effect of maternal thyroid hormones during gestation on the epi-
genetic regulation of Leptin transcription
L. Müller1, R. Ölkrug2, J.  Mittag2, P.  Kovacs1, K.  Krause1, M. 
 Keller3;
1Medical Department III – Endocrinology, Nephrology, Rheuma-
tology, University of Leipzig Medical Center, Leipzig, Germany, 
2Institute for Endocrinology and Diabetes - Molecular Endocrinol-
ogy, Center of Brain Behavior and Metabolism CBBM, University 
of Lübeck, Lübeck, Germany, 3Helmholtz Institute for Metabolic, 
Obesity and Vascular Research (HI-MAG) of the Helmholtz Center 
Munich at the University of Leipzig and University Hospital Leipzig, 
Leipzig, Germany.

Background and aims: Maternal thyroid hormone insufficiency can 
cause insulin resistance and obesity in the offspring, likely medi-
ated by epigenetic processes. Therefore, we elucidated the effect of 
maternal thyroid hormones on epigenetic regulation of Leptin (Lep) 
in adipose tissue and investigated the functional role of DNA meth-
ylation at a putative Lep upstream enhancer (UE) region in the adipo-
cyte biology using a CRISPR/dCas9-based approach in immortalized 
murine epididymal preadipocytes.
Materials and methods: In vivo: Pregnant wild type C57BL/6NCrl 
mice were treated orally with 0.5mg/L 3,3’5-Triiodo-L-thyronine (T3). 
Body composition of offspring mice was analysed and adipose tissue 
samples were collected at ~6 months of age (treatment: N=8 vs. con-
trol: N=12). DNA methylation at the Lep UE region and Lep mRNA 
level were determined in gonadal white adipose tissue (gWAT) samples 
from the offspring. In vitro: Targeted demethylation of the putative 
Lep UE was induced using a dCas9-SunTag and single-chain variable 

fragment-TET1 catalytic domain system. The pPlatTET-gRNA2 all-
in-one vector targeting the murine Lep UE was cloned and transfected 
into preadipocytes using electroporation. Preadipocytes were harvested 
24h post-transfection and FACS-sorted for GFP-positive cells which 
were then differentiated into mature adipocytes. We measured DNA 
methylation by bisulfide sequencing, mRNA levels using RT-qPCR and 
lipid accumulation by AdipoRed staining.
Results: High maternal T3 levels during pregnancy led to a signifi-
cantly reduced body weight, total fat mass and gWAT mass relative 
to body weight (all P<0.02) in the offspring. Two-way interaction 
ANOVA revealed a statistically significant interaction between sex 
and T3 treatment on Lep mRNA level (P=0.004). We observed sig-
nificantly lower Lep mRNA levels (P=0.016), in line with signifi-
cantly higher DNA Lep UE methylation in gWAT of female offspring 
from mothers with high T3 levels compared to offspring from control 
dams (P=0.049). Higher DNA methylation of the Lep UE was asso-
ciated with a lower Lep mRNA level in females irrespective of T3 
treatment (β=-0.017,  R2=0.47, P=0.019), which was in the opposite 
direction in male offspring, albeit not significant (β=0.011,  R2=0.36, 
P=0.088). Although CRISPR/dCas9 based editing in male epididymal 
preadipocytes resulted in a ~20% reduction of the Lep UE methylation 
(P=3.97x10-4), no effect on Lep mRNA level or lipid content after Adi-
poRed staining of differentiated adipocytes was seen. Nevertheless, Lep 
UE DNA methylation was associated with Lep mRNA levels (β=0.041, 
 R2=0.35, P=0.009) in the same direction already seen in male mice.
Conclusion: Our data support the role of maternal thyroid hormones 
in the regulation of Lep transcription through effects on Lep UE meth-
ylation in a sex-specific manner.
Disclosure: L. Müller: None.

579
Postnatal overfeeding triggers sex-specific neurodevelopmental 
delay and induces anxious-like behaviour accompanied by brain-
region-specific synaptic imbalance
A. Amaro1, D.  Sousa1, M. Sá-Rocha1, M. Júnior2, L.  Saavedra3, C. 
 Barra1, F.I.  Baptista1, P.  Matafome1,4;
1Department of Physiology, iCBR-Faculty of Medicine - University of 
Coimbra, CIBB and CACC, Coimbra, Portugal, 2Department of Physi-
ological Sciences, Institute of Biological Sciences, University Federal 
of Goiás, Goiânia, Brazil, 3Department of Biotechnology, Genetics 
and Cell Biology, Laboratory of Secretion Cell Biology, State Uni-
versity of Maringa, Brazil, Maringá, Brazil, 4Polytechnic University 
of Coimbra, Coimbra Health School (ESTeSC), Coimbra, Portugal.

Background and aims: Disturbances during the postnatal period 
can affect synaptic connections, having long-lasting effects on emo-
tional and cognitive behaviours in later life. However, the underlying 
mechanistic pathways involved in these alterations are not clear. Our 
aim was to evaluate the effect of postnatal overfeeding on neurode-
velopment and behaviour, and the potential underpinning molecular 
mechanisms involved in behavioural alterations, according to brain 
region and sex specificities.
Materials and methods: To study postnatal overfeeding consequences, 
a small litter procedure was performed (reduction to 3 pups at postnatal 
day (PND3) in male and female offspring. Body weight was weekly 
monitored. During the first postnatal days (PND5 to PND17), neurode-
velopment tests were conducted, and at PND44 anxious-like behaviour 
was assessed in the Elevated Plus Maze (EPM) and Open field test 
(OPF). On the day of the sacrifice (PND45) the hippocampus (HIP) 
and prefrontal cortex (PFC) were collected for molecular analysis, and 
plasma to measure insulin levels. Data were expressed as the mean ± 
standard error of the mean (SEM) and compared using an Unpaired t-test 
or Mann-Whitney, according to normality evaluation. Values of p<0.05 
were considered significant.
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Results: Only males subjected to postnatal overfeeding presented an 
increased body weight gain during and after breastfeeding, whereas 
animals of both sexes presented lower plasma insulin levels (p<0.05). 
In neurodevelopmental tests, only females presented a delay in audi-
tory startle response (p<0.01), eye-opening day (p<0.01) and impair-
ment in vestibular system development (p<0.01). Both offspring had 
less strength (p<0.01 and p<0.05, respectively) in their upper limbs. 
During adolescence, both offspring remained less time exploring 
open arms in the EPM (p<0.05), while only females explore less 
time in the center of OPF arena (p<0.05), denoting an anxious-like 
behaviour. In males,  GABAA receptor levels were increased HIP 
(p<0.05) and PFC (p<0.001) without alteration of vesicular GABA 
transporter levels and in proteins involved in the excitatory synapse, 
namely PSD95 and vesicular glutamate transporter1 levels. How-
ever, higher levels of Glutaminase C were observed in both brain 
regions (p<0.05 and p<0.01, respectively). Additionally, lower levels 
of brain-derived neurotrophic factor (BDNF) were observed in both 
regions (p<0.05 and p<0.001, respectively). In females, lower levels 
of  GABAA receptor (p<0.01) and vGAT (p<0.01) were detected at 
HIP, while increased levels of BDNF were noted (p<0.05) . In female 
PFC, lower  GABAA receptor levels were observed (p<0.05).
Conclusion: Postnatal overweight modulates neurodevelopment, 
being female more susceptible to neurodevelopmental delay. In ado-
lescence, both male and female rats exposed to postnatal overfeeding 
present an anxious-like behaviour, associated with synaptic imbal-
ance, according to brain region-specificities.
Disclosure: A. Amaro: None.
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Dopaminergic regulation of neuropeptide Y and Melanocortin 
systems in the adipose tissue as a therapeutic target to metabolic 
dysregulation associated with obesity
E. Lopes1, D. Rosendo-Silva1, P.  Matafome1,2;
1ICBR, Faculty of Medicine, University of Coimbra, CIBB and 
CACC, Coimbra, Portugal, Coimbra, Portugal, 2Polytechnic Univer-
sity of Coimbra, School of Health Technology of Coimbra (ESTeSC), 
Coimbra, Portugal.

Background and aims: Energy balance regulation depends on the 
communication between neuropeptide Y (NPY), melanocortin and 
dopamine systems at the central level. However, little is known about 
their peripheral actions towards regulation of metabolism, possibly 
being important for the development of new therapeutic strategies for 
obesity. The aim of this study it’s to evaluate the interactions between 
NPY, Melanocortin and Dopamine systems at a peripheral level and 
their alterations in the metabolic sequelae of obesity.
Materials and methods: Non-obese type 2 diabetic Goto-Kakizaki 
(GK) were fed with a high caloric diet (HCD) and treated with bro-
mocriptine, an agonist for Dopamine Receptor 2 (D2R). Melanocor-
tin and NPY receptors were determined in the adipose tissue. Data 
were expressed as the mean ± standard error of the mean (SEM) and 
compared by analysis of variance using Kruskal-Wallis or one-way 
ANOVA test, according to the normality evaluation. Samples of vis-
ceral adipose tissue (VAT) were collected from patients (n=92) with 
obesity divided in four groups according to insulin sensibility and 
glycaemic profile- Insulin Sensitive/Normoglycemic group; Insulin 
Resistance/Normoglycemic group; Pre-diabetes group and Diabetes 
group. Gene expression of the different receptors was accessed by 
qPCR. Correlation values were assessed by Spearman correlation test.
Results: The expression of Dopamine 1 Receptor (D1R), NPY 
receptors 2 (NPY2R) and 4 (NPY4R), and Melanocortin Receptors 
2 (MC2R), 4 (MC4R) and 5 (MC5R) decreases upon the establish-
ment of insulin resistance or prediabetes. The expression of NPY 
1 Receptor (NPY1R) increased only in patients with pre-diabetes 
(p=0.0460) and decreased upon diabetes establishment (p=0.0242). 
D1R expression (Gs-coupled receptor) is positively related with 
other receptors like NPY2R (r=0.692), NPY4R (r=0.81), and MC2R 
(r=0.79), MC4R (r= 0.806) and MC5R (r=0.730). Two different pat-
terns of gene expression variation along the 4 groups were identified: 
1) NPY receptors 2 and 4, D1R and MCR’s expression decreases 
with the development of insulin resistance and were highly corre-
lated with catabolic markers; 2) NPY receptors 1 and 5 expressions 
have a peak in the prediabetes group and appear downregulated in 
the diabetes group, being highly correlated with lipid storage mark-
ers. Animals treated with bromocriptine showed an upregulation of 
NPY1R (p<0.05) and MC4R levels in white adipose tissue (WAT), 
associated with both lipogenesis and catabolic activity, respectively.
Conclusion: The expression and correlation of these systems are 
altered in human VAT upon insulin resistance establishment. The 
different receptors are highly correlated with a variety of genes 
involved in lipid metabolism, pointing to the importance of these 
systems to VAT metabolic function. Pharmacological modulation of 
the Dopaminergic system apparently regulates both NPYergic and 
Melanocortinergic system in WAT, improving WAT lipid metabolism 
and suggesting possible bromocriptine’s actions in obesity treatment.
Disclosure: E. Lopes: None.
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581
Subcutaneous adipose tissue dopamine receptor D2 expression is 
increased in prediabetes and type 2 diabetes
M.J. Pereira1, M.  Vranic1, F.  Ahmed1, R. Kristófi1, S.  Hetty1, D. 
 Mokhtari1, M.K.  Svensson2, J.W.  Eriksson1;
1Clinical Diabetes and Metabolism, Uppsala University, Uppsala, 
Sweden, 2Renal Medicine, Uppsala University, Uppsala, Sweden.

Background and aims: Dopamine is a neurotransmitter that binds to 
D1-like (D1 and D5) and D2-like (D2, D3, and D4) G protein-coupled 
receptors, and plays an important role in the central nervous system 
(CNS), such as motor control, reward, and cognitive function, and is 
also involved in the regulation of glucose metabolism and energy bal-
ance. Peripheral tissues, including adipose tissue, express dopamine 
receptors and are potential direct targets for dopamine action. This 
study explored dopaminergic signaling in human adipose tissue in 
the context of obesity and type 2 diabetes (T2D) and potential direct 
implications in adipose tissue metabolism.
Materials and methods: Subcutaneous adipose tissue (SAT) needle 
biopsies were obtained from 95 subjects without T2D (29 men/66 
women; body mass index (BMI) 20.2-38.4 kg/m2; age 20-72 years), 
and 30 subjects with T2D (11 men/19 women; BMI 22.4-40.1 kg/m2; 
age 31-71 years). Additionally, paired SAT and OAT (omental adipose 
tissue) samples were obtained from patients without T2D undergoing 
bariatric (4 men/11 women, age: 19-63 years, BMI: 31.3-58.2 kg/m2) 
or kidney donation surgery (21 men/18 women, age: 30-71 years, BMI: 
20.0-31.7 kg/m2). mRNA and protein expression of dopamine receptors 
D1 and D2 (DRD1 and DRD2) were determined in subjects without 
or with T2D and obesity, in adipose tissue depots and cell fractions. 
Furthermore, DRD1 and DRD2 gene expression was correlated with 
markers of obesity, hyperglycemia, and insulin resistance. Dopamine 
effects on adipocytes were functionally assessed by performing glucose 
uptake and lipolysis assays, following short-term exposure.
Results: DRD1 and DRD2 gene expression was detected in both 
SAT and omental adipose tissue (OAT), with a significantly higher 
expression of DRD1 in both depots (p<0.001). DRD1 and DRD2 gene 
expression in SAT correlated positively with clinical markers of insulin 
resistance (e.g. HOMA-IR, insulin, and triglycerides), fasting glycemic 
levels, and central obesity (waist-hip-ratio) in subjects without T2D 
(p<0.05). DRD2, but not DRD1, protein expression in SAT is about 
2-fold higher (p<0.01) in subjects with impaired fasting glucose and 
those with T2D, compared to subjects with normal glucose tolerance. 
Additionally, DRD2 protein correlated positively with hyperglyce-
mia, HbA1c, and glucose AUC (p<0.05), independently of obesity 
status. DRD1 and DRD2 proteins were mainly expressed in adipo-
cytes (>90%, p<0.01), compared to stromal vascular cells. Dopamine 
at physiological concentrations did not affect adipocyte glucose uptake 
or lipolysis ex vivo.
Conclusion: These results suggest that gene and protein expres-
sion of DRD2 in SAT is upregulated with T2D, and there is an 
independent association with insulin resistance and hyperglycemia. 
Elevated DRD2 protein levels might contribute to the development 
of T2D but the upregulation could also be secondary to hypergly-
cemia, so there is a need to further investigation.
Supported by: EXODIAB, Agnes Mac Rudberg, TREATMENT 
(H2020-MSCA-ITN-721236), PO Zetterlings Found, AstraZeneca 
R&D, Uppsala Un ALF, Swedish Diab Found, Novo Nordisk
Disclosure: M.J. Pereira: None.

582
Inappropriately high leptin levels are associated with hyperin-
sulinaemia and insulin resistance in overweight/obese youths
L. Sacchetta1, M. Chiriacò1, A.  Natali1, N.  Santoro2,3, A. 
 Galderisi4, R.  Weiss5, S.  Caprio4, D. Tricò1;

1Department of Clinical and Experimental Medicine, University of 
Pisa, Pisa, Italy, 2Department of Medicine and Health Science, Univer-
sity of Molise, Campobasso, Italy, 3Department of Pediatrics, Kansas 
University Medical Center, Kansas City, KS, USA, 4Department of 
Pediatrics, Yale School of Medicine, New Haven, CT, USA, 5Depart-
ment of Pediatrics, Ruth Children’s Hospital, Haifa, Israel.

Background and aims: Leptin is an energy-regulating adipokine 
and its levels are directly proportional to fat mass. Some individu-
als show inappropriately elevated leptin levels for their degree 
of adiposity. We aimed to assess the metabolic consequences of 
chronic hyperleptinemia in youths.
Materials and methods: A total of 858 overweight/obese adoles-
cents without diabetes (age 13.2 ± 2.7 years, 58% females, BMI 
z-score 2.4 ± 0.4),underwent a 3-h 75 g OGTT with mathematical 
modeling of β-cell function and estimation of insulin sensitivity 
and clearance. Fat mass was measured by DEXA.
Results: Hyperleptinemic (HyperL, n=428) and normoleptinemic 
(NormL, n=430) individuals were identified based on the median of 
residuals’ distribution of the sex-specific leptin vs fat mass fit. Com-
pared with NormL, HyperL were younger (-0.9 ±0.2 yr, p<0.0001) and 
had higher BMI z-score (+0.13 ± 0.02, p<0.0001) and leptin levels 
(+17.6 ± 0.82 ng/ml, p<0.0001), despite similar fat mass (p=0.284) 
and sex distribution (p=0.991). HyperL had worse glycemic control 
(fasting glucose +0.06 ± 0.03 mmol/L, p=0.056; 2-h glucose +0.33 
± 0.08 mmol/L, p<0.0001), increased insulin secretion rate (fasting: 
+16±4 pmol  m-2  min-1, p=0.0003; OGTT: +9±2 nmol/m2, p<0.0001), 
and reduced insulin sensitivity (WBISI -0.4±0.1 nmol/m2, p<0.0001) 
and insulin clearance (fasting -0.08±0.02 L  min-1  m-2, p=0.001; OGTT 
-0.07±0.02 L  min-1  m-2,p<0.0001). The two groups showed similar 
β-cell function parameters (β-cell glucose sensitivity: p=0.758; β-cell 
rate sensitivity: p =0.627). At multivariable regression analysis, lep-
tin levels negatively correlated with insulin clearance independently 
of insulin secretion and sensitivity (fasting: Std. β=-0.01, p<0.006; 
OGTT: Std. β=-0.07, p<0.006). Subgroup analysis did not show dif-
ferences between boys and girls.
Conclusion: In overweight/obese adolescents, inappropriately 
high leptin levels are associated with a worse adiposity-related 
metabolic phenotype, characterized by glucose intolerance, insulin 
resistance, and chronic hyperinsulinemia due to enhanced glucose-
stimulated insulin secretion and reduced insulin clearance.
Diclosure: L. Sacchetta: None.
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Dual amylin and calcitonin receptor agonists increase mitochon-
drial respiratory capacity in adipose tissues of obese rat
E.A. Petersen1,2, I.  Blom2, S.A.  Melander1, M.A.  Karsdal1,3, S. 
 Larsen2,4, K.  Henriksen1,3, A.T.  Larsen1;
1Nordic Bioscience, Herlev, Denmark, 2Xlab, Center for Healthy 
Aging, Department of Biomedical Sciences, University of Copenha-
gen, Copenhagen, Denmark, 3KeyBioscience AG, Stans, Switzerland, 
4Department of Clinical Research Centre, Medical University of Bia-
lystok, Bialystok, Poland.

Background and aims: Dual amylin and calcitonin receptor agonists 
(DACRAs) are potential therapeutic candidates for treatment of obesity. 
Preclinical studies have shown favorable effects of DACRAs on appe-
tite regulation contributing to a reduction in body weight. Interestingly, 
the DACRA-induced effects on weight loss are superior to the effects 
of a suppressed food intake, suggesting an effect on energy expenditure 
potentially by targeting the mitochondria. Thus, we aimed to investigate 
the effects of long-term treatment with a class of DACRAs, KBPs, 
on body weight, food intake and mitochondrial respiratory capacity 
(MRC) in obese male Sprague-Dawley rats.
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Materials and methods: Based on the animal’s bodyweight, they 
were randomly allocated into one of the following three groups: con-
trol group (vehicle), a group treated s.c. with KBPs, or a pair-fed 
(PF) group. The PF-group were included to examine food intake-
independent effects of KBPs on MRC. The intervention lasted eight 
weeks, and at study end, MRC was measured in perirenal (pAT) and 
inguinal (iAT) adipose tissue using high resolution respirometry. 
Adipose tissue samples were permeabilized and substrates and ADP 
were added to stimulate coupled complex I + II respiration. Leak 
respiration was measured after the addition of oligomycin, and lastly 
FCCP were added to test maximum capacity of the electron transfer 
system (ETS).
Results: Expectedly, KBP treatment significantly reduced body 
weight compared to PF and vehicle (p < 0.001). PF was success-
fully KBP-matched in terms of accumulated food intake and the food 
intake was significantly lower than that of vehicle-treated rats (p < 
0.001). Coupled MRC and ETS supported by complex I+II substrates 
and fatty acids were significantly greater in iAT and pAT after KBP 
treatment indicating effects on both carbohydrate and lipid metabo-
lism (p < 0.05). Additionally, an increased oligomycin-induced leak-
respiration was found to be independent of food intake in iAT (p < 
0.05). Further analysis will shed light on if these changes in MRC are 
a result of an increased mitochondrial content or of the respiratory 
capacity of each mitochondrion.
Conclusion: In conclusion, treatment with KBPs in obese rats is 
associated with an increased MRC in pAT and iAT and elicits effects 
additional to those obtained by diet-induced weight loss. This high-
lights DACRAs’ potential as antiobesity agents with possible benefits 
on energy expenditure as a contributing cause to the DACRA-induced 
weight loss.
Supported by: IFD and DRF
Disclosure: E.A. Petersen: Employment/Consultancy; Nordic Bio-
science. Grants; EAP and ATL are funded by Innovation Fund Den-
mark, SME is funded by Danish Research Foundation. Stock/Share-
holding; KH and MAK own stocks in Nordic Bioscience.
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A role for circulating levels of adipocytokines, miRNA and 
miRNA variants (isomiRs) in renal dysfunction in patients with 
morbid obesity
R. Vila-Bedmar1, M. Martín-Taboada1, B. Lanzón1, I. González 
de  Pablos2, L.  Torres1, P.  Corrales1, P. Gómez-Rodríguez3, E. Rod-
ríguez-Cuéllar3, E.  Porrini4,5, E.  Morales2, G. Medina-Gómez1;
1Ciencias Básicas de la Salud, Universidad Rey Juan Carlos, Madrid, 
Spain, 2Servicio de Nefrología, Instituto de Investigación Hospital 12 
de Octubre, Madrid, Spain, 3Cirugía General y Digestiva, Hospital 12 
de Octubre, Madrid, Spain, 4Instituto Tecnologías Biomédicas (ITB), 
Universidad de La Laguna, Tenerife, Spain, 5Servicio de Nefrología, 
Hospital Universitario de las Islas Canarias, La Laguna, Spain.

Background and aims: Obesity is a risk factor for the development of 
chronic kidney disease (CKD), although not all obese patients develop 
this disease. An altered secretion pattern of adipose tissue (AT)-derived 
molecules may underlie the pathogenesis of obesity-related CKD. 
MicroRNAs (miRNAs) have also been described as regulators of kid-
ney physiopathology. The aim of this study was to analyze differences 
in circulating AT-derived bioactive molecules in morbid obese patients 
with/without CKD, and to identify serum miRNAs and miRNA vari-
ants (isomiRs) that might be potential biomarkers for CKD.
Materials and methods: 12 morbid obese patients without renal 
injury (control group) and 12 morbid obese patients with CKD, were 
included in this study. Patients were sex, weight and age matched. 
The metabolic status and renal function were evaluated analyzing 
biochemical parameters and the estimated glomerular filtration rate 

(eGFR). AT biopsies from subcutaneous and visceral depots were 
histologically studied. Serum adipocytokines were analyzed using 
Bioplex system. RNA samples were run on NextSeq 500 High Output 
v2.5 (1 x 75 pb), Illumina, at two levels: miRNA and isomiRs (ana-
lyzing separately all unique sequences matching a specific miRNA 
considering each individual sequence as an isoform).
Results: The histological analysis of AT biopsies from morbid obese 
patients with CKD (proteinuria: 2,63±2,98 g/24h; albuminuria: 
1882,66±2344 mg/24h; serum creatinine: 1,13±0,43 mg/dl; eGFR-
MDRD: 71.6±30,5 ml/min/1.73m2) did not show major differences. 
However, morbid obese patients with CKD showed increased circu-
lating levels of adipokines associated with renal injury (adipsin, vis-
fatin), as well as in pro-inflammatory cytokines (IL-1β, IL-6, MCP-
1, TNFα) and other factors (G-CSF, IL-17, IL-15), when compared 
with the obese patients without CKD (p<,05). Moreover, angiogenic 
(VEGF, PDGF, bFGF) and profibrotic factors (TGFβ1, TGFβ2) were 
significantly higher in the serum of CKD patients than in the obese 
controls (p<,05). These data suggest that an altered AT secretion 
pattern may add to alterations in immune function and angiogenesis, 
playing a role the mechanisms underlying obesity-associated CKD. 
In addition, small RNA sequencing analysis at isomiR and miRNA 
levels identified a differential expression of several miRNAs and 
isomiRs associated to CKD.
Conclusion: Morbid obese patients with CKD display an adipocy-
tokine circulating pattern compatible with obesity-associated metabolic 
alterations. Modulation of these molecules could prevent the progres-
sion towards irreversible renal disease during obesity. Moreover, some 
miRNAs & isomiRs appear to be associated with CKD in these obese 
patients, suggesting a role for these molecules as potential biomarkers.
Supported by: BFU2016-78951R P2022/BMD-7227 PDC2021-121871-I00 
PID2020-116875RB-I00; CAM-URJC Young Research A484-EXOKID
Disclosure: R. Vila-Bedmar: None.
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Fibroblast growth factor 21 restores glucose-lowering action of 
CL 316,243 in obese mice
S. Stanić1,2, J.  Kopecky1, P.  Zouhar1;
1Laboratory of Adipose Tissue Biology, Institute of Physiology, Czech 
Academy of Science, Prague, Czech Republic, 2Department of Physiol-
ogy, Faculty of Science, Charles University, Prague, Czech Republic.

Background and aims: Obesity is a growing health concern that is 
associated with metabolic dysfunction, including insulin resistance 
and hyperglycemia. Beta 3 agonist CL 316,243 (CL) acutely lowers 
blood glucose in lean mice, but this effect is lost in obese mice. The 
previously published data suggest that this decrease of blood glucose 
is mediated by a rise of insulin secretion. As CL activates massive 
glucose oxidation in brown adipose tissue (BAT) mediated by Uncou-
pling Protein 1 (UCP1), this effect seems likely to be involved in the 
glucose lowering effect as well. In this study, we aimed to investi-
gate whether the CL-induced glucose lowering in obese mice can be 
restored by treatment with Fibroblast Growth Factor 21 (FGF21), a 
compound known for both increasing insulin sensitivity and inducing 
UCP1. We also investigate the potential involvement of UCP1 in the 
CL-induced glucose lowering in obese mice.
Materials and methods: Chow-fed or high-fat diet-fed C57BL/6 mice 
were treated with FGF21 (65 μg/mouse) or its vehicle twice daily for 
four days and subsequently injected with CL or PBS. Blood glucose 
and insulin levels were then monitored for 1 h, along with 14C deoxy 
glucose (1.6 uCi/mouse) disposal to individual organs. Effect of FGF21 
and CL was also studied in UCP1-deficient and control animals.
Results: In lean mice, CL injection rises insulin levels (p<0.05) and 
lowers blood glucose (p<0.05). If these mice are treated with FGF21, 
the rise of insulin is reduced (p<0.06), probably reflecting the increase 
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in insulin sensitivity. Even this limited induction of insulin is sufficient 
to achieve a pronounced drop of blood glucose (p<0.01). Glucose 
uptake specifically to brown adipose tissue is highly induced by CL, 
particularly in lean mice treated with FGF21 (p<0.01). In obese mice, 
CL induces a rise of insulin (p<0.001), but not a decrease of blood 
glucose. FGF21 treatment fully restores the glucose lowering potential 
of CL (p<0.001). Similarly to lean mice, glucose uptake specifically 
to brown adipose tissue is induced by FGF21 and CL (p<0.05). Blood 
glucose and insulin levels in obese UCP1-deficient animals after treat-
ment with FGF21 and CL do not principally differ from the levels in 
mice with intact UCP1.
Conclusion: Glucose lowering effect of CL is independent of UCP1 
and is mediated by insulin. It is lost in obese, insulin resistant animals, 
but can be fully restored by treatment with an insulin sensitizer, FGF21. 
These findings suggest that FGF21 and CL may be potential targets for 
treating hyperglycemia and insulin resistance associated with obesity.
Supported by: This work was supported by a Višegrad Scholarship 
#52210240
Disclosure: S. Stanić: None.
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A novel potential therapeutic target in metabolic disease: role of 
Ghrelin/GHSR/LEAP2 in type 2 diabetes and obesity
L. Yue, R. Cheng;
Obesity and related research platform, Chongqing medical university, 
Chongqing, China.

Background and aims: Obesity is a worldwide health problem and 
presents a high risk for type 2 diabetes, NAFLD, cardiovascular dis-
eases, as well as other metabolic diseases. Therefore, the develop-
ment of safe and efficient drugs is imperative. Ghrelin can bind to the 
growth hormone secretory receptor (GHSR), effectively stimulating 
energy intake, increasing body weight, and raising blood sugar. Liver-
expressed antibacterial peptide-2 (LEAP2) has been recently identified 
as an endogenous antagonist of the ghrelin receptor GHSR and effec-
tively inhibits the appetite-controlling action of ghrelin in vivo. There-
fore, the Ghrelin/LEAP2/GHSR system becomes a potential target for 
new anti-obesity and anti-diabetic drug strategies. The effect of LEAP2 
is studied chiefly in the central nervous system, and its direct role in 
peripheral organs needs to be unveiled. We try to find a reliable, safe 
therapeutic target for T2DM and obesity-caused metabolic diseases.
Materials and methods: Twelve C57BL/6 mice were fed a high-fat 
diet for 13 weeks. The mice were treated with LEAP2 or water (as 
control) by using osmotic pumps for 4 weeks. We investigated the 
effects of exogenous LEAP2 on changes in major metabolic organs in 
a randomized, placebo-controlled study of diet-induced obese mice.
Results: Our results showed that continuous administration of 
LEAP2 could reduce body weight (P=0.0022; N=6), improve glucose 
tolerance (P=0.0020; N=6), and reduce subcutaneous adipose tissue 
accumulation in obese mice when there was no difference in food 
and water intake (P=0.2625; P=0.7907, respectively; N=6). Inguinal 
white adipose tissue (iWAT) and brown adipose tissue weights (BAT) 
were reduced by LEAP2 dosing (P=0.0032 and P=0.0198, respec-
tively; N=6). More notably, the lipid accumulation in the liver (hema-
toxylin & eosin-stained and oil red O-stained liver) was remarkably 
reduced; and cardiac function was significantly improved in LEAP2 
treated mice (Ejection fraction (%) P=0.0054; N=6; Fractional short-
ening (%) P=0.0043, N=6). Hyperinsulinemia induced by HFD was 
lessened in LEAP2 treated mice (P=0.0077; N=5), indicating that 
the insulin resistance was corrected. In addition, we found that the 
LEAP2 can increase insulin secretion of isolated islets at 10mM 
glucose via somatostatin (SST); this result has been supported by 
immunofluorescence staining of the pancreas, showing that GHSR 
is mainly expressed in pancreatic delta-cells.

Conclusion: These comprehensive data show that LEAP2 will 
improve the metabolic damage caused by obesity and exerts a direct 
regulatory effect on islet function.
Supported by: Scientific Research Starting Fund for young innovative 
talents of Chongqing medical university, grant number R2014
Disclosure: L. Yue: None.
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Comparative analysis of islet GPCR-targeting adipokine mRNA 
expression between diet-induced and genetically obese mouse 
models
T. Ashik, P. Atanes, M. Wilson, T. Pullen, S.J. Persaud;
Department of Diabetes, King’s College London, London, UK.

Background and aims: Obesity can cause alterations in plasma levels of 
adipose tissue- derived hormones known as adipokines, some of which 
act at β-cells via binding to G protein-coupled receptors (GPCRs). Here, 
we aimed to compare the gene expression profiles of islet GPCR peptide 
ligands in visceral adipose tissue retrieved from genetically obese db/db 
mice and those in which obesity was induced by high-fat diet.
Materials and methods: For diet-induced obese mice, 8-week-old 
C57BL/6 male mice were fed either a control diet (CD: 10% fat) or a 
high-fat diet (HFD: 60% fat) for 16 weeks. For genetically obese mice, 
10-week-old db/db and db/+ mice had ad libitum access to standard labo-
ratory chow (10% fat) for 14 weeks. Terminal weight and blood glucose 
measurements were taken prior to retrieval of epididymal adipose tissue. 
RNA was purified and reverse transcribed to cDNA for the quantification 
of 155 islet GPCR peptide ligand mRNAs by quantitative PCR.
Results: Mice fed a HFD for 16 weeks were obese (CD: 29.8±0.15g; 
HFD: 51.1±0.59g, n=5, p<0.0001) and had fasting hyperglycaemia 
(CD: 5.3±0.8mM glucose; HFD: 8.3±0.5mM glucose, n=5, p<0.05). 
45 and 40 islet GPCR peptide ligand mRNAs were detectable in 
CD and HFD epididymal adipose tissue, respectively. As expected, 
mRNAs encoding the positive control genes, Lep and AdipoQ were 
quantifiable, with the expression of Lep mRNA increasing (286±33% 
of control diet expression) and that of AdipoQ mRNA decreasing 
(62.3±7.3% decrease) with high-fat feeding. Expression levels of 
several islet GPCR peptide ligand mRNAs were significantly modi-
fied by the HFD: upregulation (% of control): Ccl5 (342±130), Ccl3 
(820±200), Ccl4 (1112±167) and Npy (2502±610); downregulation 
(% decrease): Ccl24 (87.9±0.5), Ccl17 (96.3±0.8), Agt (96.9±0.8) 
and Bglap (98.4±0.5). db/db mice were obese (db/+: 31.5±1.06g; db/
db: 55.5±2.97g; n=3, p<0.01) and hyperglycaemic (db/+:7.8±0.3mM 
glucose; db/db: 32.6±0.4mM glucose, n=3, p<0.0001). 49 and 38 
islet GPCR peptide ligand mRNAs were detectable in db/+ and db/
db epididymal adipose tissue, respectively. Similar to diet-induced 
obese mice, the expression level of Lep mRNA increased (158±52.5% 
of control) whilst the expression level of AdipoQ mRNA decreased 
(86.3±3.4% decrease) in obesity following disruption in leptin recep-
tor signalling. Several islet GPCR peptide ligand mRNAs were also 
significantly altered in genetically obese mice: upregulation (% of 
control): Cxcl4 (230±16.4), Ccl7 (316±15.3), Ccl4 (674±137.0) and 
Ccl2 (1191±111.2); downregulation (% decrease): Cxcl9 (88.0±2.9), 
Agt (92.8±1.1), Cxcl11 (94.9±1.4) and Ccl28 (95.9±4.1).
Conclusion: This study provides insight into genetic and environ-
mental obesogenic influences on GPCR ligand adipokine mRNA 
expression. We have shown that both genetic and diet-induced obesity 
leads to altered expression of mRNAs encoding a range of adipose-
derived chemokines. The upregulation of Ccl4 mRNA in visceral 
adipose tissue of both genetic and diet-induced obese mice highlights 
this chemokine as a potential candidate mediating crosstalk between 
adipose tissue and other metabolic cells, including islets.
Supported by: MRC; Diabetes UK
Disclosure: T. Ashik: None.
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Role of hepatic sphingosine-1-phosphate in the regulation of insu-
lin sensitivity in response to lipotoxicity
S. Tan-Chen1, P.  Mesdom1, J.  Guitton2, F.  Lachkar1, S. Ali-Berrada1, 
A. Blachnio-Zabielska3, F.  Foufelle1, H. Le  Stunff2, E.  Hajduch1;
1INSERM UMRS_1138, Paris, France, 2CNRS UMR 9197, Orsay, 
France, 3Medical University of Bialystok, Bialystok, Poland.

Background and aims: During obesity, fatty acids accumulate in 
tissues and are metabolized into ceramides, inducing a lipotoxicity 
and leading to insulin resistance and β-pancreatic cell failure, two 
hallmarks of type-2 diabetes (T2D). Ceramides can be deacylated to 
sphingosine and phosphorylated by sphingosine kinase 1 (SphK1) to 
give sphingosine-1-phosphate (S1P). Interestingly, the involvement of 
S1P as a modulator of hepatic insulin sensitivity remains controversial 
so far. Indeed, according to the literature, global invalidation of SphK1 
either promotes or prevents the onset of T2D. We therefore wanted 
to highlight the specific role of hepatic S1P in lipotoxic conditions 
in the development of insulin resistance and the appearance of T2D.
Materials and methods: Mice floxed for the gene encoding SphK1 
were injected retro-orbitally with an AAV8 encoding Cre-recombi-
nase to knock down SphK1 (SphK1 KD mice) or with an AAV8-null 
(control mice), and fed with a high fat diet (HFD, 60% lard) for 12 
weeks to induce insulin resistance and diabetes.
Results: After 12 weeks of HFD, we observed a 60% decrease in 
hepatic SphK1 expression, followed by a 30% drop in hepatic S1P 
concentrations in SphK1-KD mice compared to control mice. Inter-
estingly, this was accompanied by an increase in hepatic concentra-
tions of long-chain ceramides (C20-C24-ceramides), species known 
to exert positive effects on liver homeostasis, in SphK1-KD mice 
compared to control mice. SphK1-KD mice showed lower weight gain 
than control mice. This was accompanied by a less developed fat mass 
in SphK1-KD mice compared to control mice, with no difference in 
lean mass between the two groups. Interestingly, SphK1-KD mice 
were significantly less glucose intolerant and more insulin- sensitive 
than control mice. This was confirmed by an improved hepatic insulin 
response and less pronounced steatosis in SphK1-KD mice compared 
to control mice. Finally, hepatic expression of several inflammation 
genes was reduced in SphK1 KD mice compared to control mice.
Conclusion: These results show that the SphK1/S1P pathway is del-
eterious at the hepatic level and that in the liver, some ceramide spe-
cies and S1P certainly exert an additive action in the dysregulation of 
the carbohydrate metabolism under lipotoxic conditions.
Supported by: FdF/SFD
Disclosure: S. Tan-Chen: None.
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Omega-3 polyunsaturated fatty acids prevent increased bone 
marrow adiposity caused by high fat diet in mice
A. Benova1,2, M.  Ferencakova1, K.  Bardova3, J.  Funda3, M. 
 Dzubanova1,2, T.  Balcean4, G.  Kerckhofs4,5, A.  Pecinova6, T.  Mracek6, 
O.  Horakova3, M.  Rossmeisl3, J.  Kopecky3, M.  Tencerova1;
1Laboratory of Molecular Physiology of Bone, Institute of Physiol-
ogy, Czech Academy of Science, Prague, Czech Republic, Prague, 
Czech Republic, 2Faculty of Science, Charles University, Prague, 
Czech Republic, 3Laboratory of Adipose Tissue Biology, Institute 
of Physiology, Czech Academy of Science, Prague, Czech Republic, 
Prague, Czech Republic, 4Department of Material Science and Engi-
neering, KU Leuven, Leuven, Belgium, 5Biomechanics lab, Institute 
of Mechanics, Materials, and Civil Engineering, Louvain-la-Neuve, 
Belgium, 6Laboratory of Bioenergetics, Institute of Physiology, Czech 
Academy of Science, Prague, Czech Republic, Prague, Czech Republic.

Background and aims: Obesity is metabolic complication coupled 
with higher accumulation of fat in periphery and bones leading to 
higher fracture risk. Several studies have shown beneficial effect of 
omega-3 polyunsaturated fatty acids (PUFAs) supplementation on 
metabolism in peripheral adipose tissues and bone homeostasis in 
obese mice and humans. However, there is still lack of information 
about the effect of omega-3 PUFAs on bone marrow adipose tissue 
(BMAT) and metabolism of bone marrow stromal stem cells (BMSCs). 
Thus, the main aim of this study was to test potential preventive effect 
of omega-3 PUFAs on bone and fat metabolism in high fat diet (HFD)-
induced obesity mouse model.
Materials and methods: Twelve-week-old C57BL/6N male mice 
were treated with chow (ND), high-fat-diet (HFD) and HFD sup-
plemented with omega-3 PUFAs (HFD+F) for 8 weeks (n= 20 
per group). Metabolic parameters such as body weight, glucose 
tolerance and fasting insulinemia were measured. Bone marrow 
adiposity (BMAT) was measured by contrast-enhanced microCT 
(CE-CT). Primary BMSCs were isolated and measured for osteo-
blast (OB) and adipocytes (AD) differentiation. Gene expression 
of specific markers were measured after cell differentiation by 
real-time PCR. Cellular bioenergetics profile was performed in 
primary BMSCs. NFkB signaling was analyzed by western blot.
Results: After 8 weeks, treatment with omega-3 PUFAs improved body 
weight (30%, p<0.01), glucose tolerance (-17%, p<0.01) in HFD+F 
mice compared to HFD group. Analysis of Hexabrix- stained BMAT 
using CE-CT in tibia showed 75% reduction of BMAT in HFD+F vs 
HFD group (p<0.001). Cellular analysis of primary mouse BMSCs 
showed decreased AD and increased OB differentiation in HFD+F vs 
HFD group, which was supported also by decreased gene expression 
of adipogenic markers (e.g. Pparγ2, Cebpa, Adipoq) and increased 
gene expression of osteogenic markers (e.g. Alpl, Oc, Col1a1). These 
cellular changes were accompanied by lower maximal mitochondrial 
respiration (-50%, p<0.001) and ROS production (-45%, p<0.05) in 
BMSCs obtained from HFD+F vs HFD group. Moreover, omega-3 
PUFA supplementation also decreased inflammatory gene expression 
(e.g. Tnfa) (-25%, p=0.07) and NFkB protein levels after inflamma-
tory stimulation with LPS in primary bone cells isolated from HFD+F 
group compared to HFD group.
Conclusion: Taken together, our findings showed that omega-3 
PUFA supplementation prevents obesity-induced bone marrow adi-
posity, improves cellular metabolism along with decreased inflam-
mation in mouse model of diet-induced obesity
Supported by: GACR 20-03586S (MT), GACR 19-02411S (JK) 
and EFSD/Novo Nordisk Foundation Future Leaders Award 
(NNF20SA0066174) to MT and GAUK 339821 (AB
Disclosure: A. Benova: None.
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Beneficial effect of empagliflozin on lipid metabolism in heart and 
liver in a model of prediabetes
H. Malinska1, D.  Miklankova1,2, I.  Markova1, M. Hüttl1;
1Centre for Experimental Medicine, Institute for Clinical and Experi-
mental Medicine, Prague, Czech Republic, 2First Faculty of Medi-
cine, Charles University, Prague, Czech Republic.

Background and aims: According to recent randomized clinical tri-
als, empagliflozin reduces total and cardiovascular mortality in both 
diabetic or non-diabetic subjects. Although the exact mechanism of 
cardioprotective effects of empagliflozin is unknown, it is assumed 
that empagliflozin may favourably affect myocardial energetics that 
can include the effects of ketone bodies as well lipids and fatty acid 
metabolism. It has also shown that increased risk of cardiovascular 
events is associated with disturbances in hepatic lipid metabolism via 
multiple pathophysiological pathways, regardless of the presence of 
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diabetes. The aim of our study was to investigate and compare the 
effect of empagliflozin on lipid metabolism in heart and liver in a 
prediabetic rat model.
Materials and methods: The study was performed on Wistar rats as 
a control group and HHTg (hereditary hypertriglyceridemic) rats as 
a non-obese prediabetic rat model exhibiting dyslipidemia, insulin 
resistance and fatty liver, randomized into groups with or without 
empagliflozin at a dose of 10mg/kg b.wt. for 8 weeks.
Results: In HHTg rats, empagliflozin decreased body weight (p<0.01) 
and adiposity (p<0.001). In serum empagliflozin treatment reduced 
fasting and non-fasting glucose (p<0.001), insulin levels (p<0.001), 
circulating triglycerides (TG) (p<0.001) and NEFA (p<0.05). In 
myocardium, empagliflozin treatment significantly decreased the 
activity and gene expression of lipogenetic enzyme SCD-1 (p<0.001), 
which could lead to a decrease in the ectopic accumulation of TG 
and lipotoxic intermediates - diacylglycerols (DAG) (p<0.001) and 
lysophosphatidylcholines (LPC) (p<0.001). In addition, the activities 
of d5- and d6-desaturase enzymes were also affected (p<0.001). The 
changes in myocardial phosphatidylcholine/phosphatidylethanola-
mine ratio (PC/PE) (p<0.01) as well as changes in fatty acid profile in 
myocardial phospholipids (PL) may contribute to antifibrotic effects 
of empagliflozin. The increased IL-10/TNFα ratio (p<0.001) together 
with markedly decreased arachidonic acid metabolites (20-HETE, 
p<0.001) and increased n3-PUFA metabolites (14,15-EETs, p<0.001) 
in heart pointed to the anti-inflammatory effects of empagliflozin. In 
liver, empagliflozin decreased activities and gene expression of SCD-
1, significantly decreased TG, lipotoxic DAG (p<0.001) and LPC. In 
addition, increased PC/PE ratio (p<0.001) after empagliflozin can 
contribute to improved hepatic lipid metabolism. Markedly increased 
14,15-EETs (p<0.001) were associated with altered eicosapentaenoic 
acid profile (p<0.001) in liver PLs and can be attributed to anti-inflam-
matory effect of empagliflozin.
Conclusion: Empagliflozin treatment in heart and in liver decreased 
accumulation of neutral lipids and lipotoxic intermediates and affected 
metabolism of n3-PUFA. Moreover, in heart, empagliflozin altered 
AA metabolism that can contribute to the anti-inflammatory and anti-
fibrotic effects. Changes in myocardial and liver lipid metabolism may 
be involved in the mechanism of cardioprotective effects of empagli-
flozin in prediabetic states with severe dyslipidemia.
Supported by: MH CZ – DRO grant (IKEM, IN 00023001) and by the 
project MEYS (Program EXCELES, ID: LX22NPO5104)
Disclosure: H. Malinska: None.
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Ceramides are higher in brown fat than white fat in adult humans
M. U-Din1, J.  Raiko1, T.  Saari1, M. Monfort-Pires1, T.  Niemi2, M. 
 Taittonen3, K.  Kristiansen4, J.  Newman5, P.  Nuutila1, K.A.  Virtanen1;
1Turku PET Centre, Turku University Hospital and University of 
Turku, Turku, Finland, 2Department of Surgery, Turku University Hos-
pital, Turku, Finland, 3Department of Anesthesiology, Turku University 
Hospital, Turku, Finland, 4University of Copenhagen, Copenhagen, 
Denmark, 5University of California, Davis, CA, USA.

Background and aims: Ceramides, the basic structural unit of all 
sphingolipids, participate in various cellular signalling mechanisms in 
addition to supporting the structural component of the cell. In the con-
text of metabolic diseases, the accumulation of ceramides may modu-
late the dynamics of the cell membrane, endoplasmic reticulum and 
mitochondrial permeability. Ceramides of different acyl chain lengths 
can produce distinct pathophysiological effects in different tissues. 
It is unknown ceramides of which acyl chain lengths differ between 
human brown adipose tissue (hBAT) in comparison to subcutaneous 
white adipose tissue (hWAT). Further, the accumulation of ceramides 
in adipose tissue is predominantly considered to play a role in the 

development of insulin resistance; however, this needs to be clarified 
in the context of hBAT.
Materials and methods: We evaluated ceramides in the paired 
supraclavicular hBAT and neck-subcutaneous hWAT excised from 
healthy human adults (n = 17). Determination of hBAT metabolism 
was done with PET-CT imaging. Whole-body insulin sensitivity was 
determined with the hyperinsulinemic-euglycemic clamp technique.
Results: We found that the ceramides of C14, C16, C18, C20, C24, and 
C18:1 acyl chain lengths were higher in hBAT in comparison to hWAT 
(p ≤ 0.003). Additionally, C18- and C24-dihydroceramide were higher 
in hBAT than hWAT (p ≤ 0.01). The hBAT depots with a higher cold-
stimulated metabolism, determined with PET-CT imaging, had greater 
C18, C20 ceramides and C18-dihydroceramide (p < 0.05). Moreover, 
hBAT levels of C16, C24 and C24-dihydroceramide correlated directly 
with whole-body insulin sensitivity (M-value, rho ≥ 0.52, p ≤ 0.05), 
while the hBAT C18:1 and hWAT C18:1 and C18-dihydroceramide 
were inversely correlated with M-value (rho ≥ -0.51, p ≤ 0.05).
Conclusion: These results manifest that, in the context of hBAT, the 
higher ceramide accumulation may represent an adaptive response to 
the higher substrate fluxes, and the notion of lipotoxicity induced by 
ceramide needs to be looked at in conjunction with tissue metabolic 
rates and acyl chain lengths of ceramide.
Supported by: Academy of Finland, Finnish Diabetes Research Foun-
dation, Finnish Cultural Foundation
Disclosure: M. U-Din: None.
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Serum short-chain fatty acids are associated with brown adipose 
tissue metabolism in humans
M. Monfort-Pires1, M. U-Din1, V. de  Mello2, T.  Saari1, J.  Raiko3, 
K.  Hanhineva4, T.  Fromme5, R.  Landberg6, M.  Klingenspor7, K.A. 
 Virtanen1;
1Turku PET Centre, Turku University Hospital, Turku, Finland, 2Insti-
tute of Public Health and Clinical Nutrition, University of Eastern Fin-
land, Kuopio, Finland, 3Department of Clinical Physiology, Nuclear 
Medicine and Turku PET Centre, Turku University Hospital, Turku, 
Finland, 4Food Sciences Unit, Department of Life Technologies, Uni-
versity of Turku, Turku, Finland, 5Chair for Molecular Nutritional 
Medicine, Technical University Munich, Munich, Germany, 6Depart-
ment of Biology and Biological Engineering, Division of Food and 
Nutrition Science, Chalmers University of Technology, Gothenburg, 
Sweden, 7Chair for Molecular Nutritional Medicine, TUM School of 
Life Sciences, Technical University of Munich, Munich, Germany.

Background and aims: Short-chain fatty acids (SCFAs) result from 
the fermentation of dietary fibre in the colon and are shown to play 
an important role in energy metabolism. The relationship between 
circulating SCFA and brown adipose tissue (BAT) in humans remains 
to be clarified. We investigated the associations between circulating 
SCFA and BAT function in humans.
Materials and methods: Serum samples were collected in warm 
and during cold exposure. Circulating SCFAs were analysed using 
target metabolomics and BAT gene expression from supraclavicular 
tissue samples. BAT metabolism was analysed using dynamic PET/
CT scans with different radiotracers (18F-FDG, 18F-FTHA, 15O-O2, 
and 15O-H2O). Participants (n=71, 39.4±10.1yrs, BMI 27.1±5.7kg/
m2) were stratified according to high or low BAT (BAT+ and BAT-).
Results: Cold-stimulated BAT NEFA uptake was associated with cold-
stimulated circulating acetate (r=0.623, p<0.01), and cold-stimulated 
BAT oxygen consumption correlated with cold-stimulated propionate 
(r=0.621; p<0.01). Compared to warm values, circulating propionate, 
and butyrate, but not acetate, decreased after cold exposure (1.4±0.7 
in warm versus 1.1±0.6 in μM for propionate and 0.44±0.2 versus 
0.35±0.4 μM for butyrate; p<0.05). Interestingly, when participants 
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were stratified according to BAT+ and BAT-, only those in the BAT- 
group showed significant reductions in SCFA during cold (1.41±0.55 
to 0.86±0.48 μM and 0.43±0.26 to 0.24±0.11 μM for propionate and 
butyrate, respectively; p<0.05). In addition, higher levels of propionate 
in cold were detected in the BAT+ group when compared to BAT- 
(1.21±0.55μM versus 0.92±0.45, respectively, p=0.02). Only for the 
BAT+ group, TMEM26 and CIDEA expressions in BAT were directly 
associated with lipogenesis gene expressions, such as fatty acid synthase 
(p<0.05), and UCP-1 gene expression correlated with the expression 
of genes related to acetate metabolism (ACSS1, SIRT3, and AKT2).
Conclusion: The associations between serum cold-induced acetate 
and propionate with BAT NEFA uptake and oxygen consumption, 
along with elevated levels of circulating SCFA during cold in subjects 
with detectable BAT, may indicate that these SCFAs play an impor-
tant role in human BAT metabolism. It is possible that acetate and 
propionate are used either for de novo lipogenesis or as a fuel supply 
during cold exposure in BAT+ subjects.
Supported by: Academy of Finland, Finnish Cultural Foundation, 
Finnish Diabetes Research Foundation, Sigrid Jusélius Foundation
Disclosure: M. Monfort-Pires: None.

593
CD36 regulates FFA-Fetuin-A mediated inflammation and lipid 
accumulation in pancreatic beta cells
S. Mandal, S. Nag, R. Kundu;
Department of Zoology, Visva-Bharati University, Santiniketan, 
India.

Background and aims: Free Fatty Acid (FFA) induced Islet inflam-
mation shows deleterious effect on insulin secretion and beta cell 
health. Fetuin-A is a circulatory glycoprotein that promotes FFA 
mediated inflammation via TLR4 pathway and results in beta cell 
dysfunction. Influx of FFA in many cells is mediated by CD36, a fatty 
acid translocase, which supposed to accumulate excess lipids in beta 
cells during nutrient rich condition. The aim of this present study is 
to investigate the role of CD36 in regulating beta cell inflammation 
and intracellular lipid accumulation resulting insulin secretory defect 
in condition of excess FFA and Fetuin-A.
Materials and methods: Expression of CD36, TLR4 and other 
signal molecules in palmitate and palmitate + Fetuin-A incubation 
in MIN6 (mouse insulinoma cell line) was done through immuno-
blot and qPCR analysis. CD36 and TLR4 inhibitors were used to 
see alterations in gene expression. Intracellular lipid accumulation 
in beta cell was observed by Oil red o staining. Co-localization 
of insulin with neutral lipids was done to see the status of insu-
lin vs lipid accumulation. Glucose stimulated insulin secretion 
(GSIS) was measured to assess beta cell health. Islets were iso-
lated from Standard-diet (SD) and 16 weeks High-fat-diet (HFD) 
fed C57BL/6J male mice and subjected to immunoblot and qPCR 
analysis for relevant gene expression. GTT, ITT and HOMA-IR 
were measured to assess insulin resistance. In-vivo GSIS was per-
formed to see insulin secretory ability of beta cell.
Results: Palmitate incubation of MIN6 cells (0.25mM-1.00mM) for 
24h did not alter CD36 expression significantly while TLR4 (~3 fold at 
0.75mM palmitate; *p<0.05) and pNFkBp65 expression showed a dose 
dependent increase. Inhibition of CD36 by Sulfo-N-succinimidyl oleate 
(SSO) in MIN6 culture abrogated palmitate (0.75 mM) + Fetuin-A (100 
ug/ml) induced TLR4 expression and level of pNFkBp65 (*p<0.05) 
and its translocation to the nucleus. qPCR results demonstrated that 
SSO significantly reduced TLR4 (~2.5 fold), FetuinA, IL1β and TNFα 
mRNA levels in presence of palmitate + Fetuin-A (*p<0.05). Also, 
inhibition of CD36 improved Glucose stimulated insulin secretion 
(GSIS) (~1.5 fold; *p<0.05) during palmitate + Fetuin-A treatment 
and restored Pdx1 expression (insulin gene transcriptor). Interestingly, 

lipid accumulation in MIN6 was highly evident in palmitate + Fetuin-
A treatment compared to palmitate alone (at 48 hours). Inhibition of 
TLR4 and CD36 sufficiently obliterated intracellular lipid accumula-
tion and restored insulin content. Islets isolated from 16 weeks HFD 
mice showed increased lipid accumulation and elevated TLR4 (~3 
fold), pNFkB, CD36 (~2 fold) and Plin2 (a lipid droplet coat protein) 
expression compared to SD mice. GTT, ITT and HOMA-IR score 
indicated the degree of insulin resistance in HFD mice. In-vivo GSIS 
showed reduced insulin level in serum after glucose loading in HFD 
compared to SD (*p<0.05).
Conclusion: The results indicated that functional activity of CD36 is 
needed to regulate TLR4-NFkB inflammatory axis as well as inflam-
matory cytokines such as IL1β, TNFα in pancreatic beta cell during 
hyperlipidemic condition. Also, Palmitate along with Fetuin-A pro-
motes intracellular lipid accumulation in beta cells involving both CD36 
and TLR4 indicating a possible crosstalk between CD36 and TLR4 that 
results islet inflammation and lipid accumulation culminating in insulin 
secretory defects.
Supported by: SERB Grant No. CRG/2022/007004
Disclosure: S. Mandal: Grants; SERB Grant No. CRG/2022/007004 
and DST-INSPIRE Fellowship awarded to SM.
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Renal function is a major predictor of circulating acyl-CoA-binding 
protein/diazepam-binding inhibitor
R. Schürfeld1, B.  Sandner1, A.  Hoffmann2, N. Klöting3, A.  Bachmann1, 
A.  Frille4, A.  Dietel5, J. -U.  Stolzenburg5, M. Blüher3, M. -Z.  Zhang6, R. 
 Harris6, B.  Isermann7, M.  Stumvoll1, A. Tönjes1, T.  Ebert1;
1Clinic of Endocrinology, University Hospital Leipzig, Leipzig, Germany, 
2Department of General, Visceral, Transplant, Vascular and Pediatric Sur-
gery, University Hospital Würzburg, Würzburg, Germany, 3University 
of Leipzig, Leipzig, Germany, 4Department of Respiratory Medicine, 
University Hospital Leipzig, Leipzig, Germany, 5Department of Urology, 
University of Leipzig, Leipzig, Germany, 6Department of Medicine, Divi-
sion of Nephrology, Vanderbilt University School of Medicine, Nashville, 
TN, USA, 7University Hospital Leipzig, Leipzig, Germany.

Background and aims: Acyl-CoA-binding protein (ACBP)/diazepam-
binding inhibitor has lately been described as an endocrine factor affect-
ing food intake and lipid metabolism. It has been demonstrated that 
intravenous injection of recombinant ACBP in mice enhances food 
intake, while lowering glucose levels. Thus, ACBP has been reported to 
positively correlate with BMI in human studies supporting its role as an 
obesogenic factor. Furthermore, ACBP is dysregulated in catabolic/mal-
nutrition states like sepsis or systemic inflammation. However, regulation 
of ACBP has not been investigated in conditions with impaired kidney 
function, so far. The main hypothesis was that ACBP is eliminated by the 
kidneys and hence ACBP is increased in i) CKD patients with hemodi-
alysis treatment and ii) in patients with acute kidney dysfunction (AKD).
Materials and methods: Serum ACBP concentrations were inves-
tigated by enzyme-linked immunosorbent assay i) in a cohort of 60 
individuals with kidney failure (KF) on chronic haemodialysis and 
compared to 60 individuals with a preserved kidney function; and ii) 
in a human model of AKD. In addition, mACBP mRNA expression 
was assessed in two CKD mouse models and in two distinct groups of 
non-CKD mice. Further, mRNA expression of mACBP was measured 
in vitro in isolated, differentiated mouse adipocytes - brown and white 
- after exposure to the uremic agent indoxyl sulfate.
Results: Median [interquartile range] serum ACBP was almost 20-fold 
increased in KF (514.0 [339.3] μg/l) compared to subjects without KF 
(26.1 [39.1] μg/l) (p<0.001). eGFR was the most important, inverse 
predictor of circulating ACBP in multivariate analysis (standardized 
β=-0.839; p<0.001). Furthermore, AKD increased ACBP concentra-
tions almost 3-fold (p<0.001). Increased ACBP levels were not caused 
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by augmented mACBP mRNA expression in different tissues of CKD 
mice in vivo or in indoxyl sulfate-treated adipocytes in vitro.
Conclusion: Circulating ACBP inversely associates with renal function, 
most likely through renal retention of the cytokine. Future studies need 
to investigate ACBP physiology in malnutrition-related disease states, 
such as CKD, and to adjust for markers of renal function.

Supported by: R.S. received a travel grant from the DDG for its 
annual meeting in May 2023.
Disclosure: R. Schürfeld: Grants; Travel grant by DDG.
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Can we leverage CD38 as an NAD+-boosting treatment for meta-
bolic dysfunction during ageing?
B. Osborne1, M.H.  Nielsen1, M. Ben  Ezra1, M.A.  Petr1, R.  McIntyre2, 
R.H.  Houtkooper2, A.  Jafari3, M.  Kassem4, M. Scheibye-Knudsen1;
1Center for Healthy Aging, University of Copenhagen, Copenhagen, 
Denmark, 2Amsterdam UMC, University of Amsterdam, Amsterdam, 
Netherlands, 3University of Copenhagen, Copenhagen, Denmark, 
4University of Southern Denmark, Odense, Denmark.

Background and aims: Metabolic dysfunction is a key hallmark of 
ageing, leading to increased disease prevalence in our steadily ageing 
population. Premature ageing disorders such as Cockayne Syndrome 
(CS) present unique models to unravel the pathogenesis of metabolic 
dysfunction with age. CS is a rare genetic condition caused by muta-
tions in CSA or CSB and associated with increased DNA damage. 
This may drive metabolic disturbances including loss of fat mass 
that have been associated with lower levels of  NAD+. The depletion 
of  NAD+ is also seen in normal human ageing and has been linked 
to increasing activity of NADases such as CD38. Mice with a CD38 
deletion have been shown to have increased levels of  NAD+ associ-
ated with improved metabolic outcomes. Our aim is to modulate the 
ageing metabolism by manipulating levels of CD38 to reduce com-
petition for  NAD+ during DNA repair.
Materials and methods: To test the utility of CD38 pathway in 
improving metabolic dysfunction in CS models, we have devel-
oped a double knockout mouse model (DKO) which has deletions 
for both Csb and CD38. Frailty scoring and metabolic phenotyping 
including body composition by MRI, indirect calorimetry and oral 
glucose tolerance (2g/kg) was performed on chow-fed WT,  Csbm/m, 
CD38KO and DKO at 18 and 52 weeks of age. Analyses of key 
target tissues skeletal muscle, liver and brain included measure-
ment of the NAD metabolome by mass-spectrometry and related 
metabolites.
Results: Both  Csbm/m and DKO mice have a reduction in body 
weight and are significantly lighter than WT and CD38KO mice (14.9 
 (Csbm/m) and 21.6 (DKO) percent reduction in BW compared to WT 
p<0.001 at 12 months). This reduction in body weight in the DKO is 
associated with a significant decrease in percent fat mass (p< 0.01) 
and a reduction in respiratory exchange ratio demonstrating changes 
in whole-body fat metabolism. DKO mice show an improvement in 
glucose tolerance at 52 weeks of age (14 percent reduction in total 
AUC compared to WT, p<0.05). CD38 deletion appears to be a major 
driver of NAD metabolome levels (eg.  NAD+, NADH, NMN, ADPR) 
across all tissues, however the absolute changes in  NAD+ in response 
to both Csb and CD38 deletion were highly tissue specific. Metabo-
lomic pathway analysis revealed changes in metabolic pathways 
including the TCA cycle and fatty acid pathways that may underlie 
changes in whole-body metabolism in the CS model.
Conclusion: Our data suggests that depleting CD38 to replenish 
 NAD+ levels does not attenuate all DNA repair phenotypes such 
as reduction in fat mass and is highly tissue-specific. However, co-
deletion of CD38KO does improve glucose tolerance by unknown 
mechanisms. More must be learned about NAD-decline and its role 
as a key driver of metabolic ageing.
Supported by: DFF, AP Møller
Disclosure: B. Osborne: None.
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Effects of extracellular vesicles on pancreatic beta cells during 
obesity progression in mice
S. Morón-Ros1,2, V.  Ribas1,2, L.  Brugnara1,2, A.  Novials1,2, J. -M. 
 Servitja1,2;
1Liver, digestive system and metabolism, IDIBAPS. Institut 
d’Investigacions Biomèdiques August Pi i Sunyer, Barcelona, Spain, 
2CIBERDEM, Madrid, Spain.

Background and aims: Type 2 Diabetes (T2D) is a metabolic disorder 
characterized by hyperglycemia, insulin resistance and, finally, beta cell 
dysfunction. In order to maintain glucose homeostasis, a good communi-
cation between peripheral organs and pancreatic islets must be achieved. 
Extracellular vesicles (EVs) have been proposed as novel mediators of 
cell-to-cell communication. These cell-derived membranous vesicles 
carry diverse bioactive molecules, such as miRNAs. EVs are secreted 
by any cell into the extracellular space and can regulate the cell function 
far from where they were released, revealing an endocrine-like function. 
The aim of this project is to assess whether circulating EVs from diet-
induced obese mice regulate beta cell function or proliferation in mice.
Materials and methods: Male mice were fed a high-fat diet (HFD, 
45% of lipids) for 2, 12 and 16 weeks or HFD supplemented with 
0,5 % of cholesterol (HFHC). Mice were monitored during all the 
progression of the treatment. At the end of the study, EVs were iso-
lated from plasma. Dissociated islet cells (DICs) were obtained from 
pancreatic islets from 10-week-old mice fed with regular diet.
Results: First, we tested whether EVs are incorporated by pancreatic 
beta cells. Indeed, fluorescent labeled EVs from mouse plasma were 
efficiently internalized by mouse dissociated islet cells (DICs) after 6 
and 12h of treatment. Next, we explored the effects of EVs isolated 
from mice fed HFD for two weeks (early stage), or 12 and 16 weeks 
(late stages). Circulating EVs from mice fed a HFD for 2 weeks, when 
glucose-induced insulin secretion is preserved and basal insulinemia 
is already increased, induced beta-cell proliferation compared to EVs 
from mice fed regular diet (RD). In contrast, EVs isolated from mice 
fed with HFD for 12 or 16 weeks did not increase beta-cell prolifera-
tion. Remarkably, treatment with EVs isolated from mice fed a HFHC 
for 12 weeks, which displayed greater glucose intolerance, a blunted 
insulin secretory response and more severe hepatic steatosis, resulted in 
a decrease in the percentage of Ki67-positive beta cells and in total beta 
cell mass. This effect was paralleled by an increase in beta-cell apopto-
sis. Of interest, EVs from HFD-fed mice both at early and late stages of 
obesity did not impact on glucose-induced insulin secretion in DICs.
Conclusion: Collectively, our results suggest that circulating EVs from 
mice at early and late stages of obesity differentially modulate beta cell 
proliferation and survival, uncovering potential novel mechanisms of 
beta cell adaptation and dysfunction during disease progression.
Supported by: European Union’s Horizon 2020 (N° 863037), Insti-
tuto de Salud Carlos III (PI20/00658), EFSD/Boehringer Ingelheim 
European Research Programme
Disclosure: S. Morón-Ros: Grants; European Union’s Horizon 2020 
programme under grant agreement No 863037, Instituto de Salud 
Carlos III, co-funded by the European Union (PI20/00658), EFSD/
Boehringer Ingelheim European Research Programme.
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TRAPα deficiency impairs the early events of insulin biosynthesis 
causing age- and diet-related impaired glucose tolerance
X. Li1, J.  Hu1, Y.  Huang1, X.  Xu1, S.  Wang2, J.  Sun1, M.  Liu1;
1Tianjin Medical University General Hospital, Tianjin, China, 2Tian-
jin First Central Hospital, Tianjin, China.

Background and aims: Defects in the early events of insulin bio-
synthesis, including preproinsulin (PPI) translocation across the 
endoplasmic reticulum (ER) membrane and proinsulin (PI) oxidative 
folding in the ER, can lead to diabetes. However, cellular machinery 
involved in PPI translocation and PI folding remains to be deter-
mined. We have recently shown that translocon-associated protein 
alpha (TRAPα) is critical for insulin biosynthesis. However, its role 
in PPI folding and ER homeostasis is unknown. Importantly, although 
TRAPα is a type 2 diabetes (T2D)-associated gene, its change in T2D 
is unexploded. Here, we aimed to reveal the function of TRAPα in the 
early events of insulin biosynthesis and pathological consequences of 
TRAPα deficiency in β-cells. An association of TRAPα expression 
with amount of PI and insulin in T2D was also examined.
Materials and methods: Using a previously established β-cell specific 
TRAPα knockout (TRAPα-βKO) mouse line, we have monitored body 
weight, fasting blood glucose, intraperitoneal glucose tolerance tests 
(IPGTT) of TRAPα-βKO mice and controls fed with chow diet (CD) 
and high-fat diet (HFD). PPI translocation and PPI folding in TRAPα 
deficiency islets were examined by western blotting. The transcriptome 
changes including unfolded protein responses (UPR) were analyzed 
by RNA-seq, confirmed by quantitative real-time PCR. Intracellular 
localization of PI in TRAPα-βKO islets and the relationship of TRAPα 
expression with quantities of PI and insulin in pancreases from donors 
with T2D were observed by confocal immunofluorescence microscopy.
Results: Although TRAPα-βKO resulted in a decrease of plasma insu-
lin starting from 1 month of age, it did not cause impaired glucose 
tolerance (IGT) until 5 months of age. However, TRAPα-βKO mice 
developed IGT as early as 1 month after fed with HFD, suggesting that 
TRAPα deficiency leads to age- and diet-related IGT. Multiple inde-
pendent approaches revealed that TRAPα-βKO not only caused inef-
ficient PPI translocation across the ER membrane, but also impaired PI 
oxidative folding in the ER, led to abnormal accumulation of disulfide-
linked misfolded PI and significant decrease of insulin content. Islet 
transcriptome analyses confirmed by RT-PCR and western blotting 
showed that UPR were activated in TRAPα-βKO islets. To determine 
whether UPR activation is consequence or cause of PI misfolding, we 
knocked out both alleles of insulin genes (Ins1 and Ins2) in INS1 β-cell 
line, and found that UPR activation associated with TRAPα deficiency 
was significantly alleviated in INS1 cells without expression of PPI/PI. 
These results support the notion that misfolded PI is a direct cause of 
ER stress in TRAPα-βKO islets. Importantly, the expression of TRAPα 
was dramatically decreased in islets of patients with T2D, and this 
decrease was correlated with reduced insulin content accompanied with 
elevated ER localized PI in islets of T2D.
Conclusion: These data demonstrate for the first time that TRAPα 
deficiency in islet β-cells impairs PPI translocation and PI folding, 
leading to decreased insulin content and age-/diet related IGT. Given 
the fact that TRAPα is a T2D associated gene and the expression of 
TRAPα is decreased in islets of T2D, This study suggest that TRAPα 
deficiency may play an important role in pathogenesis of T2D.
Supported by: National Key R&D Program, National Natural Science 
Foundation of China
Disclosure: X. Li: None.
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The long non-coding RNA βItr regulates islet beta cell function 
in obesity
G. Li, D. Liu, L. Li;
Department of Endocrinology, ZhongDa Hospital, School of Medi-
cine, Southeast University, Nanjing, China.

Background and aims: Diabetes mellitus is a group of metabolic 
diseases characterised by elevated blood glucose levels, and obesity 
is a major cause of its occurrence. Prolonged exposure to high levels 



S301Diabetologia (2023) 66 (Suppl 1):S1–S536 

1 3

of glucose and fat can lead to islet β-cell dysfunction, but the underly-
ing molecular mechanisms remain unclear. The aim of this study was 
to identify islet long non-coding RNAs (LncRNAs) associated with 
obesity-mediated β-cell dysfunction.
Materials and methods: RNA sequencing was performed to analyse 
the islets of high-fat diet (HFD)-fed mice and those of normal chow-
fed mice (NCD). LncRNA B230319C09, which we named β-cell 
insulin transcriptional regulator (βItr), was overexpressed or knocked 
down in MIN6 cells and primary islet cells to evaluate its effect on 
β-cell function. Then, islet cells were stimulated with palmitic acid to 
investigate the cause of down-regulation of βItr expression in obese 
mice by promoter prediction and luciferase. Finally, RNA pull-down, 
RNA immunoprecipitation, and co-immunoprecipitation were used 
to investigate the regulatory mechanisms of βItr on islet function.
Results: We identified the significant downregulation of βItr in 
the islets of obese mice through RNA sequencing. The βItr gene 
is located on chromosome 6 in mice and chromosome 2 in humans, 
with a high degree of homozygosity. It is present in both the nucleus 
and cytoplasm of the cell. Overexpression of βItr in MIN6 cells and 
islets promotes insulin transcription. Mechanistically, palmitic acid 
down-regulates the expression of βItr by regulating TET3. βItr affects 
insulin transcription by increasing the methylation level of Neurod1.
Conclusion: Our study indicates that dysregulation of βItr plays an 
important role in obesity-induced β-cell dysfunction. Elucidating the 
mechanism of LncRNAs will provide new targets for the prevention 
and treatment of diabetes.
Supported by: This study was supported by the National Natural Sci-
ence Foundation of China (No. 81970717, 82000740 and 82170845)
Disclosure: G. Li: None.
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TUDCA treatment reduces hepatic glucose production and gluca-
gon secretion in malnourished mice fed with high-fat diet
J.A. Silva Junior, K.M. Oliveira, T.R. Araújo, B.L. Alves, E.M. 
Carneiro;
Department of Structural and Functional Biology, Campinas State 
University, Campinas - SP, Brazil.

Background and aims: Protein malnutrition in early life can impair 
glycemic homeostasis, potentially leading to the development of type 
2 diabetes mellitus, which is characterized by changes in insulin and 
glucagon secretion and action. Tauroursodeoxycholic acid (TUDCA) 
has been investigated as a potential treatment for obesity and dysfunction 
of the endocrine pancreas in many experimental models. Therefore, we 
aimed to investigate the effects of TUDCA on hepatic glucose production 
and glucagon secretion in malnourished mice fed a high-fat diet (HFD).
Materials and methods: C57Bl/6J male mice from 30 to 75 days-old 
were divided into two groups: one fed a control diet (14% protein - C) 
and the other a protein-restricted diet (6% protein - R). Afterward, 
half of the mice from each group were given a high-fat diet (HFD) for 
12 weeks (CH and RH). In the final 15 days of the study, these mice 
were further subdivided and given a daily intraperitoneal injection 
of either 300 mg/kg/ body weight (BW) of TUDCA (CHT and RHT) 
or PBS. Results were analyzed using Two-way ANOVA (P<0.05).
Results: As expected, R mice had lower BW (25±0.7g) and total protein 
(4±0.1 g/dL) compared to C (28±0.8g and 5±0.1 g/dL, respectively). 
Then, we evaluated the consequences of HFD ingestion in mice sub-
mitted or not to protein restriction. The CH and RH groups had higher 
BW (38±0.9 and 37±1.5g, respectively) and weight of perigonadal fat 
(39±2.9 and 38±3.8 mg/g BW, respectively) compared to C (9±0.9 
mg/g BW) and R (13±1.9, mg/g BW) group. In the CHT and RHT 
groups, treatment with TUDCA reduced BW (31±1.0 and 31±0.9g, 
respectively) and the weight of perigonadal fat (20±1.7 and 18±2.0 
mg/g BW, respectively). Regarding glucose homeostasis, CH and RH 

mice were glucose intolerant (5225±267 and 55706±401 mg/dL.min-1, 
respectively), insulin resistant (2.4±0.2 and 2.7 ±0.2  KITT, respec-
tively), produced more glucose stimulated by glucagon (1684±525 
and 1934±647 mg/dL.min-1, respectively) and by pyruvate (1889±158 
and 1973±966 mg/dL.min-1, respectively) compared to their respective 
controls (group C: 3315±298 mg/dL.min-1, 4.4±0.2KITT, 13111±891 
and 3315±298 mg/dL.min-1, respectively; group R: 3209±1517 mg/
dL.min-1, 4.0±0.2  KITT, 1362±781 and 1042±133 mg/dL.min-1, respec-
tively). Treatment with TUDCA improved all these parameters in the 
CHT (3983±263 mg/dL.min-1, 5.0±0.3KITT, 1265±622, and 1362±819 
mg/dL.min-1, respectively) and RHT groups (3983±258 mg/dL.min-1, 
5.4±0.3  KITT, 1437±462, and 1341±101 mg/dL.min-1, respectively). 
Isolated islets from CH and RH mice had increased glucagon secretion 
in response to a stimulatory condition of 0.5 mM glucose (48±6 and 
82±9 pg/islet/h, respectively) in relation to C and R groups (23±3 and 
34 ±4 pg/islet/h, respectively). TUDCA reduced this secretion in iso-
lated islets from the CHT and RHT groups (31±4 and 12±1 pg/islet/h, 
respectively). In response to 11.1 mM glucose, inhibitory condition, 
islets from CH and RH groups secreted more glucagon (48±4 and 62±9 
pg/islet/h, respectively) compared to C and R groups (19+1 and 14±1 
pg/islet/h, respectively). Treatment with TUDCA normalized this secre-
tion in CHT and RHT groups (11±1 and 7±0.2 pg/islet/h, respectively).
Conclusion: Malnourished mice fed with HFD showed impaired 
hepatic glucose production, which may be associated with glucagon 
hypersecretion. Treatment with TUDCA normalized both hepatic 
glucose production and glucagon secretion in this model.
Supported by: FAPESP
Disclosure: J.A. Silva Junior: None.
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N-acetyl-L-cysteine supplementation prevents beta cell oxidative 
stress and intra-islet stellate cell activation in aging mice under-
going high-fat diet challenge
M.A. Schuurman1,2, J.  Nguyen1,2, R.  Wang1,2;
1Children’s Health Research Institute, Lawson Health Research Insti-
tute, London, ON, Canada, 2Physiology and Pharmacology, Univer-
sity of Western Ontario, London, ON, Canada.

Background and aims: N-acetyl-L-cysteine (NAC) is an antioxidant 
that acts as a precursor to glutathione to replenish endogenous glu-
tathione levels, allowing for removal of reactive oxygen species and 
improving immune function. Aging is one of the major risk factors for 
the development of Type 2 Diabetes (T2D) and is primarily driven by 
oxidative stress. Our previous study determined that NAC improved 
glucose tolerance and insulin sensitivity in high-fat diet (HFD)-induced 
diabetic mice in a time-and dose-dependent fashion through a reduction 
of beta cell oxidative stress, intra-islet stellate cell (PaSC) activation 
and fibrosis. However, research on the effects of long-term antioxidant 
supplementation on non-obese healthy individuals, particularly in the 
islet microenvironment during aging, is limited. In this study, we exam-
ined whether long-term NAC supplementation can prevent changes in 
metabolic outcomes, beta-cell identity and PaSC activation in aging 
mice and in aging mice with a HFD challenge.
Materials and methods: Male C57BL/6N mice at 18 weeks of age were 
administered 50mM NAC supplementation (NAC) in drinking water 
and treatment was continued to 60 weeks, with controls consisting of 
litter- and age-matched chow-diet (ND) mice. At 40 weeks of age, mice 
were placed on HFD (60% kcal)-challenge for an 8-week period. Meta-
bolic tests for glucose tolerance and insulin secretion were performed. 
Histological analyses of islet morphology were assessed by measuring 
beta- and alpha-cell mass, beta-cell identity, and oxidative stress labelled 
by 8OHdG. Activated PaSCs were assessed using α-SMA staining.
Results: Mice supplemented with NAC had consistently lower body 
weights and fat pad mass throughout the duration of the study when 
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compared to ND mice. A significant improvement in glucose tolerance 
(p<0.01) was observed in NAC mice at 48 and 60 weeks of age when 
compared to ND mice with no change in insulin sensitivity. Beta-cell 
oxidative stress and intra-islet α-SMA labelling in NAC mice were also 
reduced following aging, and the beta-cell mass was preserved compared 
to ND mice. Interestingly, the localization of the nuclear beta-cell tran-
scription factor PDX-1 in NAC mice was significantly reduced (p<0.01) 
at 60 weeks of age. Under HFD-challenge,  NACHFD mice displayed a 
normal glucose tolerance response similar to ND mice on control chow, 
which was significantly impaired in  NDHFD mice (p<0.05). While  NDHFD 
mice demonstrated elevated plasma insulin levels associated with beta-cell 
hypertrophy and reduced PDX-1 nuclear localization,  NACHFD mice had 
significant improvements in these factors (p<0.05). Additionally,  NACHFD 
mice showed relatively lower beta-cell oxidative stress compared to  NDHFD 
mice, which was correlated with reduced activation of intra-islet PaSCs.
Conclusion: The findings from this study suggest that long-term NAC 
treatment can prevent beta-cell oxidative stress and intra-islet PaSC 
activation to improve metabolic outcomes in aging mice and in mice 
challenged with HFD during aging. Future studies will investigate the 
mechanistic effects of NAC on islets to determine how NAC influences 
beta-cell function and nuclear PDX-1 expression. Ultimately, the dem-
onstrated effects of antioxidant NAC on islets of aging and diet-stressed 
aging mice may support its use and safety in humans.
Supported by: CIHR
Disclosure: M.A. Schuurman: None.

601
Inhibition of GPR120 signalling in intestine ameliorates insulin 
resistance and fatty liver under high-fat diet feeding
T. Yasuda1, N.  Harada1, T.  Hatoko1, A.  Ichimura2, E. Ikeguchi-Ogura1, 
Y.  Murata1, N.  Wada1, S.  Kiyobayashi1, S.  Yamane1, A.  Hirasawa3, N. 
 Inagaki1,4;
1Department of Diabetes, Endocrinology and Nutrition, Graduate 
School of Medicine, Kyoto University, Kyoto, Japan, 2Department of 
Biological Chemistry, Graduate School of Pharmaceutical Sciences, 
Kyoto University, Kyoto, Japan, 3Department of Genomic Drug Dis-
covery Science, Graduate School of Pharmaceutical Sciences, Kyoto 
University, Kyoto, Japan, 4P.I.I.F. Tazuke-Kofukai Medical Research 
Institute KITANO HOSPITAL, Osaka, Japan.

Background and aims: G-protein-coupled receptor (GPR) 120 is a 
receptor for long-chain free fatty acids, which is expressed in intestine, 
adipose tissue, and macrophage. GPR120 is highly expressed in enter-
oendocrine cells which secrete glucose-dependent insulinotropic poly-
peptide (GIP), glucagon-like peptide-1 (GLP-1), and cholecystokinin 
(CCK). Although GPR120 signaling in adipose tissue and macrophages 
has been reported to ameliorate obesity and insulin resistance on high 
long-chain triglyceride (LCT) diet, intestine-specific roles of GPR120 
are unclear. In this study, we generated intestine-specific GPR120-
knockout  (GPR120int-/-) mice to clarify the effect of GPR120 signaling 
on obesity and insulin resistance under high-LCT diet feeding condition.
Materials and methods:  GPR120int-/- mice were generated by 
crossbreeding floxed GPR120 mice (Wild-type: WT) and Villin1 
promoter-Cre transgenic mice. We performed oral glucose tolerance 
test (OGTT) and oral corn oil tolerance test (OCTT) to compare glu-
cose tolerance and secretion of intestinal hormones. For high-LCT 
diet studies,  GPR120int-/- mice and WT mice received the high-LCT 
diet for 15 weeks followed by insulin tolerance test and OGTT. Sub-
sequently, weight and insulin-stimulated phosphorylation of Akt in 
liver, white adipose tissue (WAT), and skeletal muscle were meas-
ured. We evaluated gene expression of inflammatory cytokines in 
WAT and suppressor of cytokine signaling (SOCS) 3 and sterol reg-
ulatory element-binding protein-1c (SREBP-1c) in liver and WAT 
which are key regulators of insulin resistance and fatty liver.

Results: In OCTT,  GPR120int-/- mice showed reduced GIP secretion and 
CCK action without changing glucose, insulin, GLP-1, and PYY levels 
compared with WT mice. No significant difference was found during 
OGTT. On a high-LCT diet,  GPR120int-/- mice showed mild reduction 
of body weight and substantial amelioration of insulin resistance while 
glucose tolerance was similar between  GPR120int-/- mice and WT mice. 
The weight of liver and WAT was lower in  GPR120int-/- mice than that of 
WT mice while the weight of skeletal muscle did not differ between the 
two groups. Furthermore,  GPR120int-/- mice exhibited lower triglyceride 
content in liver and smaller adipocytes in WAT than WT mice. The liver 
and WAT of  GPR120int-/- mice showed increased Akt phosphorylation 
compared with those of WT mice while skeletal muscle did not show 
any significant difference. In addition, mRNA expression levels of IL-6, 
MCP1, and IL-1β in WAT were significantly lower in  GPR120int-/- mice 
than those in WT mice. Moreover, mRNA expression levels of SOCS3 
and SREBP-1c in liver and WAT were reduced in  GPR120int-/-mice.
Conclusion: Inhibition of GPR120 signaling in intestine improved 
insulin resistance and fatty liver, which was accompanied by increased 
Akt phosphorylation and reduced expression levels of SOCS3 in liver 
and WAT.
Disclosure: T. Yasuda: Grants; the Ministry of Education, Cul-
ture, Sports, Science and Technology (MEXT), Japan Society for 
the Promotion of Science (JSPS) [Grant No. 22K08668, 21J13647, 
and 20H03731], Ministry of Health, Labour, and Welfare, Ministry 
of Agriculture, Forestry and Fisheries, Japan Diabetes Foundation, 
Japan Association for Diabetes Education and Care, Care, Merck 
Sharp & Dohme (MSD) Life Science Foundation, Public Interest 
Incorporated Foundation, Suzuken Memorial Foundation.

602
Dapagliflozin counteracts the pro-apoptotic effects of the 
secretome of adipose cells from obese subjects in human cardiac 
progenitor cells via the SGLT2 co-transporter
G. Palma1, C.  Caccioppoli1, R. D’Oria1, V.A.  Genchi1, I.  Calderoni1, 
A.  Braun2, T.  Bottio1, G.  Santarpino3, A.  Cignarelli1, A.  Natalicchio1, 
L.  Laviola1, A.  Pezzolla1, A.  Milano1, F.  Giorgino1, S.  Perrini1;
1Department of Precision and Regenerative Medicine and Ionian Area 
- (DiMePRe-J), University of Bari Aldo Moro, Bari, Italy, 2GVM 
Care & Research, Bari, Italy, 3GVM Care & Research, Lecce, Italy.

Background and aims: Dapagliflozin (DAPA), an SGLT2 inhibitor, 
has been shown to counteract heart failure outcomes in subjects with 
obesity and diabetes. We investigated the protective mechanisms of 
DAPA in human cardiac progenitor cells (hCPC) exposed to the con-
ditioned medium (CM) from abdominal visceral (AV) and epicardial 
(E) adipose stem cells (ASC) and from AV mature adipocytes from 
obese subjects.
Materials and methods: ASC and mature adipocytes were isolated 
from AV adipose tissue biopsies of 27 obese (Ob) and 19 non-Ob 
subjects (n-Ob), and from E adipose tissue biopsies of 9 Ob and 10 
non-Ob subjects, respectively. hCPC were isolated from right auricle 
biopsies of 10 healthy non-Ob donors.
Results: Exposure of hCPC to the CM of adipose cells from Ob, but 
not from non-Ob subjects, induced apoptosis, c-Jun phosphoryla-
tion, and impairment of actin filaments, while these effects were not 
observed when hCPC were pretreated with DAPA. The CM of adipose 
cells from Ob compared to n-Ob subjects displayed a different pattern 
of cytokines. The levels of pro-inflammatory cytokines RANTES and 
MIP1β were increased in the CM from AV-ASC with higher BMI 
(p<0.05), while the levels of the cardioprotective factor GCSF in the 
CM of E-ASC were inversely correlated with BMI (p<0.05). SGLT2 
was found to be expressed as both mRNA and protein in hCPC, and 
silencing of SGLT2 with a specific siRNA attenuated the capacity of 
DAPA to counteract the pro-apoptotic effects of the CM.
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Conclusion: We show that: i) in human obesity, the CM of both AV- 
and E-ASC and mature adipocytes is characterized by pro-inflammatory 
cytokines that induce stress kinase activation and apoptosis in the hCPC; 
ii) hCPC express SGLT2 mRNA and protein; iii) DAPA prevents the hCPC 
damage induced by the CM through an SGLT2-dependent mechanism.
Disclosure: G. Palma: None.

603
New insights into the effect of empagliflozin on hepatic dysme-
tabolism in diabetic obese Zucker rats
C. Pirozzi1, S.  Melini1, F.  Comella1, A. Aragón  Herrera2, A.  Lama1, 
Y.  Farrag3, G. Mattace  Raso1, O.  Gualillo3, F. Lago  Paz2, R.  Meli1;
1Department of Pharmacy, University of Naples Federico II, Naples, Italy, 
2Cellular and Molecular Cardiology Unit and Department of Cardiology, 
Institute of Biomedical Research of Santiago de Compostela (IDIS-SER-
GAS), Santiago de Compostela, Spain, 3SERGAS (Servizo Galego de 
Saude) and NEIRID Lab (Neuroendocrine Interactions in Rheumatology 
and Inflammatory Diseases), Santiago de Compostela, Spain.

Background and aims: Sodium-glucose cotransporter 2 (SGLT2) inhib-
itors have emerged as an effective pharmacological tool for patients with 
type 2 diabetes mellitus (T2DM), cardiovascular disease and/or other 
metabolic disturbances. However, alternative mechanisms implicated in 
their beneficial effects are still unknown. Recent shreds of evidence have 
shown the benefits of empagliflozin (EMPA) in improving liver steatosis 
and fibrosis in patients with T2DM. Our study aimed to evaluate the 
impact of a 6-week-EMPA treatment on hepatic glucose and lipid dys-
metabolism observed in diabetic obese Zucker Diabetic Fatty (ZDF) rats.
Materials and methods: Hepatic insulin pathway, gluconeogenesis 
and metabolic and inflammatory markers were evaluated by Western 
blot and Real-Time PCR analysis.
Results: First, we found that EMPA induced the insulin signalling path-
way increasing the phosphorylation of its receptor (InsR) and activating 
PI3K/AKT pathway in the liver of ZDF animals. Contextually, EMPA 
counteracts hepatic gluconeogenesis, reducing the mRNAs of two 
enzymes involved in this process, phosphoenolpyruvate carboxy kinase 
(Pck1) and glucose-6-phosphatase (G6pc). The increased phosphorylation 
of AMPK by EMPA runs in tandem with the improvement of hepatic lipid 
metabolism altered in ZDF rats. EMPA treatment modulated the gene 
expression of key factors of fatty acid metabolism in the liver of ZDF rats, 
reducing the cluster of differentiation (CD)36, a transporter responsible 
for the influx of fatty acids into the hepatocytes and key marker of stea-
tosis together with FOXO-1. Moreover, EMPA increased the transcrip-
tion of the nuclear receptor peroxisome proliferator-activated receptor 
(PPAR)-γ and its coactivator PGC1-α, as well as the fatty acid binding 
protein (FABP)1, which contributes to clean hepatic free fatty acids. 
EMPA also increased the expression of the uncoupling protein (UCP)2 
and the mitochondrial transporter ATP-binding cassette (ABCG)1, sug-
gesting an improvement of hepatic mitochondrial functions compromised 
in diabetic rats. Finally, in furtherance of a few lines of evidence to date, 
we showed EMPA beneficial effect against the hepatic inflammation 
mainly associated with insulin resistance and concurrent hyperglycemia 
characterizing our animal model of diabetes. Specifically, EMPA mark-
edly reduced the gene expression of pro-inflammatory mediators, i.e. 
TNF-α and interleukin (IL)1β, and increased the anti-inflammatory IL-10 
in the liver of ZDF rats. Notably, we demonstrated that the hepatic expres-
sion of SGLT-2 did not change between EMPA-treated and untreated 
animals, suggesting the involvement of other converging mechanisms in 
the liver beyond the canonical and pharmacologically established one. 
However, we are elucidating these findings through further investigations.
Conclusion: Taken together, we shed light on the hepatoprotective effect 
of EMPA in counteracting insulin resistance and other metabolic and 
inflammatory alterations due to diabetes and its related comorbidities.
Disclosure: C. Pirozzi: None.
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Adolescents living with obesity in ACTION Teens: unawareness 
of their obesity affects their perceptions, attitudes and behaviours
A. Bereket1, L.A.  Baur2, B. Bin-Abbas3, W.  Chen4, F. Fernández-Aranda5, 
N. Garibay  Nieto6, J.C.G.  Halford7, J.P. López  Siguero8, C.  Maffeis9, V. 
 Mooney10, C.K.  Osorto11, R.  Reynoso12, Y.J.  Rhie13, M. Toro-Ramos14;
1Marmara University School of Medicine, Istanbul, Turkey, 2Chil-
dren’s Hospital Westmead Clinical School, Sydney, Australia, 3King 
Faisal Specialist Hospital and Research Center, Riyadh, Saudi Arabia, 
4Children’s Hospital, China Medical University, Taichung, Taiwan, 
5University Hospital of Bellvitge-IDIBELL and CIBEROBN, Bar-
celona, Spain, 6Hospital General de México “Dr. Eduardo Liceaga” 
and Hospital Angeles del Pedregal, Mexico City, Mexico, 7University 
of Leeds, Leeds, UK, 8Regional University Hospital, Málaga, Spain, 
9University of Verona, Verona, Italy, 10The European Coalition for 
People Living with Obesity, Dublin, Ireland, 11Novo Nordisk A/S, 
Copenhagen, Denmark, 12Novo Nordisk Health Care AG, Zürich, 
Switzerland, 13Korea University College of Medicine, Seoul, Republic 
of Korea, 14Hospital Alma Mater de Antioquia, Medellín, Colombia.

Background and aims: ACTION Teens was a global, cross-sec-
tional, online survey of adolescents living with obesity (ALwO), car-
egivers (CGs) and healthcare professionals (HCPs) who treat ALwO. 
This subanalysis assessed the effect of obesity awareness/unawareness 
on ALwO attitudes/perceptions/behaviours.
Materials and methods: In 2021, ACTION Teens surveyed 5275 
ALwO (aged 12-<18 years), 5389 CGs and 2323 HCPs who were 
recruited from online panels/databases in 10 countries. ALwO were 
grouped based on self-perception of their weight: perceived their weight 
as normal/below normal = ‘obesity-unaware’; perceived their weight as 
slightly/a lot/extremely above normal = ‘obesity-aware’. A Z-test was 
used to compare proportions; # indicates significant difference (p<0.05).
Results: In total, 1242 (24%) ALwO were obesity-unaware, the major-
ity of whom had obesity class I (72%). Compared with obesity-aware 
ALwO, a greater proportion of obesity-unaware ALwO were male (67% 
vs 53%#) and in the youngest age group (12-13 years; 43% vs 24%#), 
while fewer obesity-unaware ALwO had obesity class II (12% vs 24%#) 
and had been told they have obesity by a doctor (12% vs 54%#). The 
proportion of ALwO who worried a lot about their weight affecting 
future health was lower in the obesity-unaware group (19% vs 42%#). In 
the past year, a lower proportion of obesity-unaware (31%) than obesity-
aware (66%#) ALwO had made a weight loss attempt. However, more 
obesity-unaware ALwO had reduced their screen time (23% vs 16%#) 
and become more physically active (41% vs 32%#). Only 8% of obesity-
aware ALwO reported there were no barriers to them losing weight 
compared with 37%# of obesity-unaware ALwO. In addition, obesity-
unaware ALwO were more likely than obesity-aware ALwO to have 
no desire to lose weight (35% vs 5%#). Compared with obesity-aware 
ALwO, fewer obesity-unaware ALwO were motivated to lose weight by 
factors related to physical health, appearance or other goals, including 
not being happy with their weight (9% vs 46%#), wanting to be more fit/
in better shape (29% vs 44%#), wanting to look like their peers (12% vs 
33%#) and wanting to be more confident (19% vs 40%#).
Conclusion: Despite perceiving their weight to be normal or below 
normal, some obesity-unaware ALwO worried a lot about their future 
health, had attempted to lose weight and made lifestyle changes. 
However, more ALwO in the obesity-aware group worried a lot about 
their future health, wanted to lose weight, made a weight loss attempt 
and reported barriers to weight loss.
Clinical Trial Registration Number: NCT05013359
Supported by: Funded by Novo Nordisk A/S
Disclosure: A. Bereket: Employment/Consultancy; Novo Nordisk 
(consultancy only). Honorarium; Novo Nordisk.
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Bioelectrical impedance derived Phase Angle (PhA) in people liv-
ing with obesity among different weight status and inflammatory 
biomarkers
J. Carretero Gómez, P. González González, T. Galeano Fernandez, 
S. Cordoba Bueno, N. Boyero Calvo, B. Salgado Cardoso, J. Arévalo 
Lorido;
Internal Medicine, Badajoz University Complex, Badajoz, Spain.

Background and aims: Obesity is characterized not only by an 
increase of fat mass but also by alterations in skeletal muscle mass. 
The phase angle (PhA) is considered an indicator of cell health and 
integrity and provided information on the inherent characteristics 
of fat-free mass. PhA is an index of nutritional status, muscle mass 
strength and quality, related to metabolic and inflammatory markers 
and poor prognosis in chronic diseases. PhA ranges between 6° and 
7° are considered healthy and values less than 5° may indicate cel-
lular integrity loss. The aim of this study was to assess whether PhA 
differed because of weight status and inflammatory markers in people 
living with obesity.
Materials and methods: Obese outpatient was recruited from 
01/03/22 to 22/03/23 in internal medicine. They were classified into 
five groups according to BMI. Anthropometric, clinical and labora-
tory data were collected and body composition were analyzed by 
bioimpedance (Tanita MC-780P Multi-Frequency Segment Body 
Composition Analyzer). Differences among the five groups were 
analyzed and univariate comparisons were made among them.
Results: 153 people living with obesity, 35.3% women, men aged 
49.1(12.8) years, 48.7% with T2DM, were analyzed. The groups were 
conformed as follow: group 1 (BMI <30 Kg/m2), n= 15; group 2 (BMI 
30-34.99 Kg/m2), n=19; group 3 (BMI 35-39.99 Kg/m2), n=43; group 
4 (BMI 40-49.99 Kg/m2), n=51 and group 5 (BMI>50 Kg/m2), n= 24. 
Clinical, anthropometric, and biochemical variables were show in table 1. 
No differences in T2DM, HBP or dyslipidemia prevalence were found. 
Regarding PhA, higher values were found in obesity grade 2, 3 and 
extreme (p=0.038), with positive relationship with weight (p=0.001), fat 
mass (p=0.001), skeletal muscle mass (p=0.001), total body water (p= 
0.001) and visceral adiposity index (p=0.001) and decreased with age 
(p=0.007). Also, both, fat mass, visceral adiposity index and higher PhA 
values were related to inflammatory indices, measured by PCR (p=0.01), 
Albumin (p=0.01), lymphocytes (p=0.27) and their ratios, Lymphocyte 
to C-reactive Protein ratio (LACR) (p=0.0009) and C-Reactive protein 
to Albumin ratio (CRP) (p=0.01) but not metabolic indices (TyG index, 
p=0.36).
Conclusion: The PhA could be used as an index of quality muscu-
larity in overweight and obese people. Obese people have a worst 
inflammatory profile, despite having more Fat mass and water, so we 
think that PhA could serve to identify in our sample, the metaboli-
cally unhealthy and non-sarcopenic obese phenotype. These may be 
useful in the assessment of nutritional (especially of muscle qual-
ity) and inflammatory status to predict phenotypes with high risk of 
comorbidities associated with the high fat mass-inflammation bino-
mial in people living with obesity.

Disclosure: J. Carretero Gómez: None.

606
Correlation of body mass index with body fat indices, skeletal 
muscle mass, neck circumference waist-hip ratio in people with 
type 2 diabetes
S. Patange;
Dr Sonali Patanges Speciality Diabetes Center, Mumbai, India.

Background and aims: BMI is an inaccurate measure of body fat 
content and does not consider muscle mass and overall body com-
position. Hence, we undertook this study to find out the correlation 
between the BMI, body fat indices (Percent Body Fat, Body Fat Mass 
of Trunk, Body Fat Mass % of Trunk, Visceral fat area and visceral 
fat level) Basal Metabolic Rate (BMR) Waist-Hip Ratio (WHR) and 
circumference of neck.
Materials and methods: We conducted a descriptive cross-sectional 
study on 365 people with T2DM over 18 months (August 2021 to 
January 2023). InBody 770, a multi-frequency bioelectrical imped-
ance device was used to assess the body fat composition. GraphPad 
version 9.5 was used for statistical analysis.
Results: The mean age, BMI (Kg/m2), body weight (kg) was 46 years 
(±14, 95% CI 44 to 47), 29 kg/m2 (±5.4, 95% CI 28 to 30), 77 kg 
(±15, 95% CI 75 to 78), respectively. 93.4% (341/365) had body fat 
>25%, whereas 35.8% (131/365) had BMI >30kg/m2. The mean vis-
ceral fat level (VFL) was 15 (±4.9, 95% CI 14 to 15). There were 65.2% 
(238/365) people who had VFL >12, which was the cut-off for healthy 
level of visceral fat. (Table). There was a significant correlation between 
the BMI and skeletal muscle mass (Pearson r 0.17, 95% CI 0.07 to 
0.27, p=0.0007), BMI and percent body fat (Pearson r 0.73, 95% CI 
0.68 to 0.78, p<0.0001), BMI and body fat mass % of trunk (Pear-
son r 0.87, 95% CI 0.84 to 0.89, p<0.0001), BMI and Basal Metabolic 
Rate (Pearson r 0.19, 95% CI 0.09 to 0.28, p<0.0001, BMI and Waist-
Hip Ratio (Pearson r 0.52, 95% CI 0.44 to 0.59, p<0.0001), BMI and 
VFL (Pearson r 0.78, 95% CI 0.74 to 0.82, p<0.0001), BMI and neck 
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circumference (Pearson r 0.83, 95% CI 0.79 to 0.86, p<0.0001, BMI 
and visceral fat area (Pearson r 0.84, 95% CI 0.81 to 0.87, p<0.0001)
Conclusion: Assessing body fat composition using multiple measures, 
such as percent body fat, body fat mass of trunk, visceral fat area 
and level, basal metabolic rate, waist-hip ratio, and neck circumfer-
ence, provides a more accurate picture of an individual’s adiposity. A 
majority of individuals with T2DM in the study population had high 
levels of body fat, highlighting the importance of precise screening 
for adiposity in this patient population. Normalizing body fat levels 
should be a targeted therapeutic approach for individuals with T2DM 
to address chronic metabolic diseases associated with excess body 
fat. The use of bioelectrical impedance devices for assessing body fat 
composition is a valuable tool for healthcare professionals working 
with individuals with T2DM to provide more personalized care and 
improve patient outcomes

Disclosure: S. Patange: None.

607
The interplay between fat deposition and diabetic-status hyper-
glycaemia: insights from Bayesian-network modelling
T. Waddell1,2, A.  Namburete1, H. Thomaides-Brears2, M.  Brady2;
1University of Oxford, Oxford, UK, 2Perspectum Ltd, Oxford, UK.

Background and aims: People living with obesity are seven times 
more likely to develop type 2 diabetes (T2D) relative to those con-
sidered to have a “normal” BMI. However, BMI confounds several 
facets of body composition (adipose tissue, lean muscle) into a single 
measure, disregarding body fat distribution. Bayesian-networks (BNs) 
enable such confounds to be unraveled by graphically modelling 
probabilistic relationships. We illustrate how BNs can be applied to 
measures of fat deposition from magnetic resonance imaging (MRI) 
to estimate the probability of diabetic hyperglycemia (DHG).
Materials and methods: Data from 351 participants (171 with self-
reported T2D, 180 with no reported diabetes; matched for BMI) were 
collected from the UK Biobank. MRI-derived measures of subcutaneous 
fat (SAT)  (cm2), visceral adipose tissue (VAT)  (cm2), skeletal muscle 
index (SMI)  (cm2/m2) and liver fat (%) were combined with additional 
biomarkers, including glycated hemoglobin (HbA1c; mmol/L). DHG 
was defined as HbA1c >48. A ‘semantic’ BN was constructed with 
medical experts by selecting relevant biomarker variables and orienting 
edges in line with current literature (Figure 1). Edge orientation makes 
explicit the direction of conditional dependence between variables, 
where in Figure 1 the value of ‘Obesity’ is conditionally dependent on 
‘SAT’. We then fixed the values of specific variables and estimated the 
probability of DHG. For example, the probability of DHG was estimated 
after fixing the value of ‘VAT’ to either ‘elevated’ or ‘low’ by threshold-
ing at the >75th and <25th percentile values, respectively.
Results: The median [IQR] HbA1c value was 38 [34-43] mmol/L, cor-
responding to a 24% probability of DHG. Fixing the value of Obesity to 
‘obese’ and ‘severe obesity’ elicited a 3% and 8% increase, respectively, 
in the probability of DHG vs ‘normal weight’. ‘Elevated’ vs ‘low’ VAT, 
SAT, and liver fat (>10%) resulted in a 4%, 2% and 10% increase in DHG, 
respectively. To support questions relevant to a clinician, we explored an 
example case study with elevated VAT and SAT, liver fat >10% (severe 

steatosis) and reduced SMI, yielding a 39% probability of DHG. This was 
reduced by 11% (28%), 13% (26%) and 9% (30%) when specifying ‘low’ 
liver fat (<5.6%), VAT and ‘normal’ SMI, respectively. ‘Low’ liver fat and 
‘normal’ SMI together reduced the risk of DHG by 19% (20%). However, 
‘low’ SAT and ‘elevated’ VAT together increased the risk of DHG by 13% 
(51%), suggesting this phenotype is the most ‘at risk’ of DHG.
Conclusion: Elevated measures of VAT or SAT in isolation did not 
elicit discernible increases in the probability of DHG. Rather, a com-
bination of fat deposition in multiple sites yielded a higher probability 
of DHG. BN modelling revealed reducing liver fat yielded the high-
est reduction in DHG risk, which can be achieved through lifestyle 
changes. We highlight the risk associated with a high VAT/low SAT 
phenotype, consistent with a protective effect of SAT against dis-
turbed glucose metabolism in the context of obesity.

Disclosure: T. Waddell: Employment/Consultancy; Perspectum Ltd. 
Stock/Shareholding; Shareholder at Perspectum Ltd.

608
Adenosinergic system correlates with BMI in dysmetabolic 
patients
F. Martins1, R.E.  Figueiredo1, R.O.  Oliveira1,2, S.V.  Conde1;
1Nova Medical School|Faculdade de Ciências Médicas-New University 
of Lisbon, Lisbon, Portugal, 2Hospital da Cruz Vermelha de Lisboa 
– Unidade de Cirurgia Metabólica e Bariátrica, CTO, Lisbon, Portugal.

Background and aims: Obesity is a global epidemic resulting from 
lower spent energy combined with a high intake of food. Extra energy 
is converted into fat and then stored in different tissues. Obesity is 
linked with diseases such as type 2 diabetes (T2D), non-alcoholic 
fatty liver diseases (NAFLD) among others. Liver is involved in 
glucose homeostasis and is impacted by fat accumulation in obese 
conditions. Therefore, hepatic metabolism plays a crucial role in the 
context of these diseases. Adenosine is known to act on hepatic glu-
cose production and insulin action. In dysmetabolic states, adenosine 
receptors are known to be altered. The present work aims to inves-
tigate the role of hepatic adenosine and the adenosinergic system in 
the pathological paradigm linking T2D and obesity.
Materials and methods: Human liver biopsies were collected from 
overweight and obese patients submitted to bariatric surgery or from 
controls submitted to different types of surgeries. Anthropometric and 
blood biochemical analysis were performed for the evaluation of body 
mass index (BMI) and parameters related with T2D such as glycemia, 
insulin and HbA1c. The clinical study followed the Helsinki Declara-
tion and was approved by the ethical committees. Written informed 
consent was obtained from all individuals. Hepatic adenosine levels 
were quantified by HPLC and A2A and A2B adenosine receptors lev-
els by western blot. Spearman correlations were performed between 
hepatic adenosine levels and metabolism-related parameters, being 
significantly correlated at p<0.05. Overweight patients were then 
separated into overweight, class I, class II and class III patients and 
One-Way ANOVA between all groups was performed for the same 
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variables tested before. Statistical analyses were performed using SPSS 
statistical software (vs 26.0 for Mac).
Results: The study comprised a population with a range of 16-82 years 
old with a mean age of 48.7±12.5 and a BMI range of 22.6-65.3. BMI 
significantly correlated with hepatic adenosine levels when all subjects 
were considered (Spearman’s correlation coefficient= -0.332, p<0.05). 
When subjects were divided in the 3 classes of obesity only hepatic 
adenosine levels were significantly different between groups, with class I 
obese patients showing the highest levels of mean hepatic adenosine lev-
els (nmol/mg tissue: class I= 29.8±15.6; class II= 20.1±3.4; obese class 
III= 9.4±1.6; f=4.05, p=0.025). Obese individuals exhibit a tendency to 
decrease liver A2aR levels (% from control: CTL= 100.0±8.4; Obese= 
89.3±28.1), with obese class III individuals showing the highest A2aR 
levels decrease (% of decrease from control: Ob Class I= 6%; Ob Class 
II= 10.2%; Ob Class III:24.4%). In contrast, A2bR levels tendentially 
increased in hepatic tissue from obese individuals (CTL= 100.0±42.6; 
Obese= 211.9±169.8), without evident dependency on obesity degree.
Conclusion: We clearly demonstrate that obesity is correlated with 
hepatic adenosine levels and with the levels of A2aR and A2bR. 
Adenosine metabolism should be further assessed to evaluate its pos-
sible role as a marker for dysmetabolism associated with obesity.
Supported by: Financial support by Portuguese Foundation for Sci-
ence and Technology [CEECIND/04266/2017 (FOM)].
Disclosure: F. Martins: None.

609
Loss of adipose tissue plasticity as an early hallmark of insulin 
resistance and metabolic maladaptation in patients with obesity
D. Rosendo-Silva1, B.  Almeida2, P.B.  Gomes3, S.  Viana1, F.  Reis1, 
R. Seiça1, P.  Matafome1;
1Institute for Clinical and Biomedical Research, Faculty of Medicine, 
University of Coimbra, Coimbra, Portugal, 2Associação Protetora dos 
Diabéticos de Portugal, Lisboa, Portugal, 3Surgery Service, Coimbra 
University Hospitals, Coimbra, Portugal.

Background and aims: The metabolic sequelae of obesity (meta-
bolic syndrome and type 2 diabetes) is a major public health chal-
lenge. Adipose tissue dysfunction is a hallmark of metabolic diseases 
and is characterized by the hypertrophic growth of adipocytes and 
insulin resistance, impairment of the angiogenic process, immune cell 
infiltration, and redox imbalance. However, the sequential evolution 
of dysfunctional mechanisms affected during each stage of the meta-
bolic dysregulation process is unknown. The main aim of our work is 
the identification of molecular markers of visceral adipose tissue dys-
function along the progression of the metabolic sequelae of obesity.
Materials and methods: Patients with obesity (n=92) at distinct stages 
of metabolic dysregulation, i.e., insulin sensitivity (control group), insu-
lin resistance, pre-diabetes, and type 2 diabetes, were recruited from the 
Obesity Consultation at the Coimbra University Hospital. Biochemical 
parameters in peripheric blood samples were evaluated and differences 
between groups were assessed by the Kruskal-Wallis test in GraphPad v.8. 
Statistical significance was set at p<0.05. Visceral adipose tissue samples 
were collected and the expression of several genes was evaluated by qPCR 
in the Biomark HD Fluidigm system. Clustering and gene ontology were 
performed using the Mfuzz and ClusterProfiler packages in R software.
Results: Using a cluster-based analysis (Mfuzz package), five rel-
evant clusters of gene expression patterns were identified in the vis-
ceral adipose tissue. Genes decreasing right after insulin resistance 
establishment were involved in angiogenesis and tissue remodeling, 
while pre-diabetes was associated with an increase in genes regulat-
ing the response to hypoxia and growth factors signaling. Type 2 dia-
betes was characterized by an increase in the inflammatory response, 
with concomitant downregulation of genes involved in hypoxia, insu-
lin and redox response, as well as lipid storage and metabolism.

Conclusion: Impairment in visceral adipose tissue plasticity is an 
early hallmark of tissue dysfunction in obesity, which is followed by 
a compensatory response to hypoxia in pre-diabetes. Once this effect 
is lost, adipose tissue dysfunction reaches a climax in type 2 diabetes, 
characterized by inflammation, inappropriate response to hypoxia, 
insulin, glutathione-dependent redox signaling, and lipid metabolism. 
Molecules/pathways suffering early dysregulation may become inter-
esting therapeutic targets for tackling the metabolic maladaptation 
of adipose tissue and obesity-associated metabolic complications.
Disclosure: D. Rosendo-Silva: None.

610
Impact of HIV and menopause on adipose tissue function, insulin 
sensitivity and beta cell function in middle-aged black African 
women
A.E. Mendham1, M.  Masemola2, L.K.  Micklesfield2, F.  Karpe3, 
A. Pascal  Kengne4, T.  Chikowore2, N.C.  Kufe2, N.J.  Crowther2, C. 
 Pheiffer4, S.  Norris2, K.  Storbeck5, T.  Olsson6, J.H.  Goedecke4;
1University of Cape Town, Newlands, South Africa, 2University 
of the Witwatersrand, Johannesburg, South Africa, 3University of 
Oxford, Oxford, UK, 4South African Medical Research Council, Cape 
Town, South Africa, 5Stellenbosch University, Stellenbosch, South 
Africa, 6Umeå University, Umeå, Sweden.

Background and aims: This study examined the impact of meno-
pause and HIV status on the complex relationship between regional 
adiposity on one hand and insulin sensitivity and beta-cell function on 
the other hand, with a specific aim of understanding the function of 
depot-specific adipose tissue gene expression on these relationships.
Materials and methods: This cross-sectional study includes a sub-sam-
ple of women (n=92) recruited from the Middle-Aged Soweto Cohort 
(MASC) and divided into four groups based on HIV and menopause sta-
tus; (1) pre-menopausal HIV-negative (PRE-, n=21); (2) pre-menopausal 
women living with HIV (LWH [PRE+, n=11]); (3) post-menopausal HIV-
negative (POST-, n=42); (4) post-menopausal women LWH (POST+, 
n=18). Testing procedures included the collection of body composition 
and fat distribution (dual energy x-ray absorptiometry); fasting blood 
analysis of sex hormones, glucocorticoids, inflammation and adipokines; 
frequently sampled intravenous glucose tolerance test (FSIGT) for the cal-
culation of insulin sensitivity  (SI), acute insulin response to glucose  (AIRg) 
and beta-cell function (Disposition index, DI); abdominal and gluteal SAT 
biopsies for the measurement of cell size and the expression of genes relat-
ing to adipokines, inflammation, lipid biology and estrogen receptors.
Results: FSIGT-derived measures of  SI, DI and AIRg did not differ 
between HIV and menopause groups. However,  AIRg was higher in 
the women LWH than without HIV, but this difference was no longer 
significant when adjusting for differences in fat mass index (FMI). 
Women LWH had higher expression of adiponectin in both abdominal 
(p=0.002) and gluteal (p=0.004) adipose depots, lower expression of 
leptin (abdominal p=0.005 and gluteal p=0.002) and a larger proportion 
of smaller cells and lower proportion of large cells in the abdominal 
depot (p<0.001). The depot specific association between gene expres-
sion and  SI did not differ by HIV or menopause group. Therefore, groups 
were pooled for OPLS analysis and showed significant models for the 
correlates of  SI (p=0.003) and DI (p=0.002). For  SI, the OPLS loadings 
revealed a strong association with total and regional adiposity, circulat-
ing adipokines and inflammation markers, and abdominal and gluteal 
SAT expression of PPARγ, GRα, ERβ and IL-6. In addition,  SI was 
associated with lower leptin and CD11c in abdominal SAT and higher 
adiponectin in gluteal SAT, suggesting depot specificity. For DI, the 
OPLS loadings showed an association with regional adiposity, circu-
lating sex hormones and adiponectin levels, as well as abdominal and 
gluteal expression of adiponectin, LPL, ERα, GRα and PPARγ, and 
abdominal SAT leptin transcript levels.
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Conclusion: We observed that abdominal and gluteal SAT were 
differentially associated with  SI and beta cell function. This may be 
explained by differences in cell size distribution and transcript levels 
between the depots, which were predominately affected by HIV status.
Supported by: GSK
Disclosure: A.E. Mendham: None.

611
LEAP2 reduces preprandial and postprandial glucose responses 
and ad libitum food intake in obese men
A. Englund1, C.A.  Hagemann1, L.S.  Gasbjerg2,1, F.K.  Knop1,3;
1Center for Clinical Metabolic Research, Gentofte Hospital, Univer-
sity of Copenhagen, Hellerup, Denmark, 2Department of Biomedi-
cal Sciences, Faculty of Health and Medical Sciences, University 
of Copenhagen, Copenhagen, Denmark, 3Department of Clinical 
Medicine, Faculty of Health and Medical Sciences, University of 
Copenhagen, Copenhagen, Denmark.

Background and aims: The naturally occurring peptide liver-
enriched antimicrobial peptide 2 (LEAP2) has gained interest as a 
ghrelin receptor antagonist. Recently, we reported food intake and 
plasma glucose-lowering effects of exogenous LEAP2 in lean healthy 
males. Here, we investigated the effects of LEAP2 infusion on ad 
libitum food intake and postprandial glucose tolerance in obese men.
Materials and methods: Twenty obese men (mean (SEM) age 44.2 
(2.2) years; BMI 36.3 (0.8) kg/m2; body fat percentage 37.4 (0.9)%) 
were enrolled in this randomized, double-blind, placebo-controlled, 
crossover study comprising two experimental days. Experimental days 
involved a ~5-hour intravenous (iv) infusion of LEAP2 or placebo dur-
ing which a liquid mixed meal test (MMT) and a subsequent ad libitum 
meal test were performed. Plasma glucose measures included fasted 
(preprandial), peak and time to peak values as well as AUC during 
MMT. Ad libitum food intake was measured in kilojoule (kJ) and kJ/
kg body weight.
Results: Compared to placebo, LEAP2 infusion lowered preprandial 
plasma glucose (mean (SEM): 5.03 (0.08) vs. 5.19 (0.06) mmol/L, 
p=0.0095) as well as peak (6.58 (0.18) vs. 6.98 mmol/L (0.18), p=0.0001) 
and AUC for plasma glucose during MMT (1,506 (33.4) vs. 1564 (30.4) 
min×mmol/L, p=0.0005), but not time to peak. Ad libitum food intake 
was reduced by ~13% during LEAP2 infusion compared to placebo (2,939 
(266) vs. 3,378 (258) kJ, p=0.0118; 25.0 (2.4) vs. 28.4 (2.0) kJ/kg body 
weight, p=0.0140).
Conclusion: We conclude that a continuous iv LEAP2 infusion 
reduces preprandial and postprandial plasma glucose concentrations 
as well as ad libitum food intake in obese men. Our results call for 
further exploration of LEAP2’s potential as an anti-obesity strategy-
based therapeutics for obesity and other metabolic diseases.

Clinical Trial Registration Number: NCT05603598
Disclosure: A. Englund: None.
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Cables1 expression is reduced in human subcutaneous adipose 
tissue in obesity and type 2 diabetes but may not directly impact 
adipocyte glucose and lipid metabolism
S. Hetty1, M.  Vranic1, P.G.  Kamble2, M.H.  Lundqvist1, M.J.  Pereira1, 
J.W.  Eriksson1;
1Department of Medical Sciences, Clinical Diabetology and Metab-
olism, Uppsala University, Uppsala, Sweden, 2AstraZeneca R&D, 
Mölndal, Sweden.

Background and aims: Adipose tissue (AT) plays a key role in the 
regulation of whole-body metabolism through its function as a fat stor-
age/mobilization and endocrine organ. Identifying factors important for 
AT function is therefore of interest. CABLES1 (Cdk5 and Abl Enzyme 
Substrate 1) is a cyclin-dependent kinase-binding protein involved in 
cell proliferation/differentiation that has been identified as a candidate 
gene for obesity-related phenotypes in genome-wide association stud-
ies. It has not previously been functionally evaluated for causality, and 
its role in human AT metabolism is not known. The aim of this study 
was to investigate CABLES1 in human subcutaneous adipose tissue 
(SAT) metabolism in the context of obesity and type 2 diabetes (T2D), 
and its functional role in adipocyte development and metabolism.
Materials and methods: We performed gene expression analysis 
(RNAseq and qPCR) of SAT obtained from a cohort of subjects both 
with and without T2D (n= 19 T2D/20 without; 20W/19M; age: 34-72 
years; BMI: 22-40 kg/m2) and from a second validation cohort con-
sisting of subjects without T2D (n=91; 65 W/2M; age: 18-72 years; 
BMI: 20-58 kg/m2) and correlated CABLES1 gene expression in SAT 
with clinical characteristics as well as with expression of relevant 
genes. Moreover, we used CRISPR/Cas9 genome editing to perform 
CABLES1 loss-of-function studies in human primary preadipocytes 
and assessed them functionally after differentiation into adipocytes.
Results: CABLES1 gene expression in SAT was 20% (p=0.06) and 50% 
(p<0.001) lower in subjects with overweight and obesity, respectively, 
compared to lean. Moreover, gene expression levels correlated inversely 
with obesity markers, such as waist-hip-ratio and adipocyte size (both, 
p<0.05), while positively correlated with genes involved in adipogenesis 
(e.g. PPARG ) and lipogenesis (e.g. FASN). T2D subjects had 30% lower 
CABLES1 gene expression levels in SAT compared to BMI- and age-
matched subjects without T2D (p<0.01), and expression levels were nega-
tively correlated with markers insulin resistance (e.g. HOMA-IR, p=0.007) 
and hyperglycemia (e.g. HbA1c, p<0.001), while positive correlations 
were seen for genes involved in glucose uptake (e.g. GLUT4). In vitro, 
CABLES1 was expressed in preadipocytes and throughout differentiation 
into mature adipocytes for 14 days. However, CABLES1 gene knock down, 
by up to 95%, in differentiated adipocytes did not cause any phenotypical 
changes in regards to differentiation capacity, glucose uptake, or expression 
of key genes of adipocyte function (e.g. PPARG , GLUT4, FASN).
Conclusion: Our findings show that higher CABLES1 gene expression 
levels in SAT are associated with a metabolically beneficial pheno-
type; it correlates negatively with obesity and insulin resistance mark-
ers, and is downregulated in subjects with obesity and T2D. However, 
the lack of metabolic consequences of knocking down CABLES1 in 
adipocytes suggests that alterations of CABLES1 gene expression 
in obesity and T2D may be secondary to metabolic dysregulation. 
Although we cannot rule out the possibility that CABLES1 plays an 
important role in SAT function or dysfunction per se, our data indicate 
that it’s dispensable for adipogenesis and that loss of this gene does not 
cause impairments in glucose uptake or key adipocyte function genes.
Supported by: SDF (DIA2021-661), EXODIAB, Stift Fam Ernfors 
Found, A&M Rudberg, P.O.Zetterlings, Novo Nordisk, TREATMENT 
(H2020-MSCA-INT-721236), UU ALF
Disclosure: S. Hetty: None.

613
Identification and functional investigation of novel candidate 
genes for type 2 diabetes on chromosome 4
K. Kaiser1,2, S. Görigk1,2, T.  Kuhn1,2, D.  Altenhofen1,2, J.  Khuong1,2, 
J.  Decker1, S.  Lebek1, A. Schürmann3,2, A.  Chadt1,2, H. Al-Hasani1,2;
1Institute for clinical biochemistry and pathobiochemistry, German 
Diabetes Center, Düsseldorf, Germany, 2German Center for Diabetes 
Research (DZD), München-Neuherberg, Germany, 3German Institute 
of Human Nutrition Potsdam-Rehbrücke, 14558 Nuthetal, Germany, 
Germany.

Background and aims: The susceptibility for the development of obe-
sity and type 2 diabetes (T2D) is not sufficiently understood. Mouse 
inbred strains provide the opportunity to identify novel genetic determi-
nants of disease onset and progression. Our previous linkage analyses 
of the T2D-susceptible New Zealand Obese (NZO) and T2D-resistant 
129P2/Ola strain backcross revealed a quantitative trait locus (QTL) 
for blood glucose (LOD =7.1, wk 17) independent of body weight on 
chromosome 4 (Nbg4). Our aim is to identify potential new diabetes-
inducing and/or -protective candidate genes in this locus.
Materials and methods: We generated a recombinant congenic strain 
(RCS) through introgression of the 129P2/Ola Nbg4 locus into the 
NZO background. Mice on high fat diet (45%cal) were genotyped 
using high-density SNP panels and phenotyped for metabolic traits 
including body weight and composition (NMR), blood glucose (BG) 
and plasma insulin levels. At 6 and 18 weeks of age, tissues were 
harvested for gene expression analyses. Microarray gene expression 
analysis and validation with quantitative Real-time PCR (qPCR) com-
bined with in silico sequence analysis were used for the identification 
of gene variants potentially linked to the phenotype. Furthermore, 
selected candidate genes (Ptpn3, Rad23b, Svep1 and Alad) in adi-
pose tissue were investigated for their specific role in glucose and 
lipid metabolism, using insulin-stimulated glucose uptake, Oil Red 
O staining and qPCR after knockdown (KD) or overexpression (OE) 
of the respective gene in 3T3-L1 adipocytes.
Results: We found that RCS.129P2 allele carriers exhibited substan-
tially higher BG levels (305.2 ± 22.91 mg/dL vs. 247.0 ± 18.52 mg/
dL; p=0,048) compared to RCS.NZO Nbg4 allele carriers. This was 
accompanied by a 2-fold lower glucose uptake and lower GLUT4 pro-
tein abundance in gonadal white adipose tissue (gWAT). Retroviral OE 
of Ptpn3 (97 %) in 3T3-L1 adipocytes led to lipid accumulation, quan-
tified by Oil Red O staining and decreased expression of the lipolysis 
associated gene Plin1 (0.770 ± 0.052 vs. 1.010 ± 0.060; p=0,014). 
Knockdown of Svep1 (88 %) led to a significantly altered expression 
of several genes associated with lipolysis, including Atgl (0.70 ± 0.078 
vs. 1.020 ± 0.095; p=0,027). Si-RNA mediated KD of Alad (47.8%) 
resulted in reduced insulin-stimulated glucose uptake (404 ± 35 AU 
vs. 456 ± 24 AU; p=0,06). The KD of Rad23b had no influence on 
glucose uptake and lipid metabolism in 3T3-L1 adipocytes.
Conclusion: Data from our experiments indicate a role of Alad, Svep1 
and Ptpn3 in glucose and lipid metabolism in adipocytes. All genes 
constitute novel candidates for diabetes-related traits thus validating 
our approach for positional cloning using mouse experimental genetics.
Disclosure: K. Kaiser: None.

614
Mir-29b-3p: regulator and extracellular biomarker of adipose 
tissue fibrosis in obesity and prediabetes
M. Clemente-Postigo1,2, E. Garrido-Rascon2, L. Ortiz-Hidalgo2, C. 
Tercero-Alcazar2, R. Guzman-Ruiz2, F.J.  Tinahones3, M.M.  Malagon2;
1Department of Cell Biology, Genetic and Physiology, UGC Endocri-
nology and Nutrition (HUVV), University of Malaga, IBIMA-Plata-
forma Bionand, Malaga, Spain, 2Department of Cell Biology, Physi-
ology, and Immunology, Reina Sofia University Hospital, University 
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of Cordoba, Maimonides Biomedical Research Institute of Córdoba 
(IMIBIC), CIBER Fisiopatologia de la Obesidad y Nutricion (CIBER-
OBN), Cordoba, Spain, 3UGC Endocrinology and Nutrition, Hospital 
Universitario Virgen de la Victoria, Universidad de Málaga, IBIMA-
Plataforma Bionand, CIBER Fisiopatologia de la Obesidad y Nutricion 
(CIBEROBN), Malaga, Spain.

Background and aims: Fibrosis is a hallmark of adipose tissue (AT) 
dysfunction closely associated with the onset of obesity and metabolic 
diseases. Early AT dysfunction diagnosis may be crucial for obesity co-
morbidities prevention and treatment, but there are no current therapeutic 
tools for this purpose. microRNAs (miRNAs), small non-coding RNAs 
that regulates gene expression, are secreted into the circulation and emerge 
as putative circulating biomarkers of tissue functional state. Notably, there 
are miRNAs that specifically regulate the synthesis of extracellular matrix 
(ECM) or matrisome. Moreover, AT has been proposed as a major source 
of circulating miRNAs. miRNAs regulating AT matrisome and their secre-
tion in pathological conditions for AT has not yet been analyzed. We aimed 
at identifying matrisome regulator miRNAs in obesity and prediabetes that 
can serve as non-invasive circulating biomarkers of AT fibrosis.
Materials and methods: A comparative proteomic study (LC-MS, 
diaPSEF) in subcutaneous AT of normoweight, overweight, obese and 
morbidly obese subjects subclassified in Normoglycemia (Glucose 
<100mg/dL; HbA1c <5.7%) or Prediabetes (Glucose = 100 - 125 mg/
dL; HbA1c = 5.7 - 6.4%) groups and IPA upstream regulator analysis 
were performed to identify putative miRNAs regulating the differen-
tially expressed (DE) ECM components. In vitro 3T3-L1 adipocyte 
2D models of obesity-related pathological conditions [inflammation 
(TNFα), insulin resistance (hyperglycaemia and hyperinsulinemia-
HGHI) and lipid overload] and In vitro 3D models of AT fibrosis based 
on collagen I (COLI) hydrogels alone (control) or mixed with other AT 
ECM components altered in insulin resistance and obesity (i.e. COLVI 
and/or Lumican) were performed. Candidate miRNA expression and 
secretion, and matrisome target genes were measured.
Results: miR-29b-3p, miR-30c-5p, miR-137-3p, miR-199a-5p, miR-335-3p 
and miR-338-3p were identified as putative regulators of the DE matrisome 
components according to the obesity degree and/or the glycemic status 
(B-H corrected p-value < 0.01). In vitro inflammation decreased intra-
cellular miR-29b-3p levels (p<0.05) and increased its secretion (p<0.01) 
in mature adipocytes. HGHI and palmitate overload models led to the 
opposite effect (p<0.05 for intracellular or p<0.01 for extracellular levels). 
Mmp2 and Mmp9 gene expression were negatively correlated with intracel-
lular miR-29b-3p levels (r=-0.444, p<0.01; r=-0.37, p<0.05, respectively) 
and positively correlated with extracellular miR-29b-3p levels (r=0.351, 
p<0.05; r=0.682, p<0.01, respectively). miR-29b-3p secretion was specifi-
cally decreased in COLVI-enriched 3D models (p<0.05).
Conclusion: Our results indicate that miR-29b-3p is a master regulator of the 
AT matrisome that might also serve as extracellular biomarker of AT fibrosis.
Supported by: PID2019-108403RB-I00; PI-0092-2017; PI-0235-
2021; DOC_00448 (PAIDI2020), CIBERobn, FEDER, UMA.
Disclosure: M. Clemente-Postigo: None.

615
Il-27 increases energy storage in white adipocytes by enhancing 
glucose uptake and fatty acid esterification
C. Scaffidi1,2, D.  Konrad1,3, S.  Wueest1;
1University Children’s Hospital, University of Zurich, Zurich, 
Switzerland, 2Life Science Zurich Graduate School, University of 
Zurich, Zurich, Switzerland, 3Zurich Center for Integrative Human 
Physiology, Zurich, Switzerland.

Background and aims: Interleukin-27 (IL-27) is a cytokine with 
pleiotropic effects. Recently, IL-27 was identified as a promising tar-
get for anti-obesity therapy since it increased thermogenesis in white 

adipocytes. However, it remains unknown whether IL-27-mediated 
energy dissipation in adipocytes is paralleled by elevated energy sup-
ply from lipids and/or carbohydrates. Herein, we hypothesized that 
IL-27 increases glucose uptake as well as lipolysis in white adipocytes 
thereby providing lipid and carbohydrate substrates for thermogenesis.
Materials and methods: Mature 3T3-L1 or subcutaneous white adi-
pocytes were treated with different concentrations of recombinant 
IL-27 (10 ng/ml, 100 ng/ml) or isoproterenol (1 μM) for 4 hours. 
Subsequently, basal and insulin-stimulated glucose uptake was deter-
mined using 14C-deoxyglucose, and free fatty acid (FFA) as well 
as triglyceride (TG) levels were measured in cell lysates and in the 
supernatant. Moreover, markers of lipolysis, glucose uptake and beta-
oxidation were assessed using Western blotting and qPCR.
Results: Treatment of 3T3-L1 adipocytes with IL-27 dose-dependently 
reduced intracellular and extracellular FFA concentration, whereas iso-
proterenol significantly increased it as expected (for intracellular FFA: 
600.4±50.5 nM/mg*h (control) vs. 441.3±40.03 nM/mg*h (10 ng/ml) 
vs. 382.0±42.5 nM/mg*h (100 ng/ml) vs. 1507.0±209.8 nM/mg*h (iso-
proterenol); p<0.05 (Co vs. 10 ng/ml and Co vs. isoproterenol); p<0.01 
(control vs. 100 ng/ml), ANOVA). Moreover, isoproterenol signifi-
cantly increased phosphorylation of hormone-sensitive lipase (HSL), 
while IL-27 had no effect. Similar results were obtained in subcutane-
ous white adipocytes, showing that IL-27 increases FFA disappearance 
in white adipocytes originating from different anatomical locations. 
Preliminary data indicates that IL-27 increases intracellular TG content 
and reduces expression of enzymes involved in beta-oxidation, suggest-
ing that increased esterification rather than oxidation contributes to 
reduced FFA concentrations. Moreover, IL-27 significantly increased 
basal but not insulin-stimulated glucose uptake (for basal: 0.11±0.03 
pmol/mg*min (control) vs. 0.20±0.04 pmol/mg*min (10 ng/ml) vs. 
0.21±0.4 pmol/mg*min (100ng/ml); p<0.01 (control vs. 10 ng/ml and 
control vs. 100 ng/ml), ANOVA). In line, IL-27 treatment significantly 
enhanced protein levels of GLUT1.
Conclusion: IL-27 increases basal glucose uptake and FFA esterifica-
tion in white adipocytes, resulting in elevated TG deposition. Hence, 
IL-27 may prevent ectopic fat accumulation by increasing energy 
storage in white adipocytes.
Disclosure: C. Scaffidi: None.

616
Characterisation of the catecholamine transporter OCT3 in 
human adipose tissue: implications for age-induced reduction of 
subcutaneous adipose tissue lipolysis
F. Ahmed, M. Vranic, S. Hetty, V. Patsoukaki, G. Fanni, M.J. Pereira, 
J.W. Eriksson;
Medical Science, Uppsala University, Uppsala, Sweden.

Background and aims: Adipose tissue lipolysis, the breakdown 
of triglycerides into free fatty acids and glycerol, is stimulated by 
catecholamines such as noradrenaline and adrenaline. Catechola-
mine-stimulated lipolysis is reduced with aging, which may promote 
adiposity and insulin resistance. Furthermore, sex differences in cat-
echolamine-stimulated lipolysis have been reported, but are not com-
pletely understood. Organic cation transporter 3 (OCT3) is a protein 
that mediates catecholamine transport into adipocytes, where they 
can then be degraded, thus decreasing lipolysis stimulation. Interest-
ingly, estrogen, which declines in women after menopause, is a potent 
inhibitor of OCT3-mediated catecholamine transport. In this study, 
we investigate the role of OCT3 in adipocyte lipid metabolism, and 
its role in age-related reduction of adipose tissue lipolysis. We also 
addressed whether estrogen regulates OCT3 expression.
Materials and methods: Subcutaneous adipose tissue (SAT) was 
obtained by needle biopsies from 59 subjects with or without T2D (29 
control/30 T2D, 35F/24M, age: 31-72 years, BMI: 22.4-40.1 kg/m2). 
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OCT3 gene and protein levels were measured in SAT and correlated 
with markers of obesity and lipid metabolism. The association between 
OCT3 single nucleotide polymporphisms (SNPs) and obesity and 
diabetes-associated traits were assessed using Open Target Genetics. 
Lastly, SAT was incubated with estradiol (E2), in order to assess the 
role of estrogen on OCT3 levels. Adipocyte lipolysis rate was assessed 
w/wo isoprenaline stimulation.
Results: OCT3 gene and protein levels in SAT were increased with 
aging in women but not men (p<0.05). Moreover, OCT3 gene and pro-
tein levels in SAT from premenopausal women was approximately 30% 
lower than in postmenopausal women (p<0.05). Independent of sex, 
OCT3 gene and protein levels were lower in SAT in subjects with obe-
sity (BMI>30) compared to non-obese subjects (p<0.05), however, did 
not differ between subjects with and without T2D. OCT3 expression in 
SAT from women, but not men was negatively associated with markers 
of circulating lipids (e.g. AUC FFA during an OGTT, p<0.05), mark-
ers of insulin resistance (e.g. HOMA-IR, p<0.05), gene markers of 
lipolysis stimulation (e.g. ATGL), and, as expected, with ex vivo basal 
and stimulated lipolysis (p<0.05). SNPs in OCT3 were associated with 
BMI, waist-hip-ratio, and circulating lipids (e.g. triglycerides). OCT3 
expression was strongly correlated with estrogen receptor expression 
(ESR1 and ESR2) in SAT from women but not men. E2 treatment of 
SAT from women resulted in a dose-dependent reduction (up to 30%) 
in OCT3 expression (p<0.05).
Conclusion: In women, but not men, OCT3 gene and protein lev-
els in SAT are increased with aging, and OCT3 gene expression is 
negatively associated with circulating lipids. E2 treatment of SAT 
downregulates OCT3 expression, which may, in part, explain lower 
OCT3 levels in premenopausal compared to postmenopausal women. 
This indicates that high OCT3 levels, and a possible increase in cat-
echolamine degradation, may account for the reduction in adipose 
tissue lipolysis observed with aging. These results provide insight 
into a potential molecular target for preventing adverse age-related 
changes in adipose tissue lipid metabolism.
Supported by: Swedish Diabetes Foundation, EXODIAB, the Ernfors 
Foundation, the Swedish Society for Medical Research, Novo Nordisk 
Foundation, AstraZeneca R&D
Disclosure: F. Ahmed: None.
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The impact of epigenetic editing within the Sarcospan promoter 
on adipogenesis
K.A. Dinter1, L. Müller1, P.  Kovacs1, M.  Keller2;
1Medical Department III - Endocrinology, Nephrology, Rheumatol-
ogy, University of Leipzig Medical Center, 04103, Leipzig, Germany, 
2Helmholtz Institute for Metabolic, Obesity and Vascular Research 
(HI-MAG) of the Helmholtz Center Munich at the University of Leip-
zig and University Hospital Leipzig, 04103, Leipzig, Germany.

Background and aims: Genetic variants in the Sarcospan (SSPN) gene 
locus are known to be associated with human fat distribution, most 
likely by affecting adipogenesis. Previously, SSPN promoter methyla-
tion levels were shown to correlate with body mass index, waist-to-hip-
ratio, parameters of glucose homeostasis like fasting plasma insulin or 
fasting plasma glucose as well as maximal adipocyte size. Being part 
of the dystrophin-glycoprotein-complex, SSPN is a transmembrane pro-
tein, contributing to the cellular architecture by linking the cytoskeleton 
to the extracellular matrix and thereby may influence cell differentia-
tion. With this work, we aim at clarifying the role of SSPN promoter 
methylation in the regulation of gene expression and in the adipocyte 
metabolism in vitro by using a CRISPR/dCas9-based strategy.
Materials and methods: We used immortalized murine epididy-
mal preadipocytes and transfected them with fluorescence-marked 
plasmids coding for the methylation enzyme DNMT3a (LLP252 

pEF1a-NLS-scFvGCN4-DNMT3a), the dCas9-Suntag construct 
(LLP457 pGK-dCas9-Suntag-BFP) and a vector (LLP469 pEF1a-
mCherry-EMPTY-gRNA) carrying two guide RNAs in close prox-
imity (0-73bp upstream) to the transcription start site by electropo-
ration. Subsequently, cells were FACS sorted and triple positive 
cells were expanded prior to differentiation to mature adipocytes 
following a standard protocol. We performed methylation analysis 
employing pyrosequencing, mRNA expression analysis by use of 
RT-PCR and will prospectively measure lipid accumulation using 
AdipoRed staining. All experiments were performed in cells trans-
fected with dCas9-SunTag, DNMT3A and two gRNAs, in cells 
transfected with dCas9-SunTag and DNMT3A without guides, in 
electroporated cells without any plasmids as well as in untreated 
cells.
Results: Our data indicate a significant increase in DNA promoter 
methylation in the dCas9-SunTag-DNMT3A-gRNA-transfected 
preadipocytes compared to the corresponding control without 
guide RNAs during adipocyte differentiation (d0-d8) (p<10-4). This 
included methylation changes up to ~36% at specific CpG positions. 
Albeit subject to further validation, in line with this, we observed a 
trend towards SSPN mRNA expression reduction (13-20%) in those 
cells over differentiation.
Conclusion: Our results suggest an inhibition of SSPN transcription 
induced by in vitro hypermethylation. The exact effects on adipogen-
esis are being addressed in currently ongoing experiments.
Disclosure: K.A. Dinter: None.
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Expression of selected microRNAs in adipose tissue-derived mes-
enchymal stem cells and metabolic syndrome
G. Wystrychowski1, K. Simka-Lampa2, A.  Witkowska3, E.  Sobecko2, 
A. Skubis-Sikora4, B.  Sikora4, E.  Wojtyna5, A.  Golda6, K.  Gwizdek7, 
M. Wróbel8, T.  Francuz2, C. Kruszniewska-Rajs9, J.  Gola9;
1Department of Internal Medicine, Diabetology and Nephrology, Medi-
cal University of Silesia, Katowice, Poland, 2Department of Biochem-
istry, Medical University of Silesia, Katowice, Poland, 3Department 
of Nephrology, Central Hospital, Karlstad, Sweden, 4Department of 
Histology and Embryology, Medical University of Silesia, Katowice, 
Poland, 5Institute of Psychology, University of Silesia, Katowice, 
Poland, 6Alfamed General Practice, Katowice, Poland, 7Department 
of Physical Rehabilitation, Medical University of Silesia, Katowice, 
Poland, 8Department of Internal Medicine, Diabetology and Cardio-
metabolic Diseases, Medical University of Silesia, Katowice, Poland, 
9Department of Molecular Biology, Medical University of Silesia, 
Katowice, Poland.

Background and aims: Adipose tissue mesenchymal stem cells (AdMSC) 
secrete microRNAs (miR). Although miR are involved in pathogenesis of 
metabolic syndrome, the role of those secreted by AdMSC remains elusive. 
We aimed to assess expression of selected miR by AdMSC in relation to 
basic metabolism parameters in non-diabetic adults.
Materials and methods: For this preliminary study 10 obese, 8 
overweight and 5 normal weight subjects with no inflammatory or 
cancerous disease were enrolled. The study group included 19 female 
and 4 male subjects. Six participants were prediabetic. AdMSC were 
harvested from abdominal subcutaneous fat and cultured in standard 
conditions. Expressions of four miR reported in metabolic distur-
bances were estimated with RT-PCR, related to SNORD6 control, 
and computed as  2-ΔCt values. Total and visceral fat were assessed 
with bioimpedance analysis.
Results: Expression of miR-21, miR-122, or miR-192 did not correlate 
with any of the studied clinical parameters (age, BMI, total and visceral 
fat, HOMA-IR, fasting serum glucose, HbA1c, serum lipids, eGFR, 
and serum CRP). On the other hand, expression of miR-155  [2-ΔCt] 
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was lowest in obese subjects (3.69±2.67 vs. 7.07±4.42 in overweight 
and 10.25±7.05 ×10-3 in normal weight ones, P =0.04, Kruskal-Wallis 
ANOVA). It correlated inversely with BMI, total fat mass, visceral 
adiposity, and serum CRP, whereas positively (marginally significantly) 
with serum HDL-cholesterol (Spearman rank correlations, table 1).
Conclusion: Expression of miR-155 in AdMSC appears blunted in 
visceral obesity, which correlates with HDL-dyslipidemia and micro-
inflammation. This calls for further study of AdMSC miR secretome 
in the pathogenesis of metabolic syndrome with focus on miR-155.

Supported by: Medical University of Silesia research funds
Disclosure: G. Wystrychowski: None.
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Human pancreatic adipocyte spheroids as model to study the role 
of pancreatic fat in type 2 diabetes
E. Lorza-Gil1,2, E.  Ziegler2, O.  Strauss2, S.  Singer3, S.  Nadalin4, A.L. 
 Birkenfeld1,2, F.  Gerst1,2;
1German Center for Diabetes Research (DZD e.V.) and Institute for 
Diabetes Research and Metabolic Diseases of the Helmholtz Center 
Munich at University of Tübingen, Tübingen, Germany, 2Division 
of Endocrinology, Diabetology and Nephrology, University Hospi-
tal Tübingen, Tübingen, Germany, 3Department of Pathology and 
Neuropathology, University Hospital Tübingen, Tübingen, Germany, 
4Department of General, Visceral and Transplant Surgery; University 
Hospital Tübingen, Tübingen, Germany.

Background and aims: Accumulation of adipocytes in the pancreatic 
parenchyma is associated with impaired insulin secretion in individu-
als with increased genetic risk of type 2 Diabetes (T2D). However, 

how genetic predisposition for T2D impacts on pancreatic adipocyte 
biology, and consequently influences islet function, remains largely 
unexplored. Since current in vitro 2D models of pancreatic adipocytes 
do not recapitulate adipogenesis and function of in situ adipocytes, 
translational approaches are consequently hampered. Therefore, we 
generated pancreatic adipocyte spheroids, an in vitro 3D model that 
mimics the specific features of in situ pancreatic adipocytes and 
allows us to unravel the impact of metabolic environment on pancre-
atic adipocyte function
Materials and methods: Human preadipocytes and mature adipocytes 
were isolated from pancreatic fat biopsies from metabolically charac-
terized patients, i.e. non-diabetic (ND; n=5) and type 2 diabetic (T2D; 
n=2). Pancreatic preadipocytes were differentiated in vitro for 19 days 
using conventional 2D monolayer or 3D spheroid culture. Adipogenic 
gene expression and lipolysis were assessed in both models.
Results: At differentiation day 19, the mRNA levels of adipogenic 
markers such as PPARG and ADIPOQ were upregulated in the pan-
creatic adipocytes isolated from ND and T2D donors, independently 
of the culture method. However, PPARG and ADIPOQ mRNAs were 
significantly higher in the adipocyte spheroids in comparison to the 
monolayer-cultured adipocytes (12-fold for PPARG and 50-fold for 
ADIPOQ), reaching levels similar to those detected in the mature 
adipocytes freshly isolated from the pancreatic biopsies. In accord-
ance with the more efficient differentiation, the adipocyte spheroids 
consisted of cells rich in multilocular lipid droplets, as indicated by 
their positive staining with oil red and perilipin antibody. Further-
more, insulin (10 nM) significantly reduced (0.15-fold over control) 
fatty acid release of adipocyte spheroids from ND donors, while the 
anti-lipolytic effect of insulin was blunted in spheroids from T2D 
donors (1.6-fold over control). Stimulation of lipolysis with the beta-
adrenergic agonist isoproterenol (1 μM) and with forskolin (5 μM) 
increased fatty acid release of adipocyte spheroids from ND donors 
by 7- and 18-fold respectively, while in adipocyte spheroids from 
T2D donors, lipolysis was increased by 31- and 55-fold, respectively. 
Human pancreatic adipocytes differentiated in monolayer showed a 
low and heterogenous lipolytic response.
Conclusion: Pancreatic adipocyte spheroids exhibit long-term viability 
and closely resemble the in situ mature pancreatic adipocytes, repre-
senting an optimal tool to study the role of pancreatic fat for islet dys-/
function and T2D. The higher lipolytic activity of pancreatic adipo-
cytes from T2D donors may explain the detrimental effect of pancreatic 
fat accumulation on insulin secretion in type 2 diabetes patients.
Supported by: BMBF 01GI0925
Disclosure: E. Lorza-Gil: None.
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Effect of tirzepatide in GADA-positive individuals with type 2 
diabetes: a post hoc analysis of the SURPASS 2-5 trials
R. Buzzetti1, A.L.  Peters2, C.J.  Lee3, I.  Pavo3, M.  Liu4, J.S.  Paik3;
1Sapienza University of Rome, Rome, Italy, 2Keck School of Medi-
cine of the University of Southern California, Los Angeles, CA, USA, 
3Eli Lilly and Company, Indianapolis, IN, USA, 4Tigermed-BDM 
Inc., Somerset, NJ, USA.

Background and aims: Tirzepatide, a once weekly GIP and GLP-1 
receptor agonist, is approved for the treatment of type 2 diabetes 
(T2D). People with T2D and positivity for glutamic acid decarboxy-
lase autoantibodies (GADA), also referred to as having latent auto-
immune diabetes in adults, may often remain undiagnosed, can be 
miss-classified as T2D, and treated accordingly, while progressing 
more rapidly to insulin therapy compared to T2D. The proper treat-
ment of this type of autoimmune diabetes prior to insulin use is not 
fully elucidated. This post hoc analysis evaluated the effect of tirze-
patide on haemoglobin A1c (HbA1c) in people with T2D who were 
GADA-positive versus GADA-negative from the Phase 3 SURPASS 
clinical trial programme.
Materials and methods: Tirzepatide-treated patients from SUR-
PASS 2-5 studies were included in this analysis. Patients who had 
GADA concentration ≥5 IU/mL were categorised as GADA-positive 
(ELISA, RSR Ltd., Cardiff, UK). Change from baseline in HbA1c 
at 40/42 weeks was assessed in GADA-positive vs GADA-negative 
patients using mixed model repeated measures from the efficacy 
analysis set, adjusting for baseline covariates including study, sex, 
HbA1c, and body mass index (BMI). All randomised patients who 
took at least one dose of study drug, excluding patients who discon-
tinued study drug due to inadvertent enrollment and excluding data 
after initiation of rescue medication or premature discontinuation 
of study drug, were included in this analysis.
Results: Of the 3827 tirzepatide-treated patients who were tested 
for GADA, 3671 (95.9%) were GADA-negative, 120 (3.2%) were 
GADA-positive, and 36 (0.9%) were “no GADA status”. Baseline 
parameters were similar between the groups, except for baseline 
BMI and serum triglyceride concentration which were slightly lower 
in GADA-positive patients compared to GADA-negative patients 
(mean baseline BMI [SD] 32.2 [6.1] vs 33.6 [6.3] kg/m2, mean tri-
glycerides 169.2 [101.3] vs 188.1 [131.4] mg/dL or 1.9 [1.14] vs 2.1 
[1.48] mmol/L). At 40/42 weeks, both groups achieved significant 
reductions in HbA1c (-23.1 vs -25.4 mmol/mol or -2.1% vs -2.3%; 
p<0.001 for both groups) and body weight (-9.2 kg vs -9.6 kg; 
p<0.001 for both groups), for GADA-positive vs. GADA-negative 
patients, respectively. Reductions in HbA1c were slightly greater 
in GADA-negative patients (estimated treatment differences [95% 
confidence interval]: 0.21% [0.03, 0.39] or 2.3 mmol/mol [0.3, 4.3]; 
p=0.024), whereas reductions in body weight did not significantly 
differ between groups (0.38 kg [-0.99, 1.75]; p=0.588).

Conclusion: These data demonstrate that tirzepatide was effective 
in reducing HbA1c and body weight, irrespective of GADA status 
in adults with T2D, thus suggesting that tirzepatide may be effective 
to improve glycaemic control in GADA-positive individuals. Future 
studies are needed help elucidate the long-term impact of tirzepatide 
use of GADA positivity on the progression of diabetes.
Supported by: Funded by Eli Lilly and Company
Disclosure: R. Buzzetti: None.

621
Efficacy of tirzepatide in people with young-onset type 2 diabetes 
in the SURPASS programme
M.J. Davies1, Z.  Philip2, R.J.  Galindo3, B.K.  Bergman4, V.T.  Thieu4, 
C.  Nicolay4, S.  Allen4, C.J.  Lee4;
1University of Leicester, Leicester, UK, 2University of Colorado Ans-
chutz Medical Campus, Children’s Hospital Colorado, Aurora, CO, 
USA, 3University of Miami Miller School of Medicine, Miami, FL, 
USA, 4Eli Lilly and Company, Indianapolis, IN, USA.

Background and aims: Young-onset type 2 diabetes (T2D), defined 
as diagnosed before age 40, presents with a more aggressive disease 
course, faster beta-cell deterioration and reduced response to treatment 
compared to later-onset T2D. Tirzepatide is a once weekly GIP and 
GLP-1 receptor agonist recently approved for the treatment of T2D. 
Despite younger baseline age, participants with young-onset T2D in 
the SURPASS programme had an overall worse health status (e.g., 
longer duration of diabetes, worse glycaemic control, higher mean body 
weight and BMI, and a more atherosclerogenic lipid profile) compared 
to those with later-onset T2D. Here, we assessed the effect of tirzepa-
tide on glycaemic control, body weight and cardiometabolic markers 
in participants with young-onset T2D from the SURPASS programme.
Materials and methods: This post hoc analysis compared changes in 
mean HbA1c, body weight, and cardiometabolic markers including 
waist circumference (WC), lipids, and blood pressure in participants 
with young-onset (N=873, 20.5%) vs later-onset T2D (N=3394, 79.5%) 
at Week 40 (SURPASS-1, -2, -5) or Week 52 (SURPASS-3). Analyses 
were done by study, based on data from participants while on assigned 
treatment without rescue medication (efficacy estimand). Mixed-model 
repeated measures (MMRM) were applied, adjusted for baseline values 
and study stratification factors, and the interaction between treatment and 
subgroup.
Results: No differential treatment effect was observed for participants 
with young- vs later-onset T2D. Tirzepatide treatment led to similar 
improvements in HbA1c and body weight in both subgroups at Week 
40/52 for all tirzepatide doses (Figure). Furthermore, tirzepatide (all 
doses) improved waist circumference, lipids (triglycerides and HDL) 
and systolic blood pressure similarly between subgroups.
Conclusion: Tirzepatide treatment led to similar improvements in 
HbA1c, body weight and cardiometabolic markers, irrespective of age 
at T2D diagnosis. Future studies are warranted to evaluate whether 
an early intervention in young-onset T2D may provide opportunities 
to improve long-term outcomes.
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Effect of tirzepatide on the counter-regulatory response to hypo-
glycaemia during a hypoglycaemic clamp in people with type 2 
diabetes
T. Pieber1, E.  Svehlikova1, S.  Urva2, A.  Haupt2, C.  Zhou2, T. 
 Coskun2, Z.  Milicevic2, E.J.  Pratt2;
1Div. for Endocrinology & Diabetology, Medical University Graz, 
Graz, Austria, 2Eli Lilly and Company, Indianapolis, IN, USA.

Background and aims: We explored the effects of tirzepatide on 
counter-regulatory response during a hypoglycaemic clamp.
Materials and methods: Patients with type 2 diabetes (N=42) were 
randomised to tirzepatide (15 mg) or placebo for 12 wk, in a crossover 
design, with a wash-out period of 8 to 12 wk. The primary objective 
was the change in glucagon during clamp-induced hypoglycaemia from 
plasma glucose (PG) 5.5 mmol/L or 100 mg/dL to nadir PG (2.5 mmol/L 
or 45 mg/dL). Secondary measures were changes in other counter-reg-
ulatory hormones, insulin, and C-peptide during clamp-induced hypo-
glycaemia and PG recovery from nadir PG to 4 mmol/L or 72 mg/dL. 
Time to recovery and hypoglycaemia symptom scores were assessed.
Results: At 12 wk, HbA1c change from baseline was -16.4 mmol/
mol or -1.5% with tirzepatide vs +5.8 mmol/mol or +0.5% with 
placebo. Increases in glucagon from PG 5.5 mmol/L to nadir PG 
and during recovery did not differ between treatments (p=0.756 and 
p=0.565, respectively) (Table). Growth hormone and adrenaline 

responses did not differ between treatments, while increases in corti-
sol and noradrenaline responses were delayed with tirzepatide, which 
explains a lower hypoglycaemia symptom score with tirzepatide vs 
placebo at nadir (p=0.007). The proportion of patients aware of hypo-
glycaemia did not differ between treatments. Mean time to recovery 
from hypoglycaemia was 47 min with tirzepatide and 43 min with 
placebo (p=0.002); however, nadir PG was lower with tirzepatide (44 
vs 47 mg/dL; p=0.015). Furthermore, tirzepatide vs placebo signifi-
cantly decreased insulin when PG changed from 5.5 mmol/L to nadir 
PG with (-1228.1 vs -1053.3 pmol/L; LSM treatment difference [95% 
confidence interval] -174.8 pmol/L [-290.3, -59.2], p=0.004) and sig-
nificantly decreased C-peptide when PG changed from 5.5 mmol/L to 
nadir PG (-666.0 vs -177.7 pmol/L; -488.3 pmol/L [-621.3, -355.4], 
p<0.001) and to recovery (-691.0 vs -180.1 pmol/L; -510.9 pmol/L 
[-654.0, -367.8], p<0.001).
Conclusion: The response of glucagon to hypoglycaemia is main-
tained with tirzepatide.

Clinical Trial Registration Number: NCT04050553
Supported by: Funded by Eli Lilly and Company
Disclosure: T. Pieber: Employment/Consultancy; Adocia, Arecor, 
AstraZeneca, Eli Lilly and Company, Novo Nordisk, Sanofi, and 
The Longevity Lab. Grants; Zealand Pharma A/S, AstraZeneca, 
Novo Nordisk, and Sanofi.
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Tirzepatide improves amino acid profile in people with long-
standing diabetes and increased cardiovascular risk in the SUR-
PASS-4 trial
V. Pirro, Y. Lin, J.A. Willency, A. Abadi, R.J. Wiese, K.L. Duf-
fin, I. Pavo;
Eli Lilly and Company, Indianapolis, IN, USA.

Background and aims: Elevated insulin resistance (IR) in type 2 
diabetes (T2D) is associated with increased cardiovascular (CV) risk. 
Tirzepatide (TZP) reduced IR in phase 2 and 3 trials in participants 
with T2D. 26-week TZP treatment was also associated with improve-
ment of a metabolic signature of obesity and IR characterized by 
changes in circulating branched-chain amino acids (BCAAs). The 
SURPASS-4 trial evaluated the effect of TZP in patients with long-term 
T2D and high CV risk. When compared to insulin glargine (iGlar), 
TZP achieved better glycemic control and weight reduction. Here we 
analyze the effects of TZP on circulating AAs in the clinically relevant 
population of SURPASS-4.
Materials and methods: Adults with T2D with inadequate glycemic 
control on oral anti-diabetics were randomized to TZP (5 mg, 10 mg 
or 15 mg) or iGlar for greater than 1 year. Plasma samples collected 
at baseline, 24 and 52 weeks were analyzed from all participants 
randomized to 10 mg (n=272) and 15 mg (n=269) TZP as well as 
randomly selected participants on iGlar (n=497) (excluding data 
after drug discontinuation or rescue drug initiation). The AAs from 
participants were quantified using liquid chromatography-tandem 
mass spectrometry. Homeostatic Model Assessment for Insulin 
Resistance (HOMA-IR) was calculated based on fasting C-peptide 
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and glucose values. A mixed-model repeated measure statistical 
approach was employed.
Results: Baseline AA levels did not differ across treatment groups. At 52 
weeks, TZP 15 mg significantly altered 16 of 19 AA concentrations meas-
ured compared to baseline (adjusted p<0.05); alanine, methionine, and 
citrulline were not altered significantly. Changes of AAs were less marked 
in the iGlar group. All changes with TZP 15 mg were significantly larger 
when compared to iGlar, except for isoleucine (Ile). The AA cluster com-
posed of aspartate (Asp), glutamate (Glu), Ile, leucine (Leu), and valine 
(Val) were decreased from baseline, with Glu having the largest decrease 
−20.4 %, adjusted p<0.0001. Percent changes from baseline (PCBLs) 
correlated with PCBLs of HOMA-IR (Spearman Correlation coefficients 
Rho of 0.19, 0.32, 0.30, 0.22, 0.27 for Asp, Glu, Ile, Leu, and Val respec-
tively; p<0.005). Glycine (largest PCBL of 13.5 %, adjusted p<0.0001), 
glutamine, and serine were increased from baseline and inversely corre-
lated with HOMA-IR (Rho of −0.19, −0.16, −0.15; p<0.05). The results 
observed for TZP 10 mg were consistent with TZP 15 mg.
Conclusion: Increased BCAAs, decreased glycine and glutamine-
glutamate ratio emerged as a robust marker associated with obesity-
related IR in observational studies. An inverse modulation of this 
cluster was observed for TZP 15 mg, when compared with baseline 
and iGlar, coherent with an insulin sensitizing effect of TZP, extend-
ing the findings of a phase 2 trial. This post-hoc analysis shows that 
circulating AA modulation is sustained over 1 year of treatment in 
people with long-standing diabetes and elevated CV risk.

Clinical Trial Registration Number: NCT03730662
Supported by: Funded by Eli Lilly and Company
Disclosure: V. Pirro: Employment/Consultancy; Eli Lilly and 
Company. Stock/Shareholding; Eli Lilly and Company.
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Tirzepatide improves health-related quality of life vs insulin lis-
pro in poorly controlled basal insulin-treated adults with type 2 
diabetes (SURPASS-6)
K. Boye1, H.  Sapin1, J.-L.  Poon1, L. Fernandez  Lando1, R.  Huh1, M. 
 Wang2, H.  Patel1;
1Eli Lilly & Company, Indianapolis, IN, USA, 2Syneos Health, Mor-
risville, NC, USA.

Background and aims: Tirzepatide, a first-in-class glucose-depend-
ent insulinotropic polypeptide/glucagon-like peptide-1 receptor ago-
nist, resulted in significant improvements in  HbA1c and body weight 

compared to insulin lispro (iLispro) at 52 weeks in the SURPASS-6 
study. We compared the health-related quality of life (HRQoL) of 
participants with type 2 diabetes (T2D) treated with tirzepatide (all 
doses pooled) vs iLispro, both added to basal insulin, in SURPASS-6.
Materials and methods: Adults with T2D and inadequate glycaemic 
control were randomised (1:1:1:3) to tirzepatide 5, 10 or 15 mg once 
weekly, or iLispro three times daily, as add-on to optimised insulin 
glargine, with or without metformin, for 52 weeks in this open-label, 
multicentre, Phase 3b study. HRQoL was measured at baseline and 
endpoint (Week 52) using the 36-item Short Form Health Survey 
(SF-36v2) comprising 8 domains and 2 component summary scores.
Results: Overall, 1428 participants with mean baseline age 59 years, 
T2D duration 14 years,  HbA1c 73 mmol/mol (8.8%) and BMI 33.1 kg/
m2 were randomised. At endpoint, tirzepatide-treated participants had 
statistically significantly improved scores across all SF-36v2 domains 
and component summaries compared with iLispro-treated partici-
pants, with the largest differences observed in the General Health 
(least squares mean [standard error] change 3.0 [0.31] vs -0.1 [0.32]) 
and Vitality (1.5 [0.31] vs -1.1 [0.32]) domains (Table).
Conclusion: Tirzepatide treatment resulted in greater improvements 
across multiple domains of HRQoL than iLispro in adults with long-
standing T2D already receiving basal insulin.

Disclosure: K. Boye: None.

625
Baseline HOMA2-B can predict tirzepatide efficacy: post hoc 
analysis of the SURPASS-1 and SURPASS-2 studies
J. Peleshok1, S.H.  Hsia2, C.  Mathieu3, M.K.  Thomas1, H.  Wang4;
1Eli Lilly and Company, Indianapolis, IN, USA, 2Velocity Clinical 
Research, Indianapolis, IN, USA, 3Katholieke Universiteit Leuven, Leu-
ven, Belgium, 4TechData Service Company, King of Prussia, PA, USA.

Background and aims: Tirzepatide (TZP) is a first-in-class once 
weekly glucose-dependent insulinotropic polypeptide (GIP) and 
glucagon-like peptide-1 (GLP-1) receptor agonist that is approved 
for treatment of people with type 2 diabetes (T2D) and under inves-
tigation for chronic weight management. In the SURPASS-1 (S-1) 
(monotherapy) and SURPASS-2 (S-2) (on metformin) Phase 3 trials, 
TZP substantially reduced HbA1c and body weight (BW) in people 
with T2D.
Materials and methods: Exploratory post hoc analyses examined the 
predictive value of HOMA2-IR (C-peptide) and HOMA2-B (C-pep-
tide) by quartiles low (lower beta-cell function or insulin resistance) 
[Q1] to high [Q4] for achieving HbA1c (<39 mmol/mol, ≤48 mmol/
mol) (<5.7%, ≤6.5%) and BW reduction (≥10%, ≥15%) targets for 
those adherent to TZP treatment at Week 40. Odds ratios (OR) were 
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calculated from logistic regression models using the overall mean as 
the reference.
Results: The results showed that TZP was equally likely to achieve 
BW and HbA1c targets in S-1 and S-2 regardless of baseline 
HOMA2-B and -IR quartiles, with the exception of S-2 where sub-
jects with Q1 HOMA2-B (lowest beta-cell function) were signifi-
cantly less likely and those with Q4 HOMA2-B (highest beta-cell 
function) were significantly more likely to reach HbA1c ≤48 mmol/
mol (≤6.5%) (Figure).
Conclusion: Baseline HOMA2-B, but not HOMA2-IR, may predict 
the likelihood of subjects achieving the HbA1c target ≤48 mmol/mol 
(≤6.5%) for patients enrolled in S-2 not controlled with metformin 
alone.

Supported by: Eli Lilly and Company
Disclosure: J. Peleshok: Employment/Consultancy; Eli Lilly and 
Company. Stock/Shareholding; Eli Lilly and Company.

626
Tirzepatide vs basal insulins in people with type 2 diabetes and 
different baseline glycaemic patterns: post-hoc analyses of the 
SURPASS-3 and -4 trials
F. Giorgino1, D.R.  Franco2, C.  Nicolay3, A.  Hemmingway3, Á. 
Rodríguez3, R.J.  Wiese3;
1University of Bari Aldo Moro, Bari, Italy, 2CPCLIN/DASA Clinical 
Research Center, Sao Paulo, Brazil, 3Eli Lilly and Company, 
Indianapolis, IN, USA.

Background and aims: While basal insulins act primarily by reduc-
ing fasting serum glucose (FSG), the once-weekly GIP/GLP-1 recep-
tor agonist tirzepatide targets both FSG and postprandial glucose 
(PPG). This post-hoc analysis assessed the efficacy of tirzepatide vs 
insulin degludec (SURPASS-3) and glargine (SURPASS-4) in people 
with T2D and different baseline glycaemic patterns.
Materials and methods: We assessed change from baseline to Week 
52 in HbA1c, FSG, and PPG across subgroup categories in partici-
pants on assigned treatment without rescue medication (efficacy esti-
mand) using mixed-model repeated measures. Four subgroups were 
defined by different combinations of FSG and PPG (low FSG/low 
PPG, low FSG/high PPG, high FSG/low PPG, high FSG/high PPG). 
Low and high FSG and PPG were split based on median values of 
these parameters in SURPASS-3 (9 and 10.4 mmol/L [162 and 187 
mg/dL]) and -4 (9.1 and 10.9 mmol/L [164 and 197 mg/dL]).
Results: At baseline, total mean FSG was 7.33-11.67 mmol/L and 
7.26-11.94 mmol/L; and total mean PPG was 8.78-12.84 mmol/L and 
9.08-13.54 mmol/L across subgroups in SURPASS-3 and SURPASS-4, 
respectively. At baseline, total mean  HbA1c across subgroups was 7.6-
8.8% (59.3-73.1 mmol/mol) in SURPASS-3 and 8.0-9.1% (64.3-75.4 
mmol/mol) in SURPASS-4, respectively. While reductions in FSG 

were generally similar between tirzepatide and the basal insulins in 
both studies, decreases in PPG were greater with tirzepatide in all sub-
groups. This resulted in greater  HbA1c reductions with tirzepatide vs 
basal insulin in all subgroups. The extent of reduction in FSG, PPG, 
and  HbA1c in each subgroup was related to baseline values of these 
parameters.
Conclusion: These data support previous observations of superior 
glycaemic control with TZP compared with basal insulin, irrespective 
of baseline FSG and PPG levels.
Clinical Trial Registration Number: NCT03882970, NCT03730662
Supported by: Eli Lilly and Company
Disclosure: F. Giorgino: Employment/Consultancy; Abbott, Astra-
Zeneca, Boehringer Ingelheim, Eli Lilly, Merck Sharp & Dohme, 
Novo Nordisk, Roche Diabetes Care, and Sanofi. Grants; Eli Lilly, 
Lifescan, and Roche Diabetes Care. Lecture/other fees; AstraZeneca 
and Eli Lilly.

627
Early reduction in fasting serum glucose during treatment with 
once-weekly tirzepatide predicts response to therapy in people 
with type 2 diabetes (SURPASS 1-4)
E. Razzoli1, F.  Giorgino2, I.  Lingvay3, V.T.  Thieu1, M.  Liu4, J.A. 
 Levine1;
1Eli Lilly and Company, Indianapolis, IN, USA, 2Department of 
Precision and Regenerative Medicine and Ionian Area, Section of 
Internal Medicine, Endocrinology, Andrology and Metabolic Dis-
eases, University of Bari Aldo Moro, Bari, Italy, 3Department of 
Internal Medicine/Endocrinology and Department of Population and 
Data Sciences, University of Texas Southwestern Medical Center, 
Dallas, TX, USA, 4Tigermed-BDM Inc., Somerset, NJ, USA.

Background and aims: Tirzepatide is a first-in-class once weekly 
glucose-dependent insulinotropic polypeptide (GIP) and glucagon-like 
peptide-1 (GLP-1) receptor agonist that is approved for treatment of 
people with T2D and under investigation for chronic weight manage-
ment. Tirzepatide provided greater glucose and body weight reductions 
compared with placebo and active comparators in the phase 3 SUR-
PASS studies. The aim of this post-hoc analysis was to assess whether 
the magnitude of fasting serum glucose (FSG) reduction observed with 
tirzepatide at Week 4 (<20% or ≥20%) would be associated with differ-
ent clinical response in terms of HbA1c and weight changes at Week 
40 across the SURPASS 1-4 trials.
Materials and methods: Pooled participants from the SURPASS 1 to 
4 studies treated with tirzepatide (5, 10, 15 mg) were categorized into 
two groups of FSG reduction from baseline at Week 4 ≥20% or <20%. 
SURPASS-5 was not included as it used basal insulin which affects 
FSG. HbA1c and weight were measured at baseline and Week 40. We 
compared the proportion of participants in the two FSG categories 
reaching HbA1c <7% (53 mmol/mol), ≤6.5% (48 mmol/mol), <5.7% 
(39 mmol/mol) and weight loss ≥5%, ≥10%, ≥15% at Week 40. All 
randomised patients who received at least 1 dose of study drug were 
included in the analysis with data after rescue medication censored 
(efficacy analysis set). The analyses were adjusted by key baseline char-
acteristics such as age, sex, baseline HbA1c, FSG, weight as well as 
study to account for any potential imbalances in baseline characteristics 
due to subgroups categorized by post-randomization FSG changes.
Results: Participants achieving ≥20% early FSG reduction at Week 
4 had higher FSG and lower age at baseline, and experienced greater 
reductions in both HbA1c and weight at Week 40 than those achiev-
ing <20% early FSG reduction (P<0.001) (Table). Among partici-
pants achieving ≥20% early FSG reduction, 93.50%, 87.10%, and 
41.96% met HbA1c <7%, ≤6.5%, and <5.7% goals, while 85.04%, 
74.35%, and 25.21% of participants achieving <20% early FSG reduc-
tion met these goals.
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Conclusion: Greater FSG reduction measured at Week 4 during 
treatment with once-weekly tirzepatide predicts better glycaemic and 
weight responses in the long-term in people with T2D. However, also 
subjects with a <20% FSG reduction at Week 4 show substantial 
reductions in HbA1c and weight at Week 40.

Clinical Trial Registration Number: NCT03954834/NCT03987919/
NCT03882970/NCT03730662
Supported by: Eli Lilly and Company
Disclosure: E. Razzoli: Employment/Consultancy; Eli Lilly and 
Company. Stock/Shareholding; Eli Lilly and Company.

SO 43 Small molecules to combat a large 
disease

628
Discovery of HDM1002, a selective, potent, oral small-molecule 
GLP-1R agonist for treatment of type 2 diabetes and obesity
H. Pan, W. Zhai, Z. Zhang, L. Guo, Z. Dong, M. Zhao, D. Liu;
Global Drug Development Center, Huadong Medicine, Hangzhou, 
China.

Background and aims: Activation of the glucagon-like peptide-1 recep-
tor (GLP-1R) is a validated mechanism for the treatment of type 2 diabe-
tes mellitus (T2DM). Activation of the GLP-1R with exogenous GLP-1 
has been shown to stimulate insulin release, inhibit glucagon secretion 
in a glucose-dependent manner, delay gastric emptying, increase satiety 
and suppress food intake. Additionally, clinical trials have demonstrated 
a reduction in the risk of cardio-vascular events with different GLP-1R 
agonists. The therapeutic success of peptidic GLP-1R agonists for treat-
ment of T2DM and obesity motivated our search for orally bioavailable 
small molecules that can activate GLP-1R as a well-validated target for 
T2DM and obesity. Here we report the identification of HDM1002 as a 
orally bioavailable, potent and selective small molecule GLP-1R agonists 
with robust hypoglycemic effect and will progress into clinical trials soon.
Materials and methods: To study the in vitro and in vivo activity of 
HDM1002, which selectively activates the primate and human GLP-1R, 
we used a hGLP-1R knock-in cell and mouse model generated by ICE 
and Jicui. We evaluated the glucose tolerance of our hGLP-1R knock-in 
mice dosed orally with vehicle or HDM1002 in an intraperitoneal glucose 
tolerance test (IPGTT). The pharmacokinetic parameters of HDM1002 
were determined in CD1 mice, Sprague−Dawley rats, and Cynomolgus 
macaques. The safety and tolerability profile study were determined in 
Sprague−Dawley rats and Cynomolgus macaques. For in vitro pharmacol-
ogy experiments, data were normalized to % stimulation using maximally 
efficacious concentrations of GLP-1(7-36) unless otherwise specified. 
Unless otherwise described, curves were fit to the four-parameter logistic 
equation. Data were graphed and fit to models using PRISM (GraphPAD).
Results: In our study, HDM1002 showed robust preclinical efficacy, 
good oral bioavailability and safety. In vitro study demonstrated that the 
activity of HDM1002 is picomolar (cAMP EC50) and the maximum 
activation (Emax) is about 100%. In vivo study showed that HDM1002 
has robust hypoglycemic effect under low dose. HDM1002 was orally 
available in mice, rats and monkeys. HDM1002 significantly reduced 
body weight, random blood glucose and FBG in DIO mice. There was 
no significant effect on central nervous system, cardiovascular system 
or respiratory system. No significant HDM1002-related abnormalities 
and no significant toxic target organs were observed.
Conclusion: In summary, we roport the preclinical data of HDM1002, 
a selective, potent, oral small-molecule GLP-1R agonist administered 
in participants with T2D. HDM1002 had a favorable safety and tolera-
bility profile, which was generally consistent with the peptidic GLP-1R 
agonist class. The results of this study support further clinical develop-
ment of HDM1002 for the treatment of T2D and obesity.
Supported by: Research and Development Plan for "Top Soldiers" 
and "Leading Wild Goose" of Zhejiang Provincial Department of 
Science and Technology
Disclosure: H. Pan: None.

629
Safety, tolerability, pharmacokinetics, and pharmacodynamics of 
a novel oral small molecule GLP-1 receptor agonist (HRS-7535) 
in healthy subjects
J. Wu1, W.  Hu1, Y.  Du1, Q.  Zhang1, R.  Zhou1, Q.  Zhang1, H.  Qin1, Z. 
 Ye2, Y.  Xu2, S.  Feng2, C.  Shu2, Y.  Shen2, Y.  Fan2;
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1Phase I Clinical Trial Center, Second Affiliated Hospital of Anhui 
Medical University, Hefei, China, Hefei, China, 2Clinical Research 
and Development, Jiangsu Hengrui Pharmaceuticals Co., Ltd., Shang-
hai, China, Shanghai, China.

Background and aims: HRS-7535, a novel, oral small molecule gluca-
gon-like peptide-1 receptor (GLP-1R) agonist, has demonstrated no 
strict food restriction, and has been found to obviously improve glucose 
tolerance, promote insulin secretion, and reduce food consumption in 
preclinical studies. This study aimed to assess the safety, tolerability, phar-
macokinetics (PKs), and pharmacodynamics (PDs) of single and multiple 
ascending doses (SAD and MAD) of HRS-7535 in healthy subjects.
Materials and methods: This was a randomized, double-blind, 
multi-part, phase 1 trial. Overtly healthy adults 18-55 yrs were eligi-
ble, with the body mass index of 19.0-28.0 kg/m2 and the HbA1c of 
<6.2%. In the SAD, healthy subjects were randomized (6:2) to receive 
HRS-7535 (15, 60, and 120 mg) or placebo. In the MAD, healthy 
subjects were randomized (18:6) to receive daily HRS-7535 (120 mg 
[30/60/90/120 mg titration scheme]) or matching placebo for 4 wks.
Results: 24 subjects participated in SAD and 24 participated in MAD, 
respectively. Most common treatment-emergent adverse events in both 
SAD and MAD were nausea and vomiting; all TEAEs were mild in 
severity. PKs were approximately proportional; In SAD, the median 
 Tmax was 5.98-5.99 h and geometric mean  t1/2 was 5.28-9.08 h across 
the HRS-7535 dosing range. In MAD, the median  Tmax was 5.98-10.98 
h and geometric mean  t1/2 was 6.48-8.42 h on Day 28 across the HRS-
7535 dosing range. In MAD, the mean reduction in body weight from 
baseline on Day 29 was 4.38 kg in subjects with HRS-7535.
Conclusion: Both SAD and MAD of HRS-7535 showed acceptable safety 
profile and favorable PKs/PDs. The obvious reductions in body weight 
could be observed in healthy subjects. These finding support further clini-
cal exploration of HRS-7535 in patients with metabolic syndromes.
Clinical Trial Registration Number: NCT05347758
Supported by: Jiangsu Hengrui Pharmaceuticals Co., Ltd.
Disclosure: J. Wu: None.

630
Effect of oral non-peptide GLP-1 receptor agonist orforglipron 
(LY3502970) in participants with obesity or overweight: a phase 
2 study
S. Wharton1,2, T.  Blevins3, L.  Connery4, J.  Rosenstock5, S.  Raha6, 
K.J.  Mather6, A.  Haupt6, D.  Robins6, E.  Pratt6, C.  Kazda6, M.  Konig6;
1McMaster University, Toronto, ON, Canada, 2Wharton Weight Man-
agement Clinic, Toronto, ON, Canada, 3Texas Diabetes and Endo-
crinology, Austin, TX, USA, 4Alliance for Multispeciality Research, 
Norman, OK, USA, 5Velocity Clinical Research at Medical Center, 
Dallas, TX, USA, 6Eli Lilly and Company, Indianapolis, IN, USA.

Background and aims: Orforglipron (OFG) is a novel once daily oral 
non-peptide GLP-1 receptor agonist (RA) which can be taken with 
or without food, in development for chronic weight management and 
type 2 diabetes. The aim of this study was to compare the efficacy, 
safety, and tolerability of OFG in patients with obesity or overweight 
with ≥1 weight-related comorbidity.
Materials and methods: This randomized, double-blind, parallel, phase 2 
study compared OFG against placebo (PBO). Participants were randomized 
to PBO or different OFG target doses (12, 24, 36, or 45 mg). OFG doses 
were increased to target using different dose escalation schemes in each 
arm to evaluate dosing regimens for tolerability. The primary endpoint was 
percent body weight (BW) change from baseline in OFG vs PBO at week 
26. Secondary endpoints included change in percent BW from baseline in 
OFG vs PBO at week 36, change in BW (kg) from baseline at week 26 and 
36, change from baseline in waist circumference (WC) and BMI, and the 
percentage of participants achieving ≥5 or ≥10% weight loss.

Results: This study randomized 272 participants with a mean BW of 
108.7 kg, BMI of 37.9 kg/m2, and 94% of participants had a BMI ≥30 
kg/m2 at baseline. The mean percentage change in BW from baseline 
ranged from -8.6% to -12.6% at week 26, and -9.4% to -14.7% at week 
36 in a dose dependent manner, compared with -2.0% and -2.3% with 
PBO respectively. OFG showed statistically significant reductions 
in percent change from baseline in BW for all doses of OFG when 
compared with PBO, ranging from; -6.5% to -10.6%, all p <0.001 at 
26-weeks, to -7.1% to -12.3%, all p<0.001 at 36-weeks. Statistically sig-
nificant reductions were observed in BMI up to 4.6 kg/m2 (all p<0.001) 
at 36 weeks and WC up to 9.6 cm, (all p<0.001) at 36 weeks for all 
groups vs PBO. At 36-weeks, all doses of OFG were statistically signifi-
cantly more likely to achieve the weight loss targets of ≥5%, ≥10% and 
≥15% compared with PBO. The percentage of patients who reported 
AE was higher in the OFG groups (up to 90%) vs PBO (76%). The most 
frequently reported adverse events (AE) in participants on OFG were 
gastrointestinal (GI) (overall mean OFG 77%, PBO 36%) and were mild 
to moderate in severity. The GI events occurred most frequently with 
drug initiation and dose escalation.
Conclusion: OFG, a novel non-peptide GLP-1 RA, which can be 
taken with or without food, led to greater reductions in BW, BMI, and 
WC compared with PBO and with a safety profile consistent with the 
GLP-1 RA class. These promising data support continued develop-
ment of OFG as an oral treatment for chronic weight management.

Clinical Trial Registration Number: NCT05051579, EudraCT 
2021-002805-88
Supported by: Eli Lilly and Company
Disclosure: S. Wharton: Grants; Novo Nordisk. Honorarium; Baush and 
Lomb. Other; Boehringer Ingelheim, Eli Lilly and Company, Novo Nordisk.

631
Efficacy of novel small molecule GLP-1 receptor agonist AZD0186 
on glucose stimulated insulin secretion in obese, male non-human 
primates
K. Wallenius1, N.R. Van  Zuydam2, A.  Boianelli3, G.R.  Davies4, C.A. 
 Brighton4, A. Träff  Wergeni5, D. Eckernäs5, M.  Persson6, S.  Omar7, 
D.  Pettersen8, S.A.E.  Lundqvist2, U.  Jurva3, A.  Snijder2, M.  Polla9;
1Bioscience Metabolism, AstraZeneca R&D, Gothenburg, Sweden, 
2Discovery Sciences, AstraZeneca R&D, Gothenburg, Sweden, 
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3DMPK, AstraZeneca R&D, Gothenburg, Sweden, 4Bioscience 
Metabolism, AstraZeneca R&D, Cambridge, UK, 5Pharmaceutical 
Sciences, AstraZeneca R&D, Gothenburg, Sweden, 6Safety, Astra-
Zeneca R&D, Gothenburg, Sweden, 7Projects, AstraZeneca R&D, 
Cambridge, UK, 8Projects, AstraZeneca R&D, Gothenburg, Sweden, 
9Medicinal Chemistry, AstraZeneca R&D, Gothenburg, Sweden.
Background and aims: Today only peptide glucagon-like peptide 
1 receptor agonists (GLP-1ra) are approved for type 2 diabetes and 
some for obesity. We have discovered a novel small molecule GLP-
1ra, AZD0186. The aim of this study is to show in vivo efficacy of 
AZD0186 on glucose stimulated insulin secretion in aged obese male 
non-human primates. AZD0186 was selected for in vivo profiling, 
based on in vitro potencies (Table 1), pharmacokinetic properties 
 (t1/2=5 h), selectivity, and preclinical safety profile.
Materials and methods: Following a baseline i.v. glucose tolerance 
test (ivGTT) where all animals (n=23) were treated with placebo the 
animals were randomized into 5 treatment groups (n=3-5/group). 
AZD0186 was evaluated in 3 dose groups 0.1, 0.25 and 0.7 mg/kg, 
positive control Danuglipron at 1 mg/kg and one group was treated 
with placebo. On the study day, the animals were fasted for 16 h and 
then anaesthetized with ketamine before administration of placebo or 
GLP-1ras i.v.. Next, the animals received an i.v. glucose bolus (0.5 g/
kg). Repeated blood samples were collected over 60 min for analysis 
of compound exposure, glucose, and insulin concentrations. The data 
is presented as mean ± SD.
Results: At baseline ivGTT, insulin AUC was 8942 ± 1843 μU/
mL*min, glucose disposal rate (Kg) was 1.1 ± 0.05 % and glucose 
AUC was 10287 ± 296 mg/dL*min. Danuglipron increased the 
insulin AUC 17997 ± 2268 μU/mL*min, and Kg 0.82 ± 0.03 %, 
and decreased the Glucose AUC -3196 ± 298 mg/dL*min (all data 
expressed as change from baseline and P< 0.0001). Insulin AUC 
in the placebo group was not different from baseline. AZD0186 
increased insulin AUC at all 3 dose levels (Change from baseline: 
0.1 mg/kg; 13331 ± 3125 μU/mL*min, 0.25 mg/kg; 30170 ± 3883 
μU/mL*min, 0.7 mg/kg; 24453 ± 3351 μU/mL*min, P≤ 0.0005 for 
all dose levels). The increase in insulin AUC was accompanied by 
an increase in Kg (Change from baseline: 0.1 mg/kg; 0.70 ± 0.03 %, 
0.25 mg/kg; 0.81 ± 0.03 % and 0.7 mg/kg; 0.71 ± 0.03 %, P<0.0001 
for all dose levels) and a reduction in glucose AUC (Change from 
baseline: 0.1 mg/kg; -3403 ± 411 mg/dL*min, 0.25 mg/kg -3656 ± 
412 mg/dL*min, 0.7 mg/kg; -3093 ± 417 mg/dL*min, P<0.0001 for 
all dose levels).
Conclusion: In response to the ivGTT, all three doses of AZD0186 
induced an increase in the insulin AUC, Kg and decreased the glu-
cose AUC in obese, dysmetabolic NHPs. The efficacy of AZD0186 
achieved in this study supports further evaluation in human.

Disclosure: K. Wallenius: Employment/Consultancy; All authors 
are employed by AstraZeneca. Stock/Shareholding; All authors hold 
AstraZeneca stocks.

632
HTD1801 improves glycaemic control in patients with type 2 dia-
betes: double-blind, placebo-controlled, phase 2 study
L. Ji1, J.  Ma2, J.  Ma3, Z.  Cheng4, S.  Gan5, G.  Yuan6, D.  Liu7, S.  Li8, 
Y.  Liu9, X.  Xue10, J.  Bai11, K.  Wang12, H.  Cai13, S.  Li14, L.  Liu15;
1Peking University People’s Hospital, Beijing, China, 2Nanjing First 
Hospital, Nanjing, China, 3The First Affiliated Hospital of Henan 
University of Science and Technology, Luoyang, China, 4The Fourth 
Affiliated Hospital of Harbin Medical University, Harbin, China, 
5Changde First People’s Hospital, Changde, China, 6Affiliated Hos-
pital of Jiangsu University, Zhenjiang, China, 7The First Affiliated 
Hospital of Nanyang Medical College, Nanyang, China, 8Affiliated 
Hospital of Yan’an University, Yan’an, China, 9Nanjing Medical 
University Hospital, Nanjing, China, 10Jinan Central Hospital, Jinan, 
China, 11Liaocheng People’s Hospital, Liaocheng, China, 12Nanjing 
Jiangning Hospital, Nanjing, China, 13The Second Hospital of Jilin 
University, Changchun, China, 14Huizhou Central People’s Hospital, 
Huizhou, China, 15HighTide Therapeutics, Inc., Shenzhen, China.

Background and aims: HTD1801 is a new molecular entity with 
a unique molecular structure, previously shown to reduce liver fat 
content and HbA1c in patients with NASH. Based on these findings, 
a Phase 2, double-blind, placebo-controlled study evaluating the effi-
cacy and safety of HTD1801 was conducted in Chinese patients with 
T2DM with the primary objective of improving glycemic control.
Materials and methods: 113 patients were randomized 1:1:1 to pla-
cebo (n=38), HTD1801 500 mg BID (n=37), and HTD1801 1000 
mg BID (n=38) for 12 weeks. Stratification included HbA1c (above/
below 8.5%) and CAP (above/below 274 dB/m). Key inclusion cri-
teria included T2DM per WHO criteria, HbA1c between 7%-10.5% 
and FPG <13.9 mmol/L. The primary endpoint was the change from 
baseline in HbA1c at Week 12.
Results: Baseline disease severity criteria were balanced across groups 
with patients having elevated HbA1c, FPG, and LDL-C at baseline 
(Table 1). The primary endpoint was achieved with a significant, dose 
dependent reduction in HbA1c with HTD1801 compared to placebo 
at 12 weeks. 30% of patients randomized to HTD1801 1000 mg BID 
achieved an HbA1c <6.5% vs 6% of placebo patients. Reductions 
in HbA1c were paralleled by significant improvements in FPG and 
HOMA-IR. Significant reductions were also observed in LDL-C and 
non-HDL-C with HTD1801 as shown in Table 1. HTD1801 was safe 
and well tolerated. TEAEs were experienced by 40%, 46%, and 71% 
of patients in placebo, HTD1801 500 mg BID, and HTD1801 1000 mg 
BID, respectively. The majority of TEAEs were Grade 1 or 2 in severity 
with 4 patients experiencing a Grade 3 TEAE (1 placebo, 1 HTD1801 
500 mg BID, 2 HTD1801 1000 mg BID). One patient experienced 
a TEAE of Grade 1 hypoglycemia and 1 patient (HTD1801 500 mg 
BID) experienced a SAE of fundal hemorrhage; both were not related 
to study drug.
Conclusion: The primary endpoint was achieved with a significant 
reduction in HbA1c after 12 weeks of treatment with HTD1801 
and additional improvements in key cardiometabolic parameters. 
HTD1801 was found to be generally safe and well tolerated. These 
findings will be further evaluated in Phase 3 studies in patients with 
T2DM.
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Disclosure: L. Ji: Lecture/other fees; Eli Lilly, Novo Nordisk, 
Merck, Bayer, Sanofi-Aventis, Roche, MSD, Metronics, AstraZeneca, 
Boehringer Ingelheim, Abbott.

633
Deciphering glucokinase regulation and modulation for diabetes 
treatment in the model organism zebrafish (Danio rerio)
N. Schmitner1, S.  Thumer1, I.  Bergerweiss1, D.  Regele1, S.  Berger1, 
C.  Helker2, D.Y.R.  Stainier3, D.  Meyer1, R.A.  Kimmel1;
1University of Innsbruck, Innsbruck, Austria, 2Philipps-University 
Marburg, Marburg, Germany, 3Max Planck Institute for Heart and 
Lung Research, Bad Nauheim, Germany.

Background and aims: Glucokinase (GCK) is a crucial enzyme for 
blood glucose management and plays a dual role in glucose homeo-
stasis. In pancreatic islet cells it is a critical component of the insulin-
independent glucose sensing mechanism, while in hepatocytes GCK 
regulates glucose uptake and storage in an insulin- and food-induc-
ible manner. Because of its importance for glucose metabolism and 
disease, GCK is considered an attractive target for the development 
of novel antidiabetic drugs. GCK activators have been extensively 
researched for their antidiabetic potential, but due to initial setbacks, 
none have yet reached the market. Alternatively, inhibition of GCK 
is proposed as an approach to maintain glucose sensing and preserve 
functional beta cell mass. Overall, a viable therapeutic agent has still 
to emerge, and therefore considerable efforts are made to characterize 
the complex regulation and biological effects of GCK.
Materials and methods: We use the vertebrate organism zebrafish, 
an optimal model system for studying metabolic diseases, to dissect 
the complexities of GCK regulation and to unravel the multifaceted 
physiological responses that follow GCK modulation. Analysis of 
bulk and single cell RNA sequencing data are performed to gain 
insight into isoform expression. A combination of transgenic GCK 
reporter lines and our diabetes model, the pdx1 mutant, allow moni-
toring of GCK expression in larvae under pathological conditions and 
varied nutritional states. GCK enzyme activity and glucose measure-
ments complement the assessment of GCK modulating drugs.
Results: Through the analysis of single cell and bulk RNA sequencing 
data, we confirmed the expression of two tissue specific GCK isoforms 
in the islet and the liver, respectively. While expression in islet cells is 
constitutive, expression in the liver is regulated by nutritional status, 
confirming similarity to the mammalian system. Diabetic pdx1 mutants 
showed a 40% reduced GCK expression in the liver (p=0.03), which 
is modulated in a nutrition-dependent manner. Overfeeding increases 
GCK expression in the liver in wild type fish by 65% (p=0.01), while 
in diabetic mutants GCK expression is increased by 28% upon feeding 
(p=0.05). Generally, hepatic GCK expression upon feeding seemed 

reduced in diabetic individuals by around 34% (p=0.06). GCK reporter 
expression in the islet is reduced >24% in mutants compared to controls 
(p<0.001), due to the reduced number of beta cells (~60%, p=0.01). 
With these defined baseline responses, the effects of GCK modulat-
ing drugs in our diabetic zebrafish model are currently being assessed 
by enzyme activity and glucose measurements, while we additionally 
monitor adverse effects on islet and liver physiology.
Conclusion: GCK activity, expression and responses are highly con-
served between zebrafish and mammals. In-depth characterization 
of GCK activity and regulation at the whole-organism level, using a 
model organism highly amenable to manipulation and in vivo imag-
ing, provides important new insights into mechanisms of metabolic 
disturbances in diabetes. Demonstrating responses to activators and 
inhibitors, will further clarify applicability of GCK as a drug target 
for therapies.
Supported by: Tiroler Wissenschaftsförderung
Disclosure: N. Schmitner: None.

634
Lactic acid functionalised AuCePt porous hollow nanozyme tar-
geted to alleviate hepatic insulin resistance
Y. Fu1, L.  Li1, M.  Yang2;
1Chongqing Medical University, Chongqing, China, 2Department of 
Endocrinology, The Second Affiliated Hospital of Chongqing Medi-
cal University, Chongqing, China.

Background and aims: Type II diabetes mellitus (T2DM) is a com-
mon endocrine and metabolic disease, which has caused a serious 
burden on human health and social economy. Studies have shown that 
as the pathogenesis basis of T2DM, hepatic insulin resistance (IR) is 
closely related to oxidative stress (OS). However, there is still a lack of 
effective targeted treatment methods to alleviate the OS in hepatic IR.
Materials and methods: To alleviate hepatic IR, AuCePt porous 
hollow nanozymes (AuCePt PHNs), was designed and synthesized 
in this project. AuCePt PHNs had a variety of excellent enzyme-like 
activities and can also be used as nano-carriers to target hepatic cells 
for drug delivery. The morphology, size, and dispersion of AuCePt 
PHNs were characterized by transmission electron microscopy 
(TEM). Scanning transmission electron microscopy (STEM), energy 
dispersive spectroscopy (EDS), and X-ray photoelectron spectros-
copy (XPS) were used to explore their elemental composition. Its size 
was analyzed using Dynamic Light Scattering (DLS). The pore size 
was analyzed using  N2 adsorption experiments. In addition, we also 
used superoxide dismutase (SOD) and catalase (CAT) activity detec-
tion kits to detect the enzymatic activity of AuCePt PHNs. To target 
the alleviation of hepatocyte IR, AuCePt PHNs was functionalized 
using lactose acid (LA), which could specifically bind to the highly 
expressed asialoglycoprotein receptor (ASGP-R) on the surface of 
hepatocytes. FFAs was incubated with AML-12 cells to prepare IR 
cell model, which was treated by AuCePt PHNs to analyzed its thera-
peutic effect in vitro. In addition to, the obesity mice induced by high 
fat diet (HFD) were treated with AuCePt PHNs through intravenous 
injection to verify its therapeutic effect in vivo.
Results: TEM results showed that AuCePt PHNs were spherical nano-
particles with a porous surface, hollow interior, and a diameter of about 
60 nm. STEM, EDS, and XPS results demonstrated that they were 
composed of Au, Ce, and Pt. Catalytic color development experiments 
and dissolved oxygen quantitative experiments confirmed that AuCePt 
PHNs have strong SOD like and CAT like dual enzyme activities, and 
can efficiently cascade the entire reaction process of converting •O2

- 
to  H2O2 and decomposing  H2O2 into  H2O and  O2. ROS fluorescence 
experiments showed that AuCePt PHNs can efficiently remove ROS 
in AML-12 IR cells. Cell endocytosis experiments confirmed that 
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AuCePt PHNs-LA can significantly improve the efficiency of their 
endocytosis by HepG-2 hepatocytes after functionalized with lactose 
acid (LA). WB experiments demonstrated that AuCePt PHNs-LA can 
increase the phosphorylation level of AKT and inhibit the expression 
level of PEPCK. In vitro experiments confirmed that AuCePt PHNs-
LA can significantly improve glucose uptake and glycogen synthesis 
at the cellular level. After intravenous injection, in vivo experimental 
results showed that AuCePt PHNs-LA can significantly reduce blood 
glucose, improve glucose tolerance and insulin sensitivity in obesity 
mice induced by HFD.
Conclusion: This study confirmed that AuCePt PHNs-LA had been 
successfully prepared, which could improve hepatocyte IR by reduc-
ing OS to activate insulin signaling pathways and inhibiting glucone-
ogenesis signaling pathways, and had good targeting and therapeutic 
effects. Therefore, the intrinsic enzyme activity of AuCePt PHNs has 
great potential for IR therapy.
Supported by: The National Natural Science Foundation of China 
82170816
Disclosure: Y. Fu: None.

SO 44 I heard the news today: novel incretins
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Evaluation of the pharmacokinetics of glucagon-like-peptide-1 
receptor agonist delivered through the BioJet™ biotherapeutic 
delivery platform in swine
S.N. Lee, C. Stork, R.O. Valenzuela-Rivas, M. Walker, B. Smith, J. 
Smith, N. Quintana, C. Wahl, S. Singh;
Biora Therapeutics, San Diego, CA, USA.

Background and aims: Glucagon-like-peptide-1 (GLP-1) receptor 
agonists stimulate insulin secretion and suppress glucagon release. 
Semaglutide is a GLP-1 agonist currently injected subcutaneously 
or taken orally to treat type 2 diabetes and for weight management. 
However, oral administration of protein/small peptide therapeutics 
has proved difficult due to the harsh conditions of the upper gastro-
intestinal tract (GIT) and poor absorption rates in the small intestine. 
The BioJet™ oral biotherapeutic delivery platform is an ingestible 
drug-device combination developed to increase drug bioavailability 
via needleless jet injection in the proximal small intestine following 
oral administration. Previous testing of an earlier, autonomously trig-
gered version of the device in animal models was presented at ACG 
2022. This study evaluated the pharmacokinetics (PK) of semaglutide 
delivered through the BioJet device in a porcine model.
Materials and methods: Due to prolonged and variable gastric resi-
dence times in the porcine model, BioJet devices filled with ~1mg 
of semaglutide were administrated by intraduodenal (ID) endoscopic 
placement and were externally triggered in the proximal small intestine 
of the female Yucatan swine. PK blood sampling was performed from 
0 to 240 hours post-dose. Systemic concentrations of semaglutide were 
measured using LC-MS-MS to evaluate the PK of semaglutide with the 
device via ID administration compared with the IV control.
Results: Seven of eight (7/8) devices were successfully placed and 
activated in the duodenum. All seven animals showed detectable drug 
levels up to ten days post-dosing and had an oral bioavailability aver-
age of 37% ± 15% (CV: 40%), ranging from 19%-60% compared to 
IV control (Figure 1). No significant clinical signs were observed in 
the animals before or after dosing for up to 10 days. This study was 
repeated in N=9 animals with similar results.
Conclusion: This study demonstrated that oral administration of the 
OBDS device has the potential to achieve an average of 37% and 
as high as 60% bioavailability of a GLP-1 receptor agonist in ani-
mals. This is a magnitude greater than the currently marketed oral 
tablet, Rybelsus®, which has less than 1% bioavailability estimated 
in human trials. The BioJet device could provide an alternative for 
the oral administration of large molecules and may improve patient 
compliance vs. needle-based administration.
Disclosure: S.N. Lee: Employment/Consultancy; Biora Therapeutics.

636
A single ascending dose study of the novel GLP-1 receptor agonist 
GL0034 (utreglutide) in individuals with obesity without diabetes
R. Thennati1, V.  Burade1, M.  Natarajan1, P.  Shahi1, R.  Nagaraja1, 
S.  Panchal1, S.  Agrawal1, B.  Jandrain2, T.  Duvauchelle3, A. Garcia-
Ocana4, G.A.  Rutter5,6, R.E.  Pratley7, B.  Thorens8, T. Vilsbøll9;
1High Impact Innovations - Sustainable Health Solutions (HISHS), 
Sun Pharmaceutical Industries Limited, Vadodara, Gujarat, India, 
2MD, Clinical Pharmacology Unit, ATC Co. and Division of Diabetes, 
Nutrition and Metabolic Disorders, Academic Hospital of Leige, Liège, 
Belgium, 3Phaster1, Le Plessis-Trévise, France, 4Chair and Professor, 
Department of Molecular & Cellular Endocrinology, Ruth B. and Ro- 
bert K. Lanman Endowed Chair in Gene Regulation and Drug Discov-
ery Research, Arthur Riggs Diabetes and Metabolism Research Institute, 
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Durate, CA, USA, 5CR-CHUM, University of Montreal, QC, QC, Canada, 
6Section of Cell Biology and Functional Genomics, Division of Dia-
betes, Endocrinology and Metabolism, Department of Metabolism, 
Digestion, Reproduction, Imperial College of London, London, UK, 
7AdventHealth Translational Research Institute, Orlando, FL, USA, 
8Center for Integrative Genomics, University of Lausanne, Lausanne, 
Switzerland, 9Clinical Research, Steno Diabetes Center Copenhagen, 
Herlev, University of Copenhagen, Copenhagen, Denmark.

Background and aims: The novel incretin analogue, utreglutide 
(GL0034), has potent agonist activity at the glucagon-like peptide-1 
receptor. The primary objective of this phase 1 study in people with 
obesity was to assess the safety and tolerability of single-ascending 
doses of utreglutide.
Materials and methods: Healthy individuals (N=24) with BMI ≥30 
kg/m2 were randomized (6:2) to increasing single doses of subcutane-
ous utreglutide (1,520, 2,000 and 2,520 μg) or placebo. Utreglutide 
pharmacokinetics and key exploratory pharmacodynamic parameters 
(triglyceride, leptin levels and body weight) were assessed (Table).
Results: Reduction in body weight versus baseline reached a maximum 
of 3.3 kg with the 2,520 μg dose at day 8. Body weight reduction was 
sustained through day 22 with all doses of utreglutide. The decreases 
in leptin levels were dose-dependent. Triglyceride levels were reduced 
from baseline following treatment with utreglutide 2,000 μg and 2,520 
μg dose at day 8. Utreglutide maximum concentrations ranged from 
227 to 367 ng/mL, and mean half-life ranged from 99 to 118 h (Table). 
The common utreglutide-related adverse events were gastrointestinal 
with dose-dependent nausea, decreased appetite and vomiting. No 
injection site reactions or any other adverse events were noted.
Conclusion: In conclusion, utreglutide at single dose demonstrated 
clinically relevant reductions in body weight in individuals with obe-
sity and was well tolerated.

Clinical Trial Registration Number: 2020-003765-20
Disclosure: R. Thennati: Employment/Consultancy; Employee.

637
Pharmacology characterisation of a novel GLP-1R agonist GSBR-
2657 in a new humanised GLP-1R mouse model
T. Mao, H. Zhang, X. Fang, S. Zhan, T. Wang, Z. Guan, J. Zhang, 
X. Lin, H. Lei, F. Zhang;
Structure therapeutics, Shanghai, China.

Background and aims: Incretin based injectable therapies have pro-
vided significant benefits to Type 2 diabetes and obesity patients in 
past decades. Tremendous efforts were spent to discover and develop 
oral small molecule GLP-1 receptor agonists (GLP-1RAs) to improve 
patient accessibility. Pharmacological study of small molecule GLP-
1RAs in rodent models has been limited due to the lack of rodent 
cross reactivity. Here we describe the pharmacological characteriza-
tion of a novel small molecule GLP-1RA GSBR-2657 and its ther-
apeutic potential for obesity and diabetes using a new humanized 
GLP-1R mouse model.

Materials and methods: GSBR-2657 binding affinity was deter-
mined by measuring its competitive binding to human GLP-1R 
against labeled exendin-4 in cells overexpressing recombinant human 
GLP-1R. GSBR-2657 agonistic potency was determined by human 
GLP-1R mediated cellular cAMP assay. Humanized GLP-1R mouse 
was generated and validated by hGLP-1R gene expression and activ-
ity toward small molecule GLP-1RA. A diet-induced obesity (DIO) 
model was established using humanized GLP-1R mice fed high fat 
diet (Research Diet D12492i, 60 kcal% Fat). The brain neuron activa-
tion was evaluated using 3D imaging of c-Fos in response to GSBR-
2657 agonism.
Results: GSBR-2657 bound to hGLP-1R with high affinity, and 
potently activated hGLP-1R-Gαs-cAMP pathway in vitro. Oral dos-
ing of GSBR-2657 in DIO mouse provided sufficient drug exposure 
and half-life to support its further in vivo efficacy evaluation. Since 
GSBR-2657 showed no cross-species activity to mouse GLP-1R, a new 
humanized GLP-1R mouse model was generated for in vivo pharma-
cology studies. The humanized GLP-1R mouse model demonstrated a 
similar cross-tissue hGLP-1R gene expression pattern as mGLP-1R in 
wildtype mouse and good pharmacological response to small molecule 
GLP-1RA in ipGTT and food intake studies. In this model, a single 
oral administration of GSBR-2657 showed a dose dependent effect 
on glucose clearance in ipGTT and on food intake reduction in acute 
food intake test. In the DIO model based on the humanized GLP-1R 
mouse, following 28-day consecutive dosing, GSBR-2657 induced 
dose dependent reduction of cumulative food intake and body weight. 
High dose GSBR-2657 reached 17.8% body weight loss vs baseline, 
comparable to semaglutide at 15 nmol/kg (-17.8%, P=0.43 from One 
way ANOVA). Since CNS mediated appetite decrease has been a major 
mechanism for peptidic GLP-1RA effect, we investigated the central 
neuron activation pattern by GSBR-2657 and compared it with that 
of semaglutide. Using c-Fos as the neuron activation marker, a 3D 
imaging of whole brain c-Fos revealed GSBR-2657 activated a series 
of nuclei with food intake controlling function as well as nuclei with 
GLP-1R expression. There was a high degree of overlap of the acti-
vated nuclei between GSBR-2657 and semaglutide, suggesting small 
molecule GLP-1RA GSBR-2657 induced an anorectic effect with a 
similar central mechanism as semaglutide.
Conclusion: GSBR-2657 is a novel, potent, oral small molecule 
GLP-1R agonist. In a new humanized GLP-1R mouse model, 
GSBR-2657 demonstrated robust glucose clearance efficacy in 
ipGTT, and semaglutide comparable weight loss and food intake 
reduction in chronic DIO study. GSBR-2657 activated central neu-
ron with a similar pattern as semaglutide. These promising pharma-
cological properties suggest that GSBR-2657 may be a promising 
drug candidate as a potential treatment for diabetes and obesity.
Disclosure: T. Mao: Employment/Consultancy; I’m employee of 
Structure Therapeutics.

638
A phase 3, randomised, double-blind, placebo-controlled, 
52-week study to evaluate the efficacy and safety of once-weekly 
PB-119 as add-on to metformin in patients with type 2 diabetes 
in China
M. Xu, Pegbio study group;
Pegbio Biomedical company, Suzhou, China.

Background and aims: Polyethylene glycolated exenatide injection 
(PB-119) is a derivative obtained by modification of a single amino 
acid in exenatide. The PEG modification significantly prolongs the 
half-life, improves curative effect and reduces immunogenicity of 
exenatide. Favorable efficacy and safety profile had been demonstrated 
in two phase 2 studies completed in US and China respectively, and 
dose titration is unnecessary. We assessed the efficacy, safety, and 
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tolerability of PB-119 as add on to metformin, compared with placebo, 
in Chinese patients with T2DM insufficiently controlled on metformin 
alone in a multicenter, randomized, double-blind, placebo-controlled, 
52-week phase 3 study. The study started with a 4-week placebo run-
in period, a 24-week double-blinded treatment period, followed by a 
28-week extension phase in which all subjects received PB-119 150ug, 
and a 4-week follow up period. Here we report the interim analysis 
results of 24-week double-blind treatment period.
Materials and methods: Total 620 subjects were randomized (1:1) 
to receive once-weekly subcutaneous PB-119 150ug or placebo. The 
primary endpoint was the change in HbA1c from baseline to week 
24. Safety was assessed in all subjects who received at least one dose 
of study drug.
Results: Mean baseline HbA1c was 8.48% (0.863) and 8.46% 
(0.790) in PB-119 and placebo group respectively; at week 24, 
the LSMean HbA1c decrease with PB-119 was -1.25%, (95% 
CI -1.35, -1.16), which was significantly greater than that with 
placebo (-0.68%, 95% CI -0.78, -0.59; p<0.001). More subjects 
in PB-119 achieved HbA1c targets< 7.0% at week 24 compared 
to placebo (40.5% vs 17.9%; p<0.001). Significant reduction 
in FPG and 2h-PPG were also observed with PB-119 treatment 
(P<0.001). Meanwhile, PB-119 improved the fasting and post 
prandial C peptide, post prandial insulin, as well as beta-cell 
function. Most adverse events were mild to moderate and tran-
sient. The incidence of nausea (4.2%) and vomiting (4.8%) were 
low. There were no episodes of Grade 2 or above hypoglycemia (< 
3.0mmol/L). More participants achieved the composite endpoint 
HbA1c < 7.0% with no severe or blood glucose confirmed <3.0 
mmol/L hypoglycemia with PB-119 compared to placebo (40.5% 
vs 17.9%; p<0.001).
Conclusion: Once-weekly PB-119 significantly improves glycemic 
control and beta-cell function in patients with T2DM, and is well 
tolerated. Dose titration is not needed.
Clinical Trial Registration Number: NCT04504396
Disclosure: M. Xu: None.

639
Efficacy and safety of supaglutide as add-on to metformin in 
patients with type 2 diabetes
D. Anwar1, Y.  Bao2, Y.  Zhou3, S.  Chen2, J.  Zhou2, L.  Li1, Z. 
 Cheng4, X.  Dong5, X.  Shi6, N.  Zhao7, Y.  Yang3, J.  Ma8, Y.  Li3, Q. 
 Wang1,3, W.  Jia2;
1Shanghai Innogen Pharmaceutical Co., Ltd., Shanghai, China, 
2Department of Endocrinology and Metabolism, Shanghai Jiao-
tong University Affiliated Sixth People’s Hospital, Shanghai, China, 
3Department of Endocrinology and Metabolism, Huashan Hospital, 
Shanghai Medical School, Fudan University, Shanghai, China, 4Depart-
ment of Endocrinology and Metabolism, The Fourth Affiliated Hospital 
of Harbin Medical University, Shanghai, China, 5Department of Endo-
crinology and Metabolism, Central Hospital Affiliated Shandong First 
Medical University, Shanghai, China, 6Department of Endocrinology 
and Metabolism, The First Affiliated Hospital of Nanyang Medical 
College, Shanghai, China, 7School of Public Health, Fudan Univer-
sity, Shanghai, China, 8Department of Endocrinology and Metabolism, 
Nanjing First Hospital, Nanjing, China.

Background and aims: GLP-1 is an incretin hormone with broad 
pharmacological potential. GLP-1 receptor agonists (GLP-1RA) are 
successfully in clinical use for T2D and obesity. Several GLP-1-based 
therapies are in clinical evaluation for treating metabolic diseases. 
Supaglutide (supa), a novel GLP-1RA, is in late-stage clinical investi-
gation for T2D. The efficacy and safety are being investigated in 340 
patients with T2D inadequately controlled on metformin in this rand-
omized, double-blind, placebo-controlled phase 3 clinical trial.

Materials and methods: Patients were randomized in a 1:1 ratio 
to receive supa 3 mg or placebo once weekly (QW), both add-on to 
metformin. The primary endpoints include the changes in HbA1c 
from baseline at Week 24, and safety of supa in T2D.
Results: We randomly assigned 344 patients to treatment, of which 171 
were exposed to supa, and 173 to placebo. Supa 3 mg QW treatment 
resulted in a statistically significant reduction in HbA1c of -1.80% from 
baseline at week 24 (p<0.001). Body weight was decreased by 3.80% 
from baseline in supa 3 mg group, with a significant difference versus 
placebo group (p<0.001). Supa also significantly improved glucose 
excursion, and increased meal-stimulated insulin and C-peptide secre-
tion as determined by MMTT, suggesting improved glucose tolerance 
and enhanced β-cell function. Overall TEAEs occurred in 66.5% and 
73.7% with placebo and supa 3 mg, respectively. The most common 
TEAEs with supa were GI symptoms, such as nausea, vomiting, diar-
rhea and decreased appetite mostly in mild or moderate severity.
Conclusion: Supa 3 mg improved glycemic and metabolic control and 
was well tolerated in T2D inadequately controlled on metformin, suggest-
ing supa as a novel alternative therapy for T2D and metabolic disorders.

Clinical Trial Registration Number: NCT04998032
Disclosure: D. Anwar: None.

640
Efficacy and safety of supaglutide monotherapy in patients with 
type 2 diabetes
Q. Wang1, Y.  Zhou2, L.  Li1, W.  Wang3, G.  Tong3, B.  Shi4, X.  Hu5, F. 
 Bian6, Q.  Li7, Y.  Wang8, N.  Zhao9, J.  Ma10, Y.  Li2, D.  Zhu3;
1Shanghai Innogen Biomedical Engineering Co., Ltd., Shanghai, 
China, 2Department of Endocrinology and Metabolism, Huashan 
Hospital, Shanghai Medical School, Fudan University, Shanghai, 
China, 3Department of Endocrinology, Drum Tower Hospital Affili-
ated to Nanjing University Medical School, Nanjing, China, 4Depart-
ment of Endocrinology and Metabolism, First Affiliated Hospital of 
Soochow University, Suzhou, China, 5Department of Endocrinol-
ogy and Metabolism, Shandong University Affiliated Jinan Central 
Hospital, Jinan, China, 6Department of Endocrinology, Cangzhou 
People’s Hospital, Cangzhou, China, 7Department of Endocrinology, 
The Second Affiliated Hospital of Zhengzhou University, Zhengzhou, 
China, 8Nan yang First People’s Hospital, Nanyang, China, 9School 
of Public Health, Fudan University, Shanghai, China, 10Department 
of Endocrinology, Nanjing First Hospital, Nanjing, China.

Background and aims: Glucagon-like peptide-1 (GLP-1) is an incre-
tin hormone with broad pharmacological potential. GLP-1 receptor 
agonists (GLP-1RAs) are successfully in clinical use for type 2 dia-
betes (T2D) and obesity. Several GLP-1-based therapies are in clini-
cal evaluation for treating metabolic diseases. Supaglutide (supa), 
a novel GLP-1RA, is in late-stage development for T2D. The effi-
cacy and safety of supa is being investigated in patients with newly 
diagnosed T2D inadequately controlled with diet and exercise in this 
randomized, double-blind, placebo-controlled phase 3 clinical trial.
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Materials and methods: Patients were randomized in a 2:2:1 ratio 
to receive supa at a dose of 1 mg, 3 mg or corresponding placebo. 
The primary endpoints included the changes in HbA1c from baseline 
at Week 24, and safety and tolerability of supa in patients with T2D.
Results: We randomly assigned 297 patients to treatment, of which 118 
were exposed to supa 1 mg, 117 to supa 3 mg, and 62 to placebo. Supa 
treatment resulted in a statistically and clinically significant reduction 
from baseline in HbA1c at Week 24 of -1.73% (95% CI -1.92 to -1.54, 
p<0.001) and -2.15% (95% CI -2.35 to -1.95, p<0.001) with 1 and 3 mg 
weekly dosing, respectively. Body weight was decreased by 0.97% (95% 
CI -1.76 to -0.18) and 3.14% (95% CI -3.98 to -2.31) from baseline in 
the supa 1 and 3 mg groups, respectively, with a significant difference 
for supa 3 mg versus 1 mg group (p<0.001). Supa also significantly 
improved glucose excursion, and increased meal-stimulated insulin 
and C-peptide secretion as determined by mixed-meal tolerance test 
(MMTT), suggesting improved glucose tolerance and enhanced β-cell 
function. The most common treatment emergent adverse events (TEAEs) 
with supa were gastrointestinal symptoms, such as nausea, vomiting, 
diarrhea and decreased appetite, mostly in mild or moderate severity.
Conclusion: Our data showed that supa improved glycemic and meta-
bolic control and was well tolerated in T2D, suggesting supa as a 
novel alternative therapy for T2D and metabolic disorders.

Clinical Trial Registration Number: NCT04994288
Disclosure: Q. Wang: None.
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Safety and tolerability of multiple ascending doses of once-weekly 
GL0034 (utreglutide) in healthy individuals
V. Burade1, R.  Thennati1, M.  Natarajan1, P.  Shahi1, R.  Nagaraja1, 
S.  Panchal1, S.  Agrawal1, B.  Jandrain2, T.  Duvauchelle3, A. Garcia-
Ocana4, G.A.  Rutter5,6, R.E.  Pratley7, B.  Thorens8, T. Vilsbøll9;
1High Impact Innovations - Sustainable Health Solutions (HISHS), 
Sun Pharmaceutical Industries Limited, Vadodara, Gujarat, India, 
2MD, Clinical Pharmacology Unit, ATC Co, and Division of Diabetes, 
Nutrition and Metabolic Disorders, Academic Hospital of Leige, 
Liège, Belgium, 3Phaster1, Le Plessis-Trévise, France, 4Chair and 
Professor, Department of Molecular & Cellular Endocrinology, Ruth 
B. and Robert K. Lanman Endowed Chair in Gene Regulation and 
Drug Discovery Research, Arthur Riggs Diabetes and Metabolism 
Research Institute, Durate, CA, USA, 5CR-CHUM, University of 
Montreal, QC, QC, Canada, 6Section of Cell Biology and Functional 
Genomics, Division of Diabetes, Endocrinology and Metabolism, 
Department of Metabolism, Digestion, Reproduction, Imperial 
College of London, London, UK, 7AdventHealth Translational 
Research Institute, Orlando, FL, USA, 8Center for Integrative 
Genomics, University of Lausanne, Lausanne, Switzerland, 9Clinical 
Research, Steno Diabetes Center Copenhagen, Herlev, University of 
Copenhagen, Copenhagen, Denmark.

Background and aims: Utreglutide (GL0034) is being developed as 
a once-weekly, long-acting glucagon-like peptide-1 receptor agonist 

(GLP-1RA). This phase 1 study assessed the safety and tolerability 
of multiple ascending doses of utreglutide.
Materials and methods: Healthy individuals (N=36) with BMI 18 
to 28 kg/m2 were randomized (9:3) to subcutaneous utreglutide or 
placebo. Two groups of nine individuals each received a fixed dose 
of 450 μg (cohort 1) or 680 μg (cohort 2) for four weeks; a third 
group was treated for eight weeks, with two weekly doses of 450 μg, 
followed by two doses of 900 μg and four doses of 1,520 μg (cohort 
3). Safety biomarkers and key exploratory pharmacodynamic effects 
including fasting insulin and glucose, alanine transaminase and body 
weight were assessed.
Results: Utreglutide related adverse effects were mainly gastroin-
testinal with dose-dependent nausea, vomiting and decreased appe-
tite. Fasting insulin was decreased in cohort 2 and cohort 3 on day 
23 and 51 respectively following treatment with utreglutide, with a 
corresponding reduction in homeostatic model assessment for insu-
lin resistance (HOMA-IR). At day 51, alanine transaminase levels 
decreased from baseline in cohort 3 versus an increase in placebo. 
Dose-dependent decreases in body weight were measured in cohorts 
1, 2 and 3, respectively, compared to baseline, and were sustained 
through days 50 and 78.
Conclusion: In conclusion, utreglutide was well tolerated and effica-
cious in healthy individuals with normal weight.

Clinical Trial Registration Number: 2020-003765-20
Disclosure: V. Burade: Employment/Consultancy; Employee.

642
Hsk7653, a novel biweekly DPP-4 inhibitor, versus daily linaglip-
tin as add-on therapy to metformin in Chinese patients with type 
2 diabetes
Q. Ren1, L.  Ji1, L.  Li2, X.  Su3, X.  Hu4, G.  Qin5, J.  Han6;
1Peking University People’s Hospital, Beijing, China, 2Shengjing 
Hospital of China Medical University, Liaoning, China, 3Cangzhou 
Hospital of Integrated Traditional Chinese and Western Medicine, 
Hebei, China, 4Jinan Central Hospital, Shandong, China, 5The First 
Affiliated Hospital of Zhengzhou University, Henan, China, 6Hebei 
Petro China Central Hospital, Hebei, China.

Background and aims: HSK7653, a novel ultralong-acting DPP-4 
inhibitor, maintains the average plasma DPP-4 inhibition over 80% for 
14 days after 10mg or 25mg dosing. This randomized, double-blind, 
active-controlled, non-inferiority, phase III trial was conducted to 
evaluate the efficacy and safety of adding biweekly HSK7653 versus 
daily linagliptin in Chinese patients with type 2 diabetes and inad-
equate glycemic control on metformin monotherapy.
Materials and methods: Patients with T2DM and HbA1c levels of 
7.5% to 11.0% while on a stable dose of metformin (≥1500mg/day 
or maximum tolerated dose ≥1000mg/day to <1500mg/day) were 
randomized 1:1:1 to add-on HSK7653 10mg once-biweekly (n=156), 
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HSK7653 25mg once-biweekly (n=155) or linagliptin 5mg once-
daily (n=153) for 24 weeks of double-blind treatment, followed by 
28 weeks of open-label extension treatment with add-on HSK7653 
25mg once-biweekly for all patients. The primary endpoint was the 
between-group difference of the change in HbA1c from baseline at 
24 weeks, and the non-inferiority margin was the upper bound of the 
95% confidence interval (CI) of the difference was less than 0.4%.
Results: The mean baseline HbA1c levels were 8.34%, 8.31% and 
8.36% in HSK7653 10mg, HSK7653 25mg and linagliptin group, 
respectively. At week 24, the least-squares (LS) mean change in 
HbA1c from baseline (95% CI) was -0.96% (-1.08, -0.83) in HSK7653 
10mg, -0.99% (-1.12, -0.87) in HSK7653 25mg and -1.07% (-1.19, 
-0.94) in linagliptin group. The between-group differences (95% CI) 
of HSK7653 10mg vs. linagliptin and HSK7653 25mg vs. linagliptin 
were 0.11% (-0.07, 0.29) and 0.07% (-0.10, 0.25), respectively, which 
demonstrated both HSK7653 10mg and 25mg were non-inferior to 
linagliptin. The percentage of patients achieving HbA1c<7.0% was 
32.7% in HSK7653 10mg group, 40.6% in HSK7653 25mg group 
and 38.6% in linagliptin group, with no statistical differences among 
three groups. The LS mean changes from baseline in fasting plasma 
glucose, 2-h postprandial glucose, C-peptide, body weight, insulin 
sensitivity and β-cell function were all similar in three treatment 
groups. In the open-label extension treatment (from week 24 to week 
52), the sustaining reduction of HbA1c from baseline were observed 
in HSK7653 10mg switched to 25mg group, HSK7653 25mg mainte-
nance group and linagliptin switched to HSK7653 25mg group. There 
were no excess hypoglycemia events in HSK7653 10mg or 25mg vs. 
linagliptin, and the incidence of adverse events was similar among 
all three groups during the whole treatment.
Conclusion: In Chinese patients with type 2 diabetes who had inad-
equate glycemic control on metformin monotherapy, the add-on 
biweekly HSK7653 was non-inferior to daily linagliptin in improv-
ing glycemic control with well tolerability and safety.
Clinical Trial Registration Number: NCT04564872
Disclosure: Q. Ren: None.
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HbA1c reduction with tirzepatide in people with type 2 diabetes: 
a mediation analysis using body weight loss as a factor
T. Vilsbøll1, C.  Nicolay2, M.  Malecki3, V. Thuyanh  Thieu2, K. 
 Chivukula2, J.  Kiljanski2;
1Herlev and Gentofte Hospital, Center for Clinical Metabolic 
Research, Copenhagen University Hospitals, Denmark, 2Eli Lilly 
and Company, Indianapolis, IN, USA, 3Department of Metabolic 
Diseases, Jagiellonian University Medical College, Poland.

Background and aims: Tirzepatide (TZP) is a first-in-class once 
weekly glucose-dependent insulinotropic polypeptide (GIP) and 
glucagon-like peptide-1 (GLP-1) receptor agonist that is approved 
for treatment of people with type 2 diabetes and under investiga-
tion for chronic weight management. In the SURPASS-1, -2 and 
-5 clinical studies, TZP 5, 10 and 15 mg demonstrated significant 
improvements in HbA1c and body weight at week 40 vs placebo or 
semaglutide 1 mg. Post hoc mediation analyses were conducted to 
evaluate weight loss-dependent (WL-D) and weight loss-independent 
(WL-IND) effects of tirzepatide 5, 10, or 15 mg on change in HbA1c 
from baseline to week 40 in SURPASS-1, -2 and -5.
Materials and methods: Analyses were done by study, based on data 
from participants while on assigned treatment without rescue medication 
for persistent hyperglycaemia. Comparators were placebo (SURPASS-1, 
SURPASS-5) and semaglutide 1 mg once weekly (SURPASS-2) and 
excluded the insulin-controlled studies SURPASS-3 and -4. Weight 
loss dependent and Weight loss independent effects on HbA1c at week 
40 were estimated using the product method for mediation analysis, 
adjusted for baseline HbA1c and study-specific stratification factors.
Results: The difference in HbA1c change from baseline at 40 weeks 
(total effect) between TZP and comparator group was -19.0 to -1.9 mmol/
mol (-1.7 to -0.2%) (TZP 5 mg), -19.1 to -4.5 mmol/mol (-1.8 to -0.4%) 
(TZP 10 mg) and -20.0 to -5.1 mmol/mol (-1.8 to -0.5%) (TZP 15 mg). 
The estimated contribution of WL-D and WL-IND effects on these treat-
ment differences are presented below (Figure). In the placebo-controlled 
trials, 12% to 27% of the difference in HbA1c change between TZP dose 
arms and placebo was estimated as being mediated through weight loss 
when given as monotherapy (SURPASS-1), and 25% to 45% when on 
the background of insulin with or without metformin (SURPASS-5). 
When compared to semaglutide (SURPASS-2, add-on to metformin), 
54 to 71% of the difference in HbA1c change between TZP dose arms 
and semaglutide, was estimated as being mediated through weight loss.
Conclusion: In conclusion, the TZP-induced HbA1c reductions 
from baseline, compared with placebo or semaglutide, were medi-
ated through both WL-D and WL-IND effects.

Supported by: Eli Lilly and Company
Disclosure: T. Vilsbøll: Employment/Consultancy; AstraZeneca, Novo 
Nordisk, Boehringer Ingelheim, SunPharmaceutical, Eli Lilly, Sanofi, 
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Mundipharma, GSK, Gilead, BMS. Grants; Novo Nordisk Foundation 
- Early interventions to prevent childhood overweight, spring 2021, 
Independent Research Fund Denmark 2021, Novo Nordisk Founda-
tion – COVID19, 2020. Honorarium; AstraZeneca, Novo Nordisk, 
Boehringer Ingelheim, Sanofi, Eli Lilly, Mundipharma. Lecture/other 
fees; Royalties/Licences: FaDLs forlag Akutte Medicinske Tilstande 
(AMT) 2020 + 2022 Gyldendal Medicinsk kompenium (co-author). 
Other; Participated on advisory board for Novo Nordisk, Sanofi, GSK, 
Boehringer, SunPharmaceutical, Eli Lilly.

644
Fat specific weight loss in diet-induced obesity mouse model when 
treated with bispecific GLP-1R/GLP-2R agonist vs dual GLP-1R/
GIPR agonist
T. Oh1, S.-I.  Yang2, J.  Roh2, R.  Sung2;
1ProGen Co., Ltd., Seoul, Republic of Korea, 2SL MetaGen. Co., 
Ltd., Incheon, Republic of Korea.

Background and aims: Obesity is a global health challenge with 
few pharmacological options associated with type 2 diabetes and 
cardiovascular (CV) complications. Studies have shown that a high 
percentage of visceral adipose tissue (VAT) is consistently associ-
ated with obesity-related metabolic disease, implicating that targeting 
VAT specificity is important. Also, a recent meta-analysis showed 
a significant association between elevated blood lipopolysaccharide 
(LPS) levels, a low grade inflammation biomarker, and an increase 
in risk of cardiovascular events. The aim of this study was to deter-
mine the action of bispecific GLP-1/GLP-2 Fc-fused agonist, MG12, 
in body weight (BW) reduction, especially in VAT, and low grade 
inflammation
Materials and methods: MG12, a bispecific GLP-1R/GLP-2R Fc-
fused agonist, was manufactured to show its potential advantage over 
current comparable dual incretin agonists. To determine the effect 
of the dual functional GLP-1 analogues, we compared the obesity 
related effects in the 18 week high fat diet induced obesity mouse 
models.
Results: In this study, we observed that MG12 was superior in BW 
reduction when compared to dual GLP-1R/GLP-2R agonist as well as 
combination therapy of GLP-1R and GLP-2R Fc-fused agonist. We 
predicted this as the result of the optimized state of increasing GLP-1 
activity and the bispecific structural nature. Also, MG12 showed BW 
reduction in a dose-dependent manner. Interestingly, MG12 at a high 
dose showed similar BW reduction to dual GLP-1R/GIPR agonist 
despite a lesser decrease in food intake after the first injection. Addi-
tionally, we noted a higher VAT specific reduction in the compara-
ble BW reduced group. Furthermore, the decrease in the blood LPS 
levels, an inflammation biomarker, was greater in the MG12 treated 
group than the dual GLP-1R/GIPR group.

Conclusion: In our study, while there was similar BW reduction in 
both groups, the MG12 treated group had profound fat specific mass 
reduction compared to the dual GLP-1R/GIPR agonist group.
Disclosure: T. Oh: None.

645
BI 456906 acts through circumventricular organs in the brain and 
activates neuronal pathways associated with appetite regulation
T. Zimmermann1, P.  Haebel1, K.  Bleymehl1, J.  Perens2, U.  Roostalu2, 
J. Hecksher-Sørensen2, R.  Augustin1;
1Boehringer Ingelheim Pharma GmbH & Co. KG, Biberach an der 
Riß, Germany, 2Gubra, Hørsholm, Denmark.

Background and aims: BI 456906 is a novel GCGR/GLP-1R dual 
agonist in clinical development for people with obesity. Preclinically, 
BI 456906 demonstrated body weight lowering efficacy through 
decreased energy intake and increased energy expenditure. Here we 
describe the central site of action of BI 456906.
Materials and methods: BI 456906-Cy7 is a fluorescently labelled 
analog of BI 456906. In vitro potency of BI 456906-Cy7 for the GCGR 
and GLP-1R was determined in cells (CRE-Luc CHO-K1) of recombinant 
receptor expression. In vivo, GLP-1R engagement by BI 456906-Cy7 was 
tested in lean mice for food intake and simultaneous engagement of the 
GLP-1R and GCGR was demonstrated in CRE-Luc reporter mice. Distri-
bution of BI 456906-Cy7 in the brain was investigated in lean mice after 
single dosing and in addition after a pre-treatment with BI 456906. Neu-
ronal activation was assessed via cFos imaging following acute injection 
of BI 456906-Cy7 in diet-induced obese mice. Using light sheet imaging 
of cleared brains and computational image analysis, Cy7 signal intensi-
ties and c-Fos labelled cells were quantified in individual brain regions.
Results: The potency (EC50) of BI 456906-Cy7 in human plasma 
was 1 nM and 38 nM for GLP-1R and GCGR, respectively. In vivo, 
it significantly (p<0.001) reduced food intake up to 52% compared 
to vehicle and significantly (p<0.001) increased luciferase activity 
in both the pancreas (221-fold, GLP-1R activation) and liver (1580-
fold, GCGR activation) in CRE-Luc mice, which is comparable to BI 
456906. Acute dosing of BI 45906-Cy7 and imaging of cleared brains 
resulted in significant (p<0.001) fluorescence accumulation in the area 
postrema (AP)/nucleus of the solitary tract (NTS) in the hindbrain and 
median eminence (ME)/arcuate hypothalamic nucleus (ARH) areas in 
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the hypothalamus. In mice pre-treated with BI 456906 and subsequent 
dosing of BI 45906-Cy7, the fluorescent signal in the AP and ARH was 
significantly (p<0.001) reduced, suggesting specificity of BI 456906-
Cy7 for the target receptors. Application of BI 456906 significantly 
(p<0.001) increased c-Fos labelling in regions of the brain with estab-
lished roles in body weight and satiety regulation including: AP, NTS, 
dorsal motor nucleus of the vagus nerve, parabrachial nucleus, and cen-
tral amygdala nucleus.
Conclusion: BI 456906 directly accessed the circumventricular 
organs, hypothalamus and hindbrain but did not cross the blood-brain 
barrier. Brain areas associated with hunger and satiety regulation 
were activated by BI 456906 associated with a reduction in food 
intake. In summary, the pharmacology of BI 456906 suggests clinical 
benefits for people with obesity.
Supported by: Boehringer Ingelheim
Disclosure: T. Zimmermann: Employment/Consultancy; Boehringer 
Ingelheim, Employee.

646
A pilot study using [18F]FDG PET/MRI to investigate dual GLP-1 
and glucagon receptor agonism on myocardial glucose uptake and 
myocardial function in adults with type 2 diabetes
J.D.H. Goodman1, M.  Schain2, V.  Lupson3, T.  Horn3, R.  Manavaki3, 
T.D.  Fryer3, G. Di  Stefano1, E.  Amiss1, N.  Jalaludeen1, H.  Haraldsson2, 
L.  Jermutus4, J.  Cheriyan1, L.  Johansson2, P.  Ambery5, I.B.  Wilkinson1;
1Experimental Medicine and Immunotherapeutics, Department of 
Medicine, University of Cambridge, Cambridge, UK, 2Antaros Medical 
AB, Mölndal, Sweden, 3Wolfson Brain Imaging Centre, Department 
of Clinical Neurosciences, University of Cambridge, Cambridge, UK, 
4Research and Early Development, Cardiovascular, Renal and Metabo-
lism, BioPharmaceuticals R&D, AstraZeneca, Cambridge, UK, 5Late-
stage Development, Cardiovascular, Renal and Metabolism (CVRM), 
BioPharmaceuticals R&D, AstraZeneca, Gothenburg, Sweden.

Background and aims: Individuals with type 2 diabetes (T2DM) 
have an increased risk of cardiovascular disease and cardiovascu-
lar mortality. Dual GLP-1 and glucagon receptor agonism (RA) is 
a potential therapeutic treatment option for T2DM, obesity, chronic 
kidney disease and non-alcohol steatohepatitis. Previous studies 
have demonstrated the beneficial effects of dual agonism on glucose 
metabolism and body weight, however, less is known about their 
effects on the cardiovascular system. Data from the 1970s suggests 
glucagon, in particular, may be positively inotropic without increas-
ing peripheral vascular resistance, suggesting possible use in acute 
cardiac dysfunction. In this study, we aimed to examine the effects 
of dual GLP-1 and glucagon RA on myocardial function and whether 
these effects correlated with myocardial glucose uptake (MGU) in 
overweight individuals with T2DM, using [18F]FDG PET/MRI.
Materials and methods: This was a single-blinded, mechanistic pilot 
study. Eight adults with T2DM (five male and three female, mean age 
52 ± 12 years, BMI 31 ± 4 kg/m2 and HbA1c 53 ± 7 mmol/mol) par-
ticipated in the study. MGU and myocardial function were measured 
using [18F]FDG PET/MRI in the fasted state. In order to simulate the 
effects of dual agonism, we used exenatide (a GLP-1 receptor agonist) 
and glucagon. Acting as their own control, participants received Infu-
sions of saline [1 ml/min], glucagon [12.5 ng/kg/min], and combination 
glucagon [12.5 ng/kg/min] and exenatide [50 ng/min for 30 min, then 
25 ng/min] over three separate days. Blood pressure (BP), heart rate 
(HR) and serum glucose were measured during the infusions.
Results: Serum glucose significantly increased following the gluca-
gon and combination exenatide:glucagon infusions (p<0.05). Mean 
MGU was 0.017 μmol/g/min, 0.030 μmol/g/min and 0.041 μmol/g/
min in the saline, glucagon and combination groups, respectively (one 
way ANOVA, p=0.49). There were no significant differences in HR 

or systolic BP between the infusions. Diastolic BP non-significantly 
decreased in the glucagon and combination infusion groups. Using 
cardiac MRI, we found no significant differences in stroke volume, 
ejection fraction, global longitudinal strain and mitral flow between 
the infusions. There were no adverse events.
Conclusion: Exenatide:glucagon co-infusion did not result in any sig-
nificant changes in MGU or markers of myocardial function. Co-infu-
sion was safe with no adverse effects. Compared to saline, there were 
no significant changes in HR or BP. Further mechanistic and cardio-
vascular outcome studies using long acting compounds are required to 
assess the cardiovascular efficacy and safety of dual and multi agonist 
drugs at the GLP-1 and glucagon receptor, and their potential utility in 
the treatment of myocardial ischaemia or heart failure.
Clinical Trial Registration Number: NCT04307797
Supported by: NIHR Cambridge Biomedical Research Centre 
(BRC-1215-20014) and AstraZeneca Experimental Medicines 
Training Initiative (RG98920)
Disclosure: J.D.H. Goodman: None.

647
Safety, tolerability, pharmacokinetics (PK), and pharmacody-
namics (PD) of a dual GLP-1/GIP receptor agonist (HRS9531) 
in healthy subjects
Q. Wen1, K.  He1, F.  Wei1, H.  Chen2, Y.  Zhang2, Z.  Sheng2, L.  Yin2;
1Central Hospital Affiliated to Shandong First Medical Univer-
sity, Jinan, China, 2Jiangsu Hengrui Pharmaceuticals Co., Ltd., 
Shanghai, China.

Background and aims: Accumulating evidence suggests that dual 
GLP-1/GIP receptor agonist can achieve prominent glycemic control 
and body weight loss. HRS9531, a novel long-acting agonist with 
remarkable activity on both GLP-1 and GIP receptors, has been shown 
to reduce blood glucose levels and induce weight loss in various animal 
models. Here we report the results of a phase 1 randomized, double-
blind, placebo-controlled, single and multiple ascending dose (SAD 
and MAD) study of HRS9531 in healthy subjects.
Materials and methods: In the SAD phase, healthy subjects were ran-
domized (4:1) to receive subcutaneous injection of HRS9531 (0.1, 0.3, 
0.9, 2.7, 5.4, and 8.1 mg) or placebo. In the MAD phase, healthy sub-
jects were randomized (4:1) to receive HRS9531 (0.9, 2.7, and 5.4 mg 
[2.7/2.7/4.0/5.4 mg titration]) or placebo once a week for four weeks. 
The primary endpoints for both phases were safety and tolerability.
Results: A total of 60 and 30 subjects were enrolled in the SAD 
and MAD phases, respectively. Abdominal distension and nausea 
were the most commonly reported adverse events in the SAD phase, 
while urine ketone body present and nausea were the most common 
in the MAD phase. All events were mild to moderate in sever-
ity (mostly mild), with no occurrences of severe hypoglycemia or 
serious adverse events. HRS9531 drug exposure was proportional 
to dose in the range of 0.9-8.1 mg. The median  Tmax and mean  t1/2 
were 48-72 h and 156-182 h in the SAD phase, and 48-72 h and 
169-192 h after the fourth dosing in the MAD phase, respectively. 
Fasting plasma glucose (FPG) levels decreased dose-dependently 
after both single and multiple dosing. The 0 to 2 h glucose AUC 
during oral glucose tolerance test (OGTT) on Day 23 decreased 
dose-dependently relative to placebo in MAD phase. In the SAD 
phase, body weight loss was dose-dependent, with a maximal mean 
loss of 3.8 kg (4.9%) observed in the 8.1 mg group on Day 8. In the 
MAD phase, the mean weight loss on Day 29 (after 4 weeks treat-
ment) ranged from 4.3-7.7 kg (6.7%-9.3%) across the 0.9-5.4 mg 
groups, with the maximal loss (8.0 kg, 10.0%) occurring on Day 36 
in the 5.4 mg group.
Conclusion: HRS9531 was well-tolerated, had favorable PK, and led 
to evident glucose decrease and body weight loss. These data support 
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the further clinical development of HRS9531 for the treatment of 
metabolism-related disorders such as T2DM and obesity.
Clinical Trial Registration Number: NCT05152277
Supported by: Jiangsu Hengrui Pharmaceuticals Co., Ltd.
Disclosure: Q. Wen: None.

648
A long-acting glucose-dependent insulinotropic polypeptide 
receptor agonist improves gastrointestinal tolerability of gluca-
gon-like peptide 1 receptor agonist therapy
F.K. Knop1, S.  Urva2, M.  Rettiganti2, C.  Benson2, W.C.  Roell2, K.J. 
 Mather2, A.  Haupt2, E.  Pratt2;
1Department of Clinical Medicine, Faculty of Health and Medical 
Sciences, University of Copenhagen, Copenhagen, Denmark, 2Eli 
Lilly and Company, Indianapolis, IN, USA.

Background and aims: The contributions of glucose-dependent insu-
linotropic polypeptide (GIP) receptor activation to the overall benefit 
of tirzepatide, which activates both the glucagon-like peptide 1 (GLP-
1) receptor and the GIP receptor, are incompletely understood. One 
hypothesized contribution is that GIP receptor activation improves 
the overall tolerability of pharmacological GLP-1 receptor activation. 
This study evaluated the safety and tolerability profile of LY3537021 
(LY) in combination with liraglutide, in order to evaluate potential 
mitigation of liraglutide-related gastrointestinal (GI) adverse events.
Materials and methods: In a blinded, randomized, crossover study, 
participants were assigned to pre-treatment with a single subcutane-
ous dose of LY versus placebo, followed by 8 days of treatment with 
escalating doses of liraglutide from 0.6 to 2.4 mg intended to elicit GLP-
1-related GI symptoms. The frequency of GI-related adverse events was 
measured. There was an 8-week washout between treatment phases.
Results: Thirty-two healthy participants were dosed and 31 completed 
both periods of the trial. All 32 patients were included for analyses of 
safety data. Compared with the liraglutide+placebo phase of the trial, 
the total number of GI adverse events in the liraglutide+LY phase was 
reduced (73 versus 41; p=0.02), with fewer mean events per participant 
(2.28 versus 1.28). During the liraglutide+LY phase, a smaller pro-
portion of participants experienced GI adverse events compared to the 
liraglutide+placebo phase (53% versus 72%; p=0.13). While on LY, the 
proportion of participants affected by three of the most common GLP-
1-related GI events (nausea, vomiting, and gastro-oesophogeal reflux) 
decreased by approximately 20-65% versus placebo (total of 13 on LY 
versus 26 on placebo). LY also reduced the total number of common 
liraglutide-associated GI events (nausea, vomiting, and gastro-oesopho-
geal reflux) by approximately 45-65% (20 on LY versus 41 on placebo).
Conclusion: These results suggest that long-acting GIP receptor 
agonism may enable improvement in tolerability to the GI adverse 
events associated with GLP-1 receptor agonist therapy, which may 
contribute to the improved clinical benefits noted with long-acting 
GIP/GLP-1 receptor co-agonism.
Clinical Trial Registration Number: NCT05444569
Supported by: Eli Lilly and Company
Disclosure: F.K. Knop: Employment/Consultancy; Consultant for 
89bio, Altimmune, AstraZeneca, Boehringer Ingelheim, Eli Lilly, Novo 
Nordisk, Sanofi, Structure Therapeutics, Zealand Pharma, Zucara. 
Grants; Novo Nordisk, Zealand Pharma. Honorarium; 89bio, Altim-
mune, AstraZeneca, Boehringer Ingelheim, Eli Lilly, Novo Nordisk, 
Sanofi, Structure Therapeutics, Zealand Pharma, Zucara. Lecture/other 
fees; 89bio, AstraZeneca, Boehringer Ingelheim, Eli Lilly, Novo Nordisk, 
Sanofi, Zealand Pharma. Non-financial support; Bayer, Novo Nordisk. 
Stock/Shareholding; minority shareholder of Antag Therapeutics. Other; 
Co-owner of the weight loss clinic Medicinsk Vægttabsbehandling ApS.

649
Dual amylin and calcitonin receptor agonists alone or in combina-
tion with semaglutide result in long-term sustained improvement 
of metabolic status in obese and diabetic rats
A.T. Larsen1, K.E.  Mohamed1, S.A.  Melander1, M.A.  Karsdal1,2, 
K.  Henriksen1,2;
1Nordic Bioscience, Herlev, Denmark, 2KeyBioscience AG, Stans, 
Switzerland.

Background and aims: Long-acting dual amylin and calcitonin 
receptor agonists (DACRAs) are novel candidates for the treat-
ment of type 2 diabetes and obesity due to their beneficial effects 
on both body weight, glucose control, and insulin action. How-
ever, how the metabolic benefits are maintained after long-lasting 
treatment (>3 months) is unknown. This study investigates the 
long-term anti-obesity and anti-diabetic treatment efficacy of the 
DACRA KBP-336 alone and in combination with the GLP-1R ago-
nist semaglutide.
Materials and methods: Zucker diabetic Sprague Dawley (ZDSD) 
rats with obesity and diabetes were treated with KBP-336 (4.5 nmol/
kg Q3D), semaglutide (50 nmol/kg Q3D), or the combination of the 
two for 7 months, and the treatment impact on body weight, food 
intake, glucose control, and insulin action was evaluated. Further-
more, serum levels of the marker of cardiovascular complications, 
rPRO-C6 (endotrophin, a marker of collagen type VI formation), were 
evaluated to access the impact of long-term treatment on this important 
co-morbidity.
Results: KBP-336, semaglutide and the combination lowered body 
weight significantly compared to vehicle (AUC, P<0.001), with the 
combination inducing a larger weight loss than either monotherapy 
(AUC, P<0.001). All treatments resulted in reduced fasting blood 
glucose levels compared to vehicle-treated rats (P<0.001). This was 
reflected in the HbA1c levels that were significantly lower in the 
treatment groups compared to vehicle at the study end (P<0.001). 
Again, the combination therapy was superior to the monotherapies 
(P<0.01). In line with the improved glucose control, all treatments 
protected against lost insulin secretory capacity and improved insu-
lin action. An oral glucose tolerance test at the study end showed 
that all treatments improved glucose tolerance compared to vehicle 
(P<0.01). Interestingly, the combination therapy obtained improved 
glucose tolerance with insulin levels in a range similar to the vehi-
cle-treated group indicating a clear improvement in insulin sensi-
tivity. Serum levels of the marker of cardiovascular complications, 
rPRO-C6 (endotrophin), were significantly lowered by KBP-336 
(P<0.01) and combination therapy (P<0.05) compared to vehicle 
(AUC).
Conclusion: In summary, KBP-336 has a long-term sustained and 
significant effect on glucose control and post-prandial glucose toler-
ance as well as a significant effect on body weight loss. Further, 
the lowering of circulating endotrophin indicates improved cardio-
vascular parameters. Altogether, these data highlight KBP-336 as a 
promising candidate for the treatment of obesity and type 2 diabetes 
as well as related late complications both alone and as an add-on to 
GLP-1R agonists.
Supported by: The Danish Research Foundation, Innovationsfonden, 
EU Horizon 2020 research and innovation program under the MSC 
#814244
Disclosure: A.T. Larsen: Employment/Consultancy; All authors 
are employed by Nordic Bioscience A/S. Grants; The studies were 
funded by grants from the Danish Research Foundation, the Innova-
tion Foundation and the EU Horizon 2020 research and innovation 
program under the Marie Skłodowska-Curie 814244. Stock/Share-
holding; Morten A. Karsdal and Kim Henriksen own stock in Nordic 
Bioscience A/S.
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The carotid body mediates GLP-1 actions on glucose homeostasis
D.S. Sampaio-Pires1, F.O.  Martins1, A.M.  Capucho1, C.  Barosa2, J.F. 
 Sacramento1, G.M.  Melo1, J.G.  Jones2, S.V.  Conde1;
1Pharmacology, NOVA Medical School, Lisboa, Portugal, 2Center of 
Neurosciences CNS, Coimbra, Portugal.

Background and aims: GLP-1 is an incretin released by the gut 
in response to food consumption. Binding to the GLP-1 receptor 
(GLP-1R) increases insulin and decreases glucagon secretion by the 
pancreas, promoting nutrient storage and usage. GLP-1 also acts 
in the brain to promote satiety. As such, GLP-1R agonists are used 
in type 2 diabetes (T2D) and obesity to promote glycemic control 
and decrease weight. The carotid bodies (CBs), classically defined 
as O2 sensors, are also metabolic sensors involved in energy and 
glucose homeostasis. Herein, we investigated the role of the CBs 
on the GLP-1 effects on glucose homeostasis.
Materials and methods: Wistar rats were submitted to 10 weeks of 
60% lipid-rich diet (HF) or to a standard diet (NC). After, half of the 
groups were submitted to carotid sinus nerve (CSN) resection, to abol-
ish CB contribution to GLP-1 effects on metabolism, or to a sham 
surgery. After 6h of fasting animals received a bolus of 6mL of deuter-
ated water (2H2O). At a terminal experiment animal received a bolus 
of liraglutide, a GLP-1R agonist (200 μg/Kg), a bolus of 1-13C-glucose 
(52.1 mg/kg) and a perfusion of the same labelled glucose started (1.30 
mg/kg/min). Glycemia was measured for 1h. Insulin, C-peptide, and 
glucagon in plasma samples were evaluated by a multiplex analysis 
at 0, 15, 30 and 60min post liraglutide administration. Glucose usage 
and production pathways were evaluated by NMR analysis of 2H and 
13C-spectra of glucose from plasma and liver. Experiments followed 
the 2010/63/EU European Union Directive and were approved by NMS 
Ethics Committee and Portuguese Authority for Animal Health. Dif-
ferences between data were calculated using One-Way ANOVA and 
considered significantly different with p-values <0.05.
Results: Liraglutide decreased blood glucose levels by 15.4% and 
28.2% in NC and HF animals, effects exacerbated by CSN resection 
in NC (p<0.05) but not in HF animals. HF diet also increased the time 
to liraglutide reach a maximal effect on blood glucose (p<0.05) vs NC 
animals, and impaired the counterregulatory responses to hypoglyce-
mia, effects abolished by CSN resection. Insulin levels increased by 
121.6% and 87.2% in response to liraglutide in NC and HF animals, 
respectively an effect prevented by CSN denervation, with no signifi-
cative alterations in c-peptide levels between groups. Glucagon levels 
increased by 44.8% in response to liraglutide administration in NC 
animals, an effect attenuated in HF diet-animals (20.5% increase). 
CSN resection in both NC and HF diet animals prevented the counter-
regulatory increase in glucagon levels promoted by a decrease in 
glycemia induced by liraglutide.
Conclusion: CSN resection improves liraglutide effects on blood 
glucose and insulin levels and on the impaired-HF diet counter-
regulatory mechanisms to hypoglycemia. CSN resection exacerbates 
HF-induced impairment of liraglutide positive effects on glucagon 
secretion, suggesting that CBs modulation of hypoglycemia counter-
regulatory mechanisms occurs by other mechanism different from 
glucagon secretion. These results suggest that targeting GLP-1 action 
on glucose homeostasis involves the contribution of the CB.
Supported by: CEECIND/ 04266/ 2017 to FOM - CEEC 
IND/02428/2018 to JFS
Disclosure: D.S. Sampaio-Pires: None.
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Effects of reendothelialisation with exenatide treatment add on 
to insulin vs insulin alone, both in combination with metformin 
in subjects with type 2 diabetes: Rebuild study
I. Santos-Pardo1, N.  Witt1, T. Nyström2;
1Cardiology, Södersjukhuset, Stockholm, Sweden, 2Endocrinology, 
Södersjukhuset, Stockholm, Sweden.

Background and aims: Patients with type 2 diabetes (T2D) have 
a higher risk of in-stent restenosis and stent thrombosis following 
a percutaneous coronary intervention. The key mechanism for pre-
venting these events after stenting is a restored and well-functioning 
neo-endothelium. Several large, randomized trials have shown car-
dioprotective effect of Glucagon Like Pepetide-1 receptor (GLP-1R) 
agonists therapy lowering the risk of major adverse cardiovascular 
events. In addition, activation of GLP-1R has been suggested to 
induce several effects on the vasculature that may reduce not only 
the risk of atherosclerosis progression, but even the risk of stent fail-
ure following an angioplasty. The aim of this study is to evaluate the 
potential beneficial effect of the GLP-1R agonist Exenatide in the 
endothelialisation of modern drug-eluting stents (DES) in patients 
with T2D.
Materials and methods: 38 subjects with T2D and coronary 
artery disease who were eligible for revascularisation with 
implantation of DES were included and randomized to either 
treatment with Exenatide (once weekly) over the standard treat-
ment, or to standard treatment alone. After 12 weeks, a new 
coronary angiography was performed to evaluate the coverage 
of the DES and the presence of neo-atherosclerosis by optical 
coherence tomography. The main outcome was the percentage of 
stent coverage at 12 weeks. Descriptive data is shown as mean 
(standard deviation) or median (percentile  25th-  75th) depending 
on data distribution.
Results: The two groups were well balanced regarding baseline clin-
ical characteristics. The mean age was 66.6 (8.8) years and 58% of 
the subjects were men. Initially HbA1c was 60.2 (18.7) mmol/mol in 
Exenatide group and 58.8 (14) mmol/mol in the control group. Neo-
intimal coverage could be assessed in all 33 subjects that completed 
follow-up. DES coverage was 95% (88.7-98.5%) in the Exenatide 
group and 91.4% (88.8 - 98.5%) in the Control group (p=0.692). 
There were no significant differences between groups neither in 
the thickness of neo-intima (0.2 mm in both groups, p=0.471), nor 
the maximal in-stent obstruction by neo-intima (15.5% in Exena-
tide group vs 14.7% in Control group, p=0.801). Weight decrease 
was greater in Exenatide group compared to Control group (-7.8 
kg vs +0.14 kg, p=0.014), and so was also HbA1c reduction (-11.4 
mmol/mol vs -4.7 mmol/mol, p=0.001). No significant differences 
were detected on the rate of target lesion revascularisation between 
groups (p=0.224).
Conclusion: Twelve weeks treatment with Exenatide did not lead 
to a significantly better stent coverage in patients with T2D. No 
significant differences in the occurrence of neo-atherosclerosis 
were detected between groups.
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Clinical Trial Registration Number: NCT02621489
Supported by: This study received funding from Hjärt-Lungfonden 
(20160511)
Disclosure: I Santos-Pardo: None.

652
The GLP-1 receptor agonist liraglutide alleviates type 2 diabe-
tes-related diastolic dysfunction in a pyruvate dehydrogenase 
dependent manner
J.S.F. Chan1,2, A.A.  Greenwell1,2, C.T.  Saed1,2, M.J.  Stenlund1,2, I.A. 
Mangra-Bala1,2, S.  Dakhili1,2, K.  Yang1,2, K.  Gopal1,2, F.  Eaton1,2, 
J.R.  Ussher1,2;
1Faculty of Pharmacy and Pharmaceutical Sciences, University of 
Alberta, Edmonton, AB, Canada, 2Alberta Diabetes Institute, Uni-
versity of Alberta, Edmonton, AB, Canada.

Background and aims: Impairments in cardiac energy metabo-
lism are a major contributor to the pathology of diabetic cardio-
myopathy (DbCM), which is characterized by diastolic dysfunc-
tion. This includes an increased reliance on fatty acid oxidation to 
meet the heart’s energy demands, which coincides with a marked 
reduction in glucose oxidation. Of interest, several studies have 
shown that restoration of myocardial glucose oxidation improves 
cardiac function in type 2 diabetes (T2D). Liraglutide, a glucagon-
like peptide-1 receptor (GLP-1R) agonist used for the treatment 

of T2D that also improves cardiovascular outcomes, can alleviate 
diastolic dysfunction and increase myocardial glucose oxidation in 
experimental T2D. However, whether these increases in glucose 
oxidation explain the liraglutide-mediated alleviation of DbCM 
remains enigmatic. Thus, we hypothesized that the cardioprotec-
tive actions of liraglutide would be abolished in mice with T2D 
and a cardiac-specific deletion of pyruvate dehydrogenase (PDH; 
 PDHCardiac-/- mice), the rate-limiting enzyme of glucose oxidation.
Materials and methods: Male  PDHCardiac-/- mice and their myosin 
heavy chain-α Cre expressing littermates (αMHCCre mice) were sub-
jected to experimental T2D via 10-weeks of high-fat diet supplementa-
tion (60% kcal from lard; Research Diets D12492) with a single low-
dose injection of streptozotocin (75 mg/kg) provided at week 4. After 
the induction of experimental T2D, αMHCCre and  PDHCardiac-/- mice 
were randomized to treatment with either vehicle control (VC; saline) 
or liraglutide (30 μg/kg) twice daily during the final 2-weeks of the pro-
tocol, with cardiac function assessed via ultrasound echocardiography 
pre- and post-treatment.
Results: As expected, liraglutide treatment improved glucose home-
ostasis in both αMHCCre and  PDHCardiac-/- mice with T2D, but did 
not produce any notable weight loss with our selected dose. Further-
more, parameters of systolic function were unaffected by liraglutide 
treatment in both the αMHCCre and  PDHCardiac-/- mice with T2D. In 
contrast, treatment with liraglutide alleviated diastolic dysfunction in 
αMHCCre mice with T2D, as indicated by an increase and decrease in 
the e′/a′ ratio (1.63 vs. 1.32; p<0.05) and E/e′ ratio (25.25 vs. 31.52; 
p<0.05), respectively, when compared to VC-treated αMHCCre mice 
with T2D. Consistent with our hypothesis, liraglutide failed to rescue 
diastolic dysfunction in  PDHCardiac-/- mice with T2D, as evidenced by a 
lack of improvement in either the e′/a′ ratio (1.34 vs.1.24) or E/e′ ratio 
(30.46 vs. 31.29) relative to VC-treated  PDHCardiac-/- mice with T2D.
Conclusion: Our findings suggest that increases in myocardial glu-
cose oxidation are necessary for GLP-1R agonist-mediated improve-
ments of diastolic function in T2D. As such, strategies aimed at 
increasing PDH activity may represent a novel approach for the 
treatment of DbCM.
Supported by: This research was supported by a CIHR Project Grant 
and the Diabetes Canada End Diabetes Award.
Disclosure: J.S.F. Chan: None.
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Does the hypothalamus-pituitary-adrenal axis play a role in the 
difference in treatment response to GLP-1 receptor agonists in 
type 2 diabetes?
M. Boss1, S. Tokgöz1, T.J.P.  Jansen1, R.  Meijer2, C.  Frielink1, C.J. 
 Tack2, B.E. de  Galan2,3, M.  Gotthardt1;
1Medical Imaging, Radboudumc, Nijmegen, Netherlands, 2Internal 
Medicine, Radboudumc, Nijmegen, Netherlands, 3Internal Medicine, 
Maastricht University Medical Center, Maastricht, Netherlands.

Background and aims: Glucagon-like peptide-1 receptor agonists 
(GLP-1RA) are potent antidiabetic drugs for treatment of type 2 dia-
betes (T2D), but up to 20% of all individuals with T2D are partly or 
completely unresponsive to treatment with GLP-1RAs. Besides the 
insulinotropic effects on pancreatic beta cells, GLP-1RAs can stimu-
late the hypothalamic-pituitary-adrenal (HPA) axis, inducing cortisol 
secretion. Cortisol is pro-diabetogenic and is associated with weight 
gain and insulin resistance. We thus hypothesized that this effect 
could be at the root of unresponsiveness to GLP-1RA treatment. To 
investigate this, we used PET/CT imaging with a radiolabeled stable 
GLP-1 analogue  ([68Ga]Ga-NODAGA-exendin-4) to quantify GLP-1R 
expression in the pituitary of individuals with T2D with (responders) 
and without (non-responders) an adequate response to GLP-1RA treat-
ment and assessed the downstream effects on the HPA axis.
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Materials and methods: The responder and non-responder groups 
were defined based on the level of  HbA1c and weight loss after a max-
imum of one year of GLP-1RA treatment. Both responders (n=10) 
and non-responders (n=8) underwent an OGTT, HPA axis stimula-
tion test, 24h urine collection to assess baseline cortisol levels and 
a 1h dynamic PET/CT scan of the brain after infusion with 100±5 
MBq of  [68Ga]Ga-NODAGA-exendin-4. The maximum standardised 
uptake value  (SUVmax) of the PET scan was used to quantify GLP-1R 
expression.
Results: Our data showed tracer uptake in the pituitary in all individ-
uals with T2D, which did not significantly differ between responders 
and non-responders  (SUVmax 2.7±1.0 vs 3.2±1.3, p=0.41). However, 
when analysing the entire study population (n=18), we found sig-
nificant interindividual differences in pituitary GLP-1R expression 
 (25th vs  75th percentile of  SUVmax: 1.8±0.19 vs 4.5±0.75, p<0.001). 
No significant differences were observed in beta cell function (AUC 
C-peptide p=0.44; AUC C-peptide:AUC glucose ratio p=0.26) and hormones 
related to HPA axis stimulation (AUC ACTH p=0.47; AUC cortisol 
p=0.18) between responders and non-responders. Pituitary tracer 
uptake did not correlate to BMI  (R2=0.00053, p=0.93), beta cell 
function (AUC C-peptide  R2=0.074, p=0.32; AUC C-peptide:AUC glucose 
ratio  R2=0.051, p=0.42) and hormones related to the HPA axis (AUC 
ACTH  R2=0.10, p=0.23; AUC cortisol  R2=0.010, p=0.71).
Conclusion: Our data do not indicate a role of pituitary GLP-1R 
expression and HPA axis stimulation in the difference in treatment 
response to GLP-1RA among individuals with T2D. The origin of 
these differences in treatment response thus remains unclear. The sub-
stantial tracer uptake with significant interindividual differences that 
we observe does point to a potential role of GLP-1R in the pituitary, 
which requires further elucidation.

Clinical Trial Registration Number: NCT03923114
Supported by: ZonMW and Diabetes Fonds
Disclosure: M. Boss: None.

654
Efficacy and safety of GLP1RAs in liver-transplanted patients 
with diabetes: a 12 months follow up evaluation
V. Grancini, I. Cogliati, A. Gaglio, V. Resi, E. Orsi;
Fondazione IRCCS Ca’ Granda - Policlinico di Milano, Milan, Italy.

Background and aims: GLP1 Receptor agonists have become first line 
drugs for DM2 in the last years, due to their widely recognized benefi-
cial effects on glycemic control, their cardio-renal protection and their 
weight-loss action. However, consistent data about efficacy and safety 
in liver-transplanted patients are still lacking. The aim of our study is to 
assess the efficacy and safety of GLP1RAs in liver-transplanted patients 
with diabetes in a follow up period of 12 months.
Materials and methods: Among a population of individuals with 
diabetes and which underwent an orthotopic liver transplantation, 
we evaluated 39 patients before, 6 and 12 months after starting a 
GLP1RA-based therapy (dulaglutide or injectable semaglutide at 
the maximal tolerated dosage), as add on to metformin or insulin. 
We assessed glycemic control, body weight and composition (with 
bio-impedance analysis), liver fibrosis and steatosis (with transient 
elastography). Amylase, lipase levels and concomitant therapies were 
recorded at basal and follow up evaluations. Patients had an e-mail 
contact to report any adverse events as soon as they arose.
Results: We observed a statistically significant decrease in fasting 
blood glucose (from 7.92±2.2 to 6.79±1.47 to 6.99±1.4, p<0.01) and 
HbA1c (from 7.0±1.0 to 6.4±0.8 to 6.5±0.9 %, p<0.05). BMI and 
waist circumference showed a slight improvement, although with no 
statistical significance. We didn’t find any change in body composi-
tion parameters nor in data from elastography. The rate of adverse 
drug reactions was low and the symptoms reported didn’t require any 
medical measures: 15 patients (38.4%) reported a mild nausea at the 
first injections, but only 3 patients (7.69%) had to reduce the total 
drug dose due to gastrointestinal tolerance. None of the interrupted 
the treatment. No pancreatitis episodes were detected, amylase and 
lipase levels didn’t show a significant increase during the treatment 
period (despite concomitant therapy with calcineurin inhibitors). No 
adjustments in the immunosuppressant therapy were reported after 
GLP1RAs beginning. Among the 29 patients requiring insulin when 
a GLP1RA therapy was added on, 15 (51.7%) and 5 (17.2%) could, 
respectively, reduce or suspend insulin therapy.
Conclusion: GLP1RA-based therapy can be considered both safe and 
effective in a short-term follow up period in liver-transplanted patients. 
Further studies are needed to assess the effects of this drugs on long 
term complications in individuals with diabetes and liver transplantation, 
such as renal impairment, cardiovascular events and all-cause mortality.
Clinical Trial Registration Number: NCT02038517
Disclosure: V. Grancini: None.

655
Effect of exenatide once-weekly (QW) on the blood pressure and 
glycaemic responses to a mashed potato meal in type 2 diabetes: 
relationships to gastric emptying
L.Q. Huynh1, S.  Hatzinikolas1, R.J.  Jalleh1, C.S.  Marathe1, T.  Wu1, 
C.-H.  Malbert2, N.C.  Evans3, A.C.  Slavotinek1, K.  Lange1, C.K. 
 Rayner1, M.  Horowitz1, K.L.  Jones1;
1Adelaide Medical School, The University of Adelaide, Adelaide, 
Australia, 2Institut National de la Recherche Agronomique, Saint-
Gilles, France, 3I-MED Radiology, Brisbane, Australia.

Background and aims: Postprandial hypotension (PPH), a fall in 
blood pressure (BP) >20mmHg within 2h after a meal, occurs in 
20-40% of people with type 2 diabetes (T2D) and predisposes to syn-
cope and falls. There is currently no effective treatment. The magnitude 
of the postprandial fall in BP is greater when gastric emptying (GE) 
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is relatively more rapid; slowing GE with the ‘short-acting’ glucagon-
like peptide-1 (GLP-1) receptor agonist (RA), lixisenatide, markedly 
attenuates the fall in BP in both healthy older people and in T2D. The 
concept that ‘long-acting’, unlike ‘short-acting’, GLP-1RAs have little, 
or no, effect on GE, has recently been shown to be incorrect - chronic 
administration of liraglutide, ExQW and semaglutide sc all slow GE 
when measured using scintigraphy. Studies evaluating the effects of 
‘long-acting’ GLP-1RAs on BP have failed to discriminate between 
effects on fasting and postprandial BP. The aims of this study were to 
evaluate the effects of 8 weeks’ administration of ExQW on BP and 
GE after a mashed potato meal in T2D.
Materials and methods: Thirty two people with T2D (20 on a stable 
dose of metformin, 12 managed by diet alone) were enrolled in an 
8-week double-blind, placebo-controlled, parallel-group study. Par-
ticipants were randomised to receive either ExQW (2mg sc) (9M, 7F; 
mean age: 63.4±2.5yr; BMI: 31.2±0.9 kg/m2) or matching placebo 
(PLAC) (8M, 8F; mean age: 61.1±1.9yr; BMI: 32.6± 1.0kg/m2) once 
weekly for 8 weeks. Systolic blood pressure (SBP) and heart rate 
(HR), GE (scintigraphy), nausea (100mm visual analogue scale), and 
blood glucose were measured for 240 min after a mashed potato meal 
(65g powdered potato, 20g glucose and 250ml water) radiolabelled 
with 20MBq 99mTc-sulphur colloid, at baseline (V1) and at 8 weeks 
(V2). Data, analysed using ANCOVA and linear regression, are pre-
sented as means ± SEM. P<0.05 was considered significant.
Results: The studies were well-tolerated. Nausea scores were consist-
ently low and did not differ between ExQW and PLAC at baseline 
or after treatment. At V2, ExQW reduced the maximum fall in SBP 
(PLAC: -12.9±2.1 mmHg vs EXQW: -8.0±1.7 mmHg; P=0.04; Fig-
ure), slowed GE (50% emptying time: PLAC: 44.1±3.7 min vs EXQW: 
59.5±5.9 min; P=0.02), and attenuated the postprandial rise in blood 
glucose (iAUC0-240: P=0.006). The magnitude of the reduction in 
blood glucose at t=30 min from baseline to 8 weeks with ExQW was 
inversely related to the slowing of GE (e.g. at 30 min, r=-0.59, P=0.02).
Conclusion: In people with T2D, 8 weeks administration of the 
‘long-acting’ GLP-1RA, ExQW, reduces the postprandial fall in SBP 
and slows GE. Postprandial glucose-lowering is related to the slowing 
of GE. These findings have implications for the management of PPH 
in individuals with and without T2D.

Clinical Trial Registration Number: ACTRN: 12619000497101
Supported by: DART General Grant, Royal Adelaide Hospital Gum 
Bequest Grant
Disclosure: L.Q. Huynh: Grants; Diabetes Australia Research Trust 
(Y19G-JONK), Royal Adelaide Hospital, Gum Bequest.

656
Comparison of changes in the gut microbiota influenced by com-
binations of liraglutide with metformin and pioglitazone with 
metformin in overweight patients with diabetes
K. Moskva, O. Kikhtyak, L. Lapovets, F. Lanyush;
Danylo Halytsky Lviv State Medical University, Lviv, Ukraine.

Background and aims: In recent years, more and more scientists 
have begun to study the gut microbiota, but this topic remains unex-
plored. The effects of metformin on the gut microbiota are already 
being studied by a wide range of scientists, while GLP1-RA influ-
ence remains in the shadows. From the mechanism of action it is 
known that liraglutide affects the intestine and stomach, we decided 
to investigate the changes in the intestinal microbiota that accom-
pany the use of this drug. The aim of this study was to evaluate 
Firmicutes, Bacteroidetes, Actinobacteria, Firmicutes/Bacteroidetes 
ratio and Bacteroides fragilis group/Faecalibacterium prausnitzii 
ratio in naïve type 2 diabetic patients and after 6 month treatment.
Materials and methods: We examined 57 first diagnosed diabetic 
patients (31 women and 26 men) at the age of 55±8,2 years. After a 
preliminary examination, the patients were divided into two groups 
who were prescribed different treatment. 28 people received a combina-
tion of Liraglutide at a dose of 1.8 mg and metformin 2000 mg daily, 
while another group of 29 patients received pioglitazone 30 mg and 
metformin 2000 mg daily. After 6 months of stable treatment, patients 
were re-examined. There was analyzed the following data: BMI, fasting 
glucose, fasting insulin, HOMA-IR, HbA1c, also there were collected 
stool samples (by amplicon sequencing microbiota were analyzed).
Results: After treatment, all patients have reached normoglycemia. The 
results show a significant decrease of HbA1c decreased after treatment 
from 8.15±0.21 % to 6.98±0.23 %, P<0.05. After treatment HOMA-IR 
improved from 6.34±0.42 to 3.61±0.22 (P<0.05). Prior to initiation of 
treatment, the average levels of Firmicutes were 30.32 ±1. 32 %, Bacte-
roidetes 44.96±1.29 %, Actinobacteria 4.39±0.42 %, and other groups 
20.32±2.58 %, Firmicutes/Bacteroidetes ratio 0,67±0.09, Bacteroides fra-
gilis group/Faecalibacterium prausnitzii ratio 70±4.19. In the group that 
received pioglitazone in combination with metformin after 6 months, we 
noticed a decrease in Firmicutes to 21.12 ±1.1%, increase of Bacteroidetes 
growth 58.46±1.54 %, the levels of Actinobacteria have not changed much 
4.11±0.33 %, and a decrease in the number of other groups 16.24±1.18 
%, Firmicutes/Bacteroidetes ratio 0.47±0.03, Bacteroides fragilis group/
Faecalibacterium prausnitzii ratio 10±1.17. In the group that received 
liraglutide in combination with metformin after 6 months, we noticed a 
increase in Firmicutes to 49.15 ±4.1%, decrease of Bacteroidetes growth 
38.33±2.54%, the levels of Actinobacteria increase to 9.01±2.4 %, we 
noticed a decrease in the number of other groups 3.49±0.89 % and Firmi-
cutes/Bacteroidetes ratio 0.37±0.04, also highly increasing of Bacteroides 
fragilis group/Faecalibacterium prausnitzii ratio 120±4.17.
Conclusion: Our study shows for the first time that the GLP1-RA Lira-
glutide in combination with metformin can directly affect the composi-
tion of intestinal microbiota. We can assume that the slowdown in the 
passage of food in the intestine leads to a sharp increase in the number 
of Bacteroides fragilis group, which in turn dramatically increases the 
indicator Bacteroides fragilis group/Faecalibacterium prausnitzii ratio. 
Changes in the intestinal microbiota following the common treatment 
plan may be an additional means of analyzing the metabolic state
Disclosure: K. Moskva: None.
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Glucagon-like peptide-1 receptor agonists for diabetes treatment 
in solid organ transplant recipients: a case series of 30 patients 
from a tertiary centre
M.S. Serranito, J.O. Torres, A.A. Matias, N. Cunha, D. Martins, J. 
Silva-Nunes;
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Department of Endocrinology, Diabetes and Metabolism, Hospital 
Curry Cabral, Lisbon, Portugal.

Background and aims: Glucagon-Like Peptide-1 Receptor Agonists 
(GLP-1RA) are effective glucose-lowering drugs with cardiovascu-
lar (CV) and weight reduction benefits. They might be promising 
drugs for diabetes treatment in solid organ transplant (SOT) recipient 
patients, who have high CV risk and mortality. However, published 
experience regarding their use in pre- and post-transplant diabetes 
(PTD) treatment is scarce, especially in the liver transplant setting. 
There are concerns about potential side effects and compromised 
absorption of immunosuppressants due to delayed gastric emptying. 
This study aimed to evaluate the efficacy and safety of GLP-1RA 
use for diabetes treatment in SOT recipients, focusing on metabolic 
control, kidney function, adverse events and drug discontinuation.
Materials and methods: We considered SOT recipients with diabe-
tes treated with GLP-1RA and with at least one appointment between 
01/01/22 and 31/12/22. Data was collected before, 6, and 12 months 
after GLP-1RA initiation. Statistical analysis was performed using the 
SPSS Statistics V.27.0, with data presented as means and SDs or medi-
ans and IQRs for skewed distributions. Paired T-Test and Wilcoxon test 
were used for normal and non-normal data, respectively. The signifi-
cance level was set at 5%.
Results: We included 30 patients who initiated either dulaglutide, 
liraglutide or semaglutide, with equal distribution between sexes. 
Twenty patients had PTD. Sixteen patients had undergone liver 
transplant; 14 experienced renal transplant. Before GLP-1RA ini-
tiation, HbA1c was 7.35±1.06%, body weight was 90.8 kg (IQR 
16.6), total daily insulin dose (TDI) was 54 IU (IQR 28), systolic 
blood pressure (BP) was 141 mmHg (IQR 31), diastolic BP was 
88±11 mmHg, eGFR was 59±20 ml/min per 1.73  m2, and urine 
protein to creatinine ratio (UPCR) was 124 mg/g (IQR 716). GLP-
1RA were used for a median of 13 months (IQR 26). There was a 
significant reduction in HbA1c levels at 6 and 12 months, with a 
median decrease of -0.7% (p≤0.01) and a mean reduction of -1.0% 
(p=0.01), respectively. We also observed a significant decrease in 
TDI at 6 and 12 months, with a median reduction of -8 IU (p≤0.01) 
and -12 IU (p≤0.01), respectively. There was also a significant 
weight loss at 6 (-3.2 kg; p≤0.01) and 12 months (-4.2 kg; p≤0.01). 
Systolic BP was decreased by -12 mmHg at 12 months (95% CI: 
-23.9 to -0.2; p=0.05). Twelve patients reported significant side 
effects (10 experienced gastrointestinal intolerance, 1 patient on 
insulin therapy experienced severe hypoglycemia, and 1 had acute 
biliary pancreatitis) and 7 of them discontinued the medication.
Conclusion: This case series shows that GLP1-RA treatment in SOT 
recipients with diabetes is effective, improving metabolic control and 
reducing both daily insulin requirements and body weight. However, 
substantial adverse side effects were reported. Further studies with 
larger cohorts and longer follow-up will generate solid evidence on 
the impact of GLP1-RA use in the post-transplant setting regard-
ing its CV and renal benefits, potential harms, and interaction with 
immunosuppressant therapies.
Disclosure: M.S. Serranito: None.
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A randomised controlled open label trial examining the safety of 
label-recommended semaglutide 1mg dose escalation vs a slower 
and flexible titration regimen
R. Eldor1,2, N.  Avraham1,2, O.  Rosenberg1, M.  Shpigelman3, A. 
Golan-Cohen4,5, T. Cukierman-Yaffe6,7, E.  Merzon4,8, A.  Buch1,9;
1Diabetes Unit, Tel Aviv Sourasky Medical Center, Tel Aviv, Israel, 
2Tel-Aviv University, Tel Aviv, Israel, 3Clalit Health Services, Petah 
Tikva, Israel, 4Leumit HMO, Tel Aviv, Israel, 5Department of Family 
Medicine, Tel-Aviv University, Tel Aviv, Israel, 6Division of Endocri-
nology, Diabetes and Metabolism, Sheba Medical Centre, Ramat Gan, 
Israel, 7Herczeg Institute on Aging, Tel-Aviv University, Tel Aviv, 
Israel, 8Ariel University, Ariel, Israel, 9Department of Nutritional 
Sciences, Ariel University, Ariel, Israel.

Background and aims: Semaglutide is a potent weekly GLP-1 recep-
tor agonist approved for treating type 2 diabetes (T2DM). Treatment 
with semaglutide is associated with gastrointestinal adverse events 
(GI-AEs), especially during dose escalation, and often leads to treat-
ment discontinuation. In this study, we examined whether a slower 
flexible titration regimen vs. the regimen recommended in the sema-
glutide label will result in better adherence and reduce GI-AEs.
Materials and methods: Patients with T2DM were randomized to 
label-recommended titration of semaglutide (0.25mg/week for 4 weeks, 
0.5mg/week for 4 weeks, and 1mg/week from then on) or a slower, 
flexible titration and followed bi-weekly for 26 weeks. In the flexible 
regimen- the dose was determined by counting ‘clicks’ made by the 
dose selector dial. Semaglutide was started at 5 clicks (0.0675mg) and 
increased by 5 clicks/week (0.0675mg dose increase/week) until a dose 
of 1mg/week (74 clicks) was achieved. If GI-AEs occurred, patients 
were instructed to delay dose escalation until they resolve.
Results: 53 patients received semaglutide titrated per the label and 51 
received a flexible slower regimen. Treatment arms were similar at base-
line (age 58.2±9.9, 55 (52%) male, BMI 32.3±4.0,  HbA1c 7.93±1.67%). 
9 of 53 patients (17%) in the label arm and 1/51 (2%) in the flexible arm 
withdrew from the per-protocol titration regimen due to GI-AEs (Fig-
ure 1- Kaplan-Meier survival curve of the probability of adhering to per 
protocol treatment over time; log-rank p=0.005). Nausea and asthenia/
fatigue were reported by fewer patients in the flexible regimen (Nausea: 
Label, 34/53, 64.2% vs. Flexible, 23/51, 45.1%; p=0.051; Asthenia: 
13/53 24.5% vs 5/51, 9.8%; p=0.047 respectively). Patients in the flex-
ible arm had fewer days with nausea (2.88±5.12 vs. 6.3±8.75, p=0.017). 
Other GI-AEs,  HbA1c, and BMI at end of the 26-week follow-up were 
similar between the arms. The mean dose of semaglutide achieved in 
the label arm was lower than in the flexible arm (0.79±0.41 mg vs. 
0.93±0.19, p=0.03). Patients who adhered to the per-protocol titration 
in the label arm reached a dose of 1mg semaglutide after 56 days vs. 
113±25 days in the flexible arm.
Conclusion: A slower and more flexible titration regimen of sema-
glutide resulted in better adherence and fewer semaglutide-related 
adverse events without apparently affecting efficacy.
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Clinical Trial Registration Number: NCT04447859
Disclosure: R. Eldor: None.
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Changes in liver and abdominal fat in tirzepatide-treated patients 
achieving normoglycaemia in the SURPASS-3 MRI substudy
Á. Rodríguez1, K.  Cusi2, A.  Gastaldelli3, C.  Nicolay1, A. Torcello-
Gómez1, L. Fernández Landó1;
1Eli Lilly and Company, Indianapolis, IN, USA, 2Division of Endocri-
nology, Diabetes and Metabolism, The University of Florida, Florida, 
FL, USA, 3Institute of Clinical Physiology, CNR, Pisa, Italy.

Background and aims: Tirzepatide (TZP), a novel, once-weekly GIP/
GLP-1 receptor agonist, significantly reduced liver fat content (LFC) 
and volumes of visceral and abdominal subcutaneous adipose tissue 
(VAT and ASAT) vs insulin degludec in a subpopulation of patients in 
the SURPASS-3 phase 3 trial. This post-hoc analysis evaluated changes 
from baseline to Week 52 in these outcomes and other clinical and 
laboratory parameters in TZP-treated patients achieving or not achiev-
ing normoglycaemia  (HbA1c <39 mmol/mol [5.7%]) at Week 52.
Materials and methods: LFC, VAT and ASAT volumes were 
assessed with MRI prior to randomisation and at Week 52 in insulin-
naïve patients with type 2 diabetes inadequately controlled on met-
formin with/without sodium-glucose cotransporter 2 inhibitor (SGLT-
2i) and fatty liver index ≥60 at baseline. Analyses used pooled data 
from all TZP arms (5, 10 and 15 mg).
Results: Patients achieving  HbA1c <39 mmol/mol [5.7%] were 
slightly younger (mean age ± SD = 53.8 ± 8.2 years vs 57.7 ± 10.4 
years, respectively) and had lower baseline  HbA1c and VAT vs those 
not achieving  HbA1c <39 mmol/mol [5.7%] (Table). Substantial 
reductions in LFC, VAT and ASAT volumes, weight,  HbA1c and 
overall improvement in lipids profile were observed in both subsets 
of patients (Table). Among patients achieving  HbA1c <39 mmol/
mol [5.7%] and ≥39 mmol/mol [5.7%], respectively, 56% and 27% 
achieved LFC <6%, and 91% and 64% achieved ≥30% reduction in 
LFC.
Conclusion: In summary, in TZP-treated patients, changes in LFC, 
VAT and ASAT, and lipids were more pronounced in those achieving 
normoglycaemia.

Clinical Trial Registration Number: NCT03882970
Supported by: Eli Lilly and Company
Disclosure: Á. Rodríguez: Employment/Consultancy; Eli Lilly and 
Company. Stock/Shareholding; Eli Lilly and Company.

660
Safety and efficacy of tirzepatide for SURPASS-2 through -5 par-
ticipants ≥65 years old with BMI <30 kg/m2: a post hoc analysis
J. Wilding1, N.  Rasouli2, A.  Kwan3, J.  Paik3, M.  Liu4, J.  Peleshok3;
1Institute of Life Course and Medical Sciences, University of Liv-
erpool, Liverpool, UK, 2University of Colorado Denver School of 
Medicine, Denver, CO, USA, 3Eli Lilly and Company, Indianapolis, 
IN, USA, 4Tigermed-BDM Inc., Somerset, NJ, USA.

Background and aims: Tirzepatide (TZP) is a once weekly GIP/GLP-1 
receptor agonist approved as a treatment for adults with type 2 diabetes 
(T2D) and under investigation for chronic weight management. The Phase 
3 SURPASS-1-5 studies showed safety and efficacy of TZP in improve-
ment of glycaemic control and body weight (BW) reduction in adults with 
T2D who had a range of mean age 53-64 years (yrs), HbA1c 62.3-70.4 
mmol/mol (7.9-8.6%), and BMI 32-35 kg/m2 at baseline. The effects of 
TZP in older participants without obesity are unknown. The glycaemic 
lowering and BW reduction effects of TZP in adults ≥65 yrs with BMI 
<30 kg/m2 in SURPASS-2-5 were investigated in this post hoc analysis.
Materials and methods: Primary and key secondary endpoints were 
assessed at 40 weeks (SURPASS-2, -5) or 52 weeks (SURPASS-3, 
-4) in participants randomized to TZP 5, 10, or 15mg. Subgroup 
analysis (patients ≥65 yrs old with BMI <30 kg/m2) was done on 
the modified intent-to-treat population (all randomised patients who 
received ≥ 1 dose of study drug) and included data while on treatment 
with data after rescue medication censored (efficacy estimand). The 
changes in HbA1c and BW at endpoint with TZP 5, 10, and 15 mg 
in this subgroup were evaluated descriptively. Adverse events (AE) 
were also assessed.
Results: Baseline (BL) demographics of this subgroup included a 
range of mean age 68.8-71.6 yrs, weight 71.0-76.6kg, BMI 26.7-
27.9kg/m2, 35.0-72.2% were male, and 52.6-90.3% were White. 
Mean HbA1c reduction from BL for all TZP doses ranged from 18.8-
22.6mmol/mol (1.7-2.3%) from mean BLs of 63.0-70.3 mmol/mol. 
These reductions are similar to that previously reported for the full 
study population (21.1-28.3mmol/mol [1.9-2.6%]). Mean subgroup 
BW reductions from BL for all TZP doses ranged from 5.1-8.6kg 
(6.9-11.5%). Previously reported BW reductions for the full population 
ranged from 6.2-12.9 kg (6.6-13.9%). The most frequent AEs for the 
subgroup were gastrointestinal-related (GI), similar to that reported 
for the full study population. In participants treated with TZP in the 
subgroup, the aggregated rates per year for hypoglycaemic events with 
blood glucose <3.0 mmol/L (54 mg/dL) or severe hypoglycaemia were 
highest when used with insulin or sulphonylurea and ranged from 
0-0.70/yr, similar to that reported for the full study population.
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Conclusion: Participants ≥65 yrs old with BMI <30 kg/m2 treated 
with TZP experienced glycaemic and BW reductions. The most 
frequent AEs were GI in nature, an observation consistent with that 
of the overall study population. The risk of hypoglycaemia was not 
worsened in this subgroup. Overall, treatment with TZP resulted in 
glycaemic and weight improvements and without substantial dif-
ferences in tolerability in a population that may require special 
considerations due to increased comorbidities and disease burden.

Supported by: Eli Lilly
Disclosure: J. Wilding: Employment/Consultancy; AstraZeneca, 
Boehringer Ingelheim, Eli Lilly and Company, Napp, Novo Nor-
disk, Mundipharma, Rhythm Pharmaceuticals, Sanofi, Saniona, 
Tern, Shionogi & Ysopia. Grants; AstraZeneca, Novo Nordisk. 
Lecture/other fees; Boehringer Ingelheim, Janssen, Novo Nordisk, 
Napp, Rhythm, AstraZeneca.

661
Early weight loss and late metabolic outcomes in tirzepatide-
treated participants with type 2 diabetes
L.F. Van Gaal1, I.  Lingvay2, F.  Giorgino3, M.  Liu4, Á. Rodríguez5, 
A. Torcello-Gómez5, J. Kiljański5;
1Department of Endocrinology, Diabetology and Metabolism, Ant-
werp University Hospital, University of Antwerp, Antwerp, Bel-
gium, 2Department of Internal Medicine/Endocrinology and Peter 
O’Donnell Jr. School of Public Health, University of Texas South-
western Medical Center, Dallas, TX, USA, 3University of Bari Aldo 
Moro, Department of Precision and Regenerative Medicine and 
Ionian Area, Bari, Italy, 4Tigermed-BDM Inc., Somerset, NJ, USA, 
5Eli Lilly and Company, Indianapolis, IN, USA.

Background and aims: Tirzepatide (TZP), a novel, once-weekly 
GIP/GLP-1 receptor agonist, significantly improved glycaemic con-
trol with robust weight loss vs comparators in the SURPASS 1-5 
trials. The aim of this analysis was to assess whether the magnitude 
of early weight loss with TZP (<5% or ≥5% at Week 8) would be 
associated with different clinical response in terms of  HbA1c and 
weight at Week 40/42 across the SURPASS 1-5 trials.
Materials and methods: These phase 3 trials included participants 
with type 2 diabetes receiving TZP as monotherapy or add-on to 
background antihyperglycaemic medications. This post-hoc analysis 
used pooled data from all TZP arms (5, 10 and 15 mg) across trials.
Results: Baseline demographics and clinical characteristics were similar 
among participants achieving <5% (N=2856) and ≥5% (N=1265) early 
weight loss at Week 8 (mean age: 58.5 and 58.4 years, mean duration of 
diabetes: 9.4 and 9.2 years, respectively). Participants achieving ≥5% early 
weight loss at Week 8 had lower  HbA1c and weight at baseline, and expe-
rienced greater reductions in  HbA1c and weight at Week 40/42 vs those 
achieving <5% early weight loss (Table). Among participants achieving 
≥5% early weight loss, greater proportions met  HbA1c <7% (<53 mmol/
mol) and ≤6.5% (≤48 mmol/mol), ≥10% weight loss, and the composite 
endpoint of  HbA1c <7% (<53 mmol/mol) and ≥10% weight loss.
Conclusion: Conclusion: Early weight loss with TZP is associated 
with greater reductions of  HbA1c and weight at Week 40/42. However, 

even the one third of participants achieving <5% weight loss early in 
the course of therapy are likely to meet the ADA/EASD dual treat-
ment goals of  HbA1c <7% (<53 mmol/mol) and ≥10% weight loss.

Clinical Trial Registration Number: NCT03954834, NCT03987919, 
NCT03882970, NCT03730662, NCT04039503
Supported by: Eli Lilly and Company
Disclosure: L.F. Van Gaal: Grants; Merck & Co., Inc., sanofi-aventis. 
Lecture/other fees; Merck & Co., Inc., sanofi-aventis, Eli Lilly.

662
Glucagon-like peptide-1 receptor agonist-experienced adults with 
type 2 diabetes switching to once-weekly semaglutide: post hoc 
analysis of the real-world SURE programme
G. Rudofsky1, M.  Menzen2, L.  Potier3,4, A.-M.  Catarig5, A.  Clark5, 
P.  Priyadarshini6, C.  Abreu7;
1Kantonsspital, Olten, Switzerland, 2Gemeinschaftskrankenhaus, 
Bonn, Germany, 3Diabetology and endocrinology, APHP, Paris, 
France, 4Paris Cité University, Paris, France, 5Novo Nordisk A/S, 
Søborg, Denmark, 6Novo Nordisk, Bengaluru, India, 7Hospital Gen-
eral de Segovia, Segovia, Spain.

Background and aims: Retrospective database studies have shown 
that switching between some glucagon-like peptide-1 receptor ago-
nists (GLP-1RAs) may be associated with additional benefits on gly-
caemic control and body weight.
Materials and methods: This prospective post hoc analysis of pooled 
data from the SURE real-world programme, which comprised nine 
real-world studies of approximately 30 weeks’ duration conducted 
across 10 countries, investigated outcomes associated with switching 
to once-weekly (OW) semaglutide from another GLP-1RA in adults 
with type 2 diabetes (T2D). Endpoints included change in  HbA1c and 
body weight from baseline to end of study, percentage of patients 
achieving  HbA1c <7% (when baseline  HbA1c was ≥7%), body weight 
change ≥5%, and safety. For change in  HbA1c and body weight, a 
random coefficient-adjusted mixed analysis for repeated measures 
was used for the full analysis set. Safety data were collected either 
systematically or reported voluntarily, dependent on the study, and 
analysed using descriptive statistics.
Results: In total, 651 participants (mean age 60 years; 53% male) 
switched to OW semaglutide: 64% from liraglutide and 31% from 
dulaglutide. Significant changes from baseline were observed in 
 HbA1c and body weight (Figure). By end of study, 33% of partici-
pants with baseline  HbA1c ≥7% achieved an  HbA1c <7%, and 28% 
of participants had a ≥5% reduction in body weight. Overall, 20% of 
patients who switched to OW semaglutide reported adverse events 
(AEs), and 3% discontinued due to AEs. At least one hypoglycae-
mic episode with blood glucose <3 mmol/L was reported by 2% of 
participants; 8 of the 11 participants with a hypoglycaemic episode 
were using insulin.
Conclusion: In adults with T2D previously treated with GLP-1RAs, 
switching to OW semaglutide may provide additional benefits with 
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convenient OW dosing. In addition, no new safety signals were 
observed with switching to OW semaglutide.

Supported by: Novo Nordisk A/S
Disclosure: G. Rudofsky: Employment/Consultancy; advisor and 
speakers bureau of Novo Nordisk.

663
Saxagliptin in children and adolescents (age 10-17 years) with 
type 2 diabetes
P. Galassetti1, N.  Shehadeh2,3, N.  Iqbal1, C.  Stahre4, R.  Pandherpur5, 
J.  Monyak1, W.  Tamborlane6;
1AstraZeneca, Gaithersburg, MD, USA, 2Institute of Diabetes, Endo-
crinology and Metabolism, Rambam Health Care Campus, Haifa, 
Israel, 3Azrieli Faculty of Medicine, Bar-Ilan University, Safed, 
Israel, 4AstraZeneca, Gothenburg, Sweden, 5AstraZeneca, Bengaluru, 
India, 6School of Medicine, Department of Pediatrics, Yale Univer-
sity, New Haven, CT, USA.

Background and aims: Despite the global increase in the incidence 
of type 2 diabetes (T2D) in children and adolescents, the number of 
approved treatments is limited. The T2NOW study assesses the effi-
cacy and safety of saxagliptin (SAXA) or dapagliflozin (DAPA) in 
patients aged 10-17 years with T2D. In this abstract, we focus on the 
SAXA treatment arm (DAPA treatment arm is discussed in a separate 
abstract).
Materials and methods: This is a 26-week, Phase 3, randomised, 
double-blind, placebo-controlled trial with a 26-week extension period 
across 94 sites. Patients (N=245) aged 10-17 years with HbA1c 6.5-
10.5% (48-91 mmol/mol) (on metformin, insulin, or both) were ran-
domly assigned 1:1:1 to DAPA 5 mg (n=81), SAXA 2.5 mg (n=88) 
or PBO (n=76). Patients receiving active drug with HbA1c ≥7% (53 
mmol/mol) at Week 12 were further randomised 1:1 at Week 14 to 
continue their current dose or up-titrate to a higher dose of the same 
active treatment (DAPA 10 mg or SAXA 5 mg). Primary endpoint was 
change in HbA1c at Week 26 for DAPA (5 or 10 mg) or SAXA (2.5 or 
5 mg) vs PBO. Secondary endpoints included change in fasting plasma 
glucose and proportion of patients (HbA1c ≥7% (53 mmol/mol) at base-
line) achieving HbA1c <7.0% (53 mmol/mol) at Week 26. Safety was 
assessed throughout.
Results: At baseline in the SAXA and PBO groups, respectively, 
mean (SD) age was 14.5 (1.8) and 14.7 (1.6) years, HbA1c 8.02% 
(1.43) (64 [16] mmol/mol) and 7.96% (1.63) (63 [18] mmol/mol), 
duration of T2D 2.6 (2.2) and 2.5 (2.2) years and 60.2 and 57.9% of 
patients were female. Most patients were either White (SAXA 56.8%; 
PBO 42.1%) or Asian (SAXA 26.1%; PBO 31.6%) and were receiv-
ing metformin monotherapy (51.1%; 51.3%), followed by metformin 
plus insulin (35.2%; 38.2%) and then insulin monotherapy (13.6%; 
10.5%). Additional baseline data are shown in the table. Primary 
and secondary endpoints will be presented, alongside proportion of 
patients in each group experiencing adverse events (AEs), AEs leading 

to discontinuation, serious AEs, hypoglycemia and diabetic ketoaci-
dosis over 26 weeks.
Conclusion: The baseline demographic and diabetes characteristics are 
balanced and reasonably representative of the target population. There-
fore, the data from the study should provide a valid basis for establish-
ing the efficacy and safety of saxagliptin as add-on treatment in children 
and adolescents with T2D receiving metformin, insulin or both.

Clinical Trial Registration Number: NCT03199053
Supported by: AZ
Disclosure: P. Galassetti: Employment/Consultancy; AstraZeneca. 
Stock/Shareholding; AstraZeneca.
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Comparative effectiveness of GLP-1 receptor agonists vs DPP-4 
inhibitors in patients with type 2 diabetes and moderate/severe 
chronic kidney disease
K.R. Tuttle1,2, P.  Fioretto3, A.  Clark4, A.B.  Jensen5, N. Belmar 
 Nazal5, P.  Rossing6,7;
1Providence Health Care, Spokane, WA, USA, 2University of Wash-
ington, Seattle, WA, USA, 3University of Padova, Padova, Italy, 
4Novo Nordisk A/S, Bagsværd, Denmark, 5Novo Nordisk A/S, 
Søborg, Denmark, 6Steno Diabetes Center Copenhagen, Herlev, Den-
mark, 7University of Copenhagen, Copenhagen, Denmark.

Background and aims: The therapeutic options for patients with 
type 2 diabetes (T2D) and chronic kidney disease (CKD) are limited 
because low estimated glomerular filtration rate (eGFR) results in 
accumulation of many drugs and/or their metabolites. Glucagon-like 
peptide-1 receptor agonists (GLP-1RAs) are effective glucose- and 
body weight-lowering agents in patients with T2D and low eGFR; 
however, studies are lacking on their comparative effectiveness rela-
tive to other glucose-lowering agents in this population. Since dipep-
tidyl peptidase-4 inhibitors (DPP-4is) are widely used in patients with 
T2D and CKD, this analysis aims to evaluate the real-world effective-
ness of GLP-1RAs versus DPP-4is for glycaemic control and body 
weight reduction, in patients with T2D and moderate or severe CKD.
Materials and methods: In this active-comparator new-user cohort 
study, patients (age ≥18 years) with T2D and moderate or severe CKD 
(a recorded eGFR <60 mL/min/1.73  m2 within 1 year prior to ini-
tiation of study drug) who initiated a GLP-1RA or DPP-4i between 
2007 and 2022 and had a second prescription within 90 days, were 
identified in the Clinical Practice Research Datalink Aurum database. 
Included patients were propensity score matched 1:1 across treatment 
groups. A mixed model with repeated measures using baseline level 
and all available follow-up measurements was used to estimate the 
6-month absolute differences and changes in  HbA1c and body weight, 
in an intention-to-treat-like analysis. Secondary outcomes included the 
proportions of patients achieving  HbA1c <7.0% (among patients with 
baseline  HbA1c ≥7%) and a body weight reduction >5%.
Results: This analysis included 1,650 GLP-1RA-initiators (mean age, 
67.1 years; 51% men; mean eGFR, 48.6 mL/min/1.73  m2; mean  HbA1c, 
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9.1%; mean body weight, 106.5 kg) matched to 1,650 DPP-4i-initiators 
(mean age, 66.7 years; 50% men; mean eGFR, 48.6 mL/min/1.73  m2; 
mean  HbA1c, 9.1%; mean body weight, 106.2 kg). The most commonly 
initiated GLP-1RAs were exenatide (n=422) and liraglutide (n=419); the 
most commonly initiated DPP-4is were linagliptin (n=643) and sitagliptin 
(n=563). At 6 months, GLP-1RA treatment was associated with a sig-
nificantly larger reduction in  HbA1c vs DPP-4i (-1.10%-point [95% CI: 
-1.19;-1.00] vs -0.95%-point [95% CI: -1.04;-0.85]; estimated treatment 
difference (ETD) -0.15%-point [95% CI: -0.28;-0.02]; p<0.05). Among 
patients with baseline  HbA1c ≥7%, 26.5% and 24.8% achieved  HbA1c 
<7.0% with GLP-1RAs and DPP-4is, respectively. Mean body weight 
reduction was also significantly larger in patients receiving GLP-1RAs vs 
DPP-4is (-4.71 kg [95% CI: -5.10;-4.32] vs -1.79 kg [95% CI: -2.21;-1.36]; 
ETD -2.93 kg [95% CI: -3.50;-2.35]; p<0.001); a body weight reduction 
>5% was observed in 41.2% and 19.5% of GLP-1RA- and DPP-4i-treated 
patients, respectively.
Conclusion: GLP-1RAs are associated with significantly larger reduc-
tions in  HbA1c and body weight compared with DPP-4is in patients with 
T2D and moderate or severe CKD. GLP-1RAs may be preferred for 
managing hyperglycaemia and body weight outcomes in this population.
Supported by: Novo Nordisk A/S
Disclosure: K.R. Tuttle: Employment/Consultancy; Eli Lilly, Novo 
Nordisk, Boehringer Ingelheim, Bayer. Grants; NIH - NIMHD, NIDDK, 
NHLBI, NCATS, CDC, Travere. Honorarium; Novo Nordisk, Bayer.
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Improved BMI category is associated with better patient-reported 
outcomes in adults with type 2 diabetes treated with tirzepatide
V. Thieu, C.J. Lee, K. Boye, S. Allen, W. Dong, H. Sapin;
Eli Lilly & Company, Indianapolis, IN, USA.

Background and aims: Treatment with tirzepatide, a first-in-class 
glucose-dependent insulinotropic polypeptide/glucagon-like pep-
tide-1 receptor agonist, resulted in statistically and meaningfully 
reduced  HbA1c, and substantially reduced weight, in adults with type 
2 diabetes (T2D) in the Phase 3 SURPASS studies. We explored the 
association between shift in BMI category and patient-reported out-
comes (PROs) in adults treated with tirzepatide 5, 10 or 15 mg in 
SURPASS-1 to -5.
Materials and methods: Data from all SURPASS-1 to -5 tirzepatide-
treated participants with non-missing BMI were pooled regardless of 
tirzepatide dose assigned. Participants with ‘improved’ (≥1 category 
lower vs baseline), ‘stable’ or ‘worsened’ (≥1 category higher vs base-
line) BMI category at endpoint were assessed using weight-related PRO 
instruments at baseline and endpoint - Impact of Weight on Self-Percep-
tions (IW-SP), Impact of Weight on Quality of Life-Lite-Clinical Trials 
(IWQOL-Lite-CT) and Ability to Perform Physical Activities of Daily 
Living (APPADL).
Results: All PRO scores were greater at endpoint than at baseline for 
tirzepatide-treated participants with ‘improved’ or ‘stable’ BMI cat-
egory (Table). Changes were numerically greater across all PROs for 
participants with ‘improved’ BMI category compared with those whose 
BMI category remained ‘stable’ or ‘worsened’.
Conclusion: Improvements in PRO scores were greater in tirzepatide-
treated adults with T2D who shifted to an improved BMI category com-
pared to those who shifted to an unimproved BMI category.

Disclosure: V. Thieu: None.
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Semaglutide therapy resulted in significant sustained reduction 
in blood glucose and weight over three years in patients with type 
2 diabetes in a real world setting
C. Melzer-Cohen1, A.  Aharonovich2, L.  Bourvine2, S.  Gazit1, A. 
 Karasik1;
1Institute of research and innovation, Maccabi Health Services, Tel 
Aviv, Israel, 2Novo Nordisk, Kfar Saba, Israel.

Background and aims: The efficacy of once weekly semaglutide 
for the treatment of type 2 diabetes (T2D) has been demonstrated in 
RCTs. Long term, large scale real-world data are needed. The aim of 
this study was to examine the effect of s.c. semaglutide on HbA1c and 
weight reduction in a large cohort of patients treated for up to 3 years.
Materials and methods: Data originated from Maccabi - the sec-
ond largest health maintenance organization in Israel. Adult patients 
from diabetes registry, who redeemed at least one prescription for s.c. 
semaglutide and had one HbA1c measurement 12 months before and 
6±3 month after initiation of therapy were included. They were evalu-
ated for changes in HbA1c, weight and other metabolic parameters 
for up for up to 3 years. Data were analyzed both as intent-to-treat 
(ITT) and until end of the first continuous exposure to a study drug 
(as treated -AT). Proportion of days covered (PDC) in the first 180 
days was used to estimate treatment adherence.
Results: 23442 patients initiated treatment with s.c. semaglutide dur-
ing study period and fulfilled inclusion criteria. The mean age was 
62.2 years ( [SD]: 10.6), mean weight was 94.1 kg (17.6), mean BMI 
was 33.7 kg/m2 (5.5), mean HbA1c was 7.6 % (1.5) and 49.1% of 
patients were females. Prior to semaglutide 29.8% of patients were 
treated with insulin and 30.7% were treated with another GLP-1 
RA. The PDC within the first 6 months was over 60% among 75% 
of patients. In ITT analysis HbA1c was reduced by 0.77% (1.27) 
(p<0.001) to a mean of 6.82 % (1.26), body weight was reduced by 
4.7 kg (5.7) (p<0.001) to a mean of 89.7 kg (17.4). The decrease in 
HbA1c and weight was more pronounced among GLP-1 RA naive, 
than in GLP-1RA experienced patients: HbA1c: -0.87% (1.29) vs 
-0.54% (1.19); weight: -5.51 kg (5.95) vs -3.01 kg (4.68) respectively 
(p<0.001 for between groups difference for both outcomes). Reduc-
tions in both HbA1c and weight were greater in patients with PDC≥ 
60% compared to those below 60% (p<0.001 for between groups dif-
ference for both outcomes). Median (95% CI) time for treatment dis-
continuation was 18.0 months (17.7-18.3). Mixed models for repeated 
measures were used to describe the change in HbA1c (Figure panel 
a) and weight (b) over time. Reductions in both parameters were 
maintained over 3 years in the ITT analysis. This durable pattern of 
the reduction in both HbA1c and weight was even more evident in 
the AT analysis.
Conclusion: Treatment with s.c. semaglutide in a large and diverse 
cohort of patients with T2D resulted in a clinically relevant improve-
ment in glycemic control and weight reduction after 180 days of 
therapy comparable with those observed in RCTs. These effects were 
sustained for up to 3 years supporting the use of s.c. semaglutide for 
the long-term management of T2D.Figure: Changes in (a) HbA1c (%) 
and (b) body weight (kg) in patients initiated treatment with semaglu-
tide (ITT) for up to 36 months by PDC (%). *,# p<0.05

Supported by: Novo Nordisk Support
Disclosure: C. Melzer-Cohen: Grants; Financial support.

667
Trends in use of incretin-based medications among adults with 
type 2 diabetes: a nationwide cohort study
E. Patorno1, H.  Tesfaye1, E.  D`Andrea1, D.J.  Wexler2, A.  Kutz1;
1Department of Medicine, Brigham and Women`s Hospital, Boston, MA, 
USA, 2Diabetes Center, Massachusetts General Hospital, Boston, MA, 
USA.

Background and aims: In recent years, novel therapeutic 
approaches for enhancing incretin action - including oral and inject-
able glucagon-like peptide 1 receptor agonists (GLP-1 RA) - have 
entered the market. However, little is known about current patterns 
of incretin-based medication use among people with type 2 diabetes 
in clinical practice. We therefore evaluated trends in use of incretin-
based medications and assessed predictors of initiation of specific 
incretin-based agents.
Materials and methods: Using a large U.S. health insurance data-
base (Optum`s Clinformatics Data Mart), we conducted a retrospective 
cohort study including 1,065,592 adult patients with type 2 diabetes 
who were prevalent or incident users of incretin-based medications 
(oral [semaglutide], injectable GLP-1RA, or dipeptidyl peptidase 
4 inhibitors [DPP-4i]) between 2018 and the first quarter of 2022 
(2022Q1). Quarterly trends in use of incretin-based medications 
were plotted overall and stratified by cardiovascular disease (CVD) 
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and chronic kidney disease (CKD). Multinomial logistic regressions 
were fit to estimate predictors of initiation of specific incretin-based 
medications.
Results: While DPP-4i was the most frequently used incretin-based 
medication in 2018Q1 (62.4% among users of incretin-based medi-
cations with type 2 diabetes), its percentage decreased to 38.7% in 
2022Q1. During the same time, the percentage of injectable GLP-
1RA users increased from 37.6% to 56.6%. Users of oral sema-
glutide were first observed in 2019Q4 and accounted for 4.7% of 
incretin users in 2022Q1. Among users of GLP-1RA, there was a 
decrease in users of liraglutide (from 44.2% in 2018Q1 to 10.0% 
in 2022Q1) and exenatide (15.0% to 3.8%), but an increase in users 
of injectable semaglutide (0.0% to 33.7%), dulaglutide (35.2 to 
42.1%), and oral semaglutide (0.0% [2019Q4] to 7.7%). Among 
oral users of incretin-based medications, sitagliptin was the most 
frequently used agent over the entire study time (from 62.0% to 
49.5%). While percentages for linagliptin and saxagliptin users 
decreased over time, oral semaglutide showed the largest increase 
(from 0.2% in 2019Q4 to 23.1% in 2022Q1). Trends were similar 
when we restricted the analyses to incident users of injectable or 
oral incretin-based medications. When compared with initiators 
of DPP-4i, those initiating injectable or oral GLP-1RA were more 
likely to be obese (injectable: odds ratio [OR] 1.64, 95% confi-
dence interval [CI], 1.61 to 1.68; oral: OR 1.54, 95% CI, 1.46 to 
1.63) and seen by an endocrinologist (OR 1.46, 95% CI, 1.41 to 
1.51; OR 1.18, 95% CI, 1.08 to 1.3) but less likely to have prevalent 
CKD (OR 0.86, 95% CI, 0.83 to 0.89; OR 0.81, 95% CI, 0.74 to 
0.90) or dementia (OR 0.66, 95% CI, 0.62 to 0.71; OR 0.51, 95% 
CI, 0.39 to 0.67).
Conclusion: Among adult patients with type 2 diabetes, there was a 
switch in the likelihood of receiving DDP-4i (more frequently pre-
scribed in earlier years) to GLP-1RA (more frequently prescribed in 
recent years). While the use of oral semaglutide increased in recent 
years, injectable GLP-1RA are still the preferred incretin-based 
treatment.
Disclosure: E. Patorno: Grants; Research grant (5U01FD007213) 
from the Food and Drug Administration, Grant (DB-2020C2-20326) 
from the Patient Centered Outcomes Research Institute, career devel-
opment grant (K08AG055670) from the National Institute on Aging.

668
Clinical outcomes associated with the use of oral semaglutide in 
an adult population with type 2 diabetes in Canada: a prospective 
real-world study (PIONEER REAL Canada)
S.M. Reichert1, H.  Amadid2, U.C.  Braae2, R.M.  Bradley3, J.  Kim4, 
V.  Soo5, J.-F.  Yale6, A.  Jain7;
1Department of Family Medicine and Centre for Studies in Fam-
ily Medicine, Schulich School of Medicine & Dentistry, Western 

University, London, ON, Canada, 2Novo Nordisk A/S, Søborg, Den-
mark, 3Novo Nordisk Inc., Mississauga, ON, Canada, 4Department 
of Family Medicine, University of Calgary, Calgary, AB, Canada, 
5Department of Family Medicine, Western University, London, ON, 
Canada, 6McGill University Health Centre, McGill University, Mon-
tréal, QC, Canada, 7Division of Endocrinology and Metabolism, Uni-
versity of British Columbia, Vancouver, BC, Canada.

Background and aims: In the phase 3a PIONEER programme, 
oral semaglutide demonstrated superiority versus most compara-
tors for reductions in  HbA1c and body weight (BW). PIONEER 
REAL Canada is part of the PIONEER REAL programme, which 
comprises 13 non-interventional real-world studies in multiple 
countries and is investigating clinical outcomes associated with 
once-daily oral semaglutide use in routine clinical practice in 
adults with type 2 diabetes (T2D).
Materials and methods:  PIONEER REAL Canada was a 
34─44-week, multicentre, prospective, open-label, non-inter-
ventional, single-armed, phase 4 study in adults with T2D 
naive to injectable glucose-lowering medication, initiated on 
oral semaglutide in routine clinical practice. Changes in  HbA1c 
(primary endpoint) and BW (secondary endpoint) were assessed 
from baseline (BL) to week 38.  HbA1c and weight-loss targets, 
and treatment satisfaction assessed using Diabetes Treatment 
Satisfaction Questionnaires (DTSQ status and change; second-
ary endpoints) were assessed from BL to end of study (EOS; 
visit between weeks 34─44). Analyses were based on the in-trial 
observation period.
Results: Of 182 participants (pts) initiating oral semaglutide, 171 
(94%) completed the study and 137 (75.3%) remained on treat-
ment with oral semaglutide at EOS. At BL, pts had a mean (SD) 
age of 58.6 (10.92) years,  HbA1c of 8.0 (1.36) % and BW of 93.7 
(22.72) kg; 19.7% of pts had  HbA1c <7%, and 70.3% of pts were 
receiving concomitant glucose-lowering medications.  HbA1c and 
BW were significantly reduced from BL to week 38 (estimated 
mean change [95% CI] ─1.1%-points [─1.24, ─0.94; Figure 1A] 
and ─7.2% [─8.24, ─6.11], respectively; both p<0.0001). At 
EOS, 53.7% of pts had an  HbA1c <7%, while an  HbA1c reduc-
tion ≥1% plus BW reduction ≥3% or ≥5% was reached by 39.3% 
and 31.6% of pts, respectively (Figure 1B). Pts reported a sig-
nificant improvement in treatment satisfaction (estimated mean 
[95% CI] increase in DTSQ status, 4.2 points [3.18, 5.25] from 
BL to EOS; DTSQ change, 11.8 points [10.64, 12.91] at EOS; 
both p<0.0001). No new safety concerns were identified for oral 
semaglutide.
Conclusion: In the PIONEER REAL Canada study assessing 
oral semaglutide treatment in routine clinical practice, clinically 
and statistically significant reductions in  HbA1c and BW were 
reported, with improved treatment satisfaction in a real-world 
setting.
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Clinical Trial Registration Number: NCT04559815
Supported by: Novo Nordisk A/S
Disclosure: S.M. Reichert: Employment/Consultancy; Bayer, Novo 
Nordisk, AstraZeneca, Sanofi, Abbott, Eli Lilly, Boehringer Ingelheim, 
Janssen, Sanofi. Grants; Abbott, CIHR, Novo Nordisk, Western Uni-
versity. Honorarium; AstraZeneca, Novo Nordisk, Sanofi, Eli Lilly, 
Boehringer Ingelheim, Janssen, Medscape, MD Briefcase, Western 
University, CCRN.

669
Remission of type 2 diabetes with the oral combo semaglutide + 
dapagliflozin
M.E. Lunati1, V.  Cimino2, E.  Lazzaroni1, L.  Montefusco1, I.  Pastore1, 
P.S.  Morpurgo1, A.  Gandolfi1, C.  Tinari1, A.  Rossi1, G.  Zuccotti3, P. 
 Fiorina1,4;
1Endocrinology Unit, ASST FatebeneFratelli-Sacco, Milan, Italy, 
2Department of Biomedical and Clinical Sciences L. Sacco Endo-
crinology and Diabetology, Pio Albergo Trivulzio, Milan, Italy, 
3Department of Pediatrics, “V. Buzzi” Children’s Hospital, ASST 
FBF-Sacco, Milan, Italy, 4Nephrology Division, Boston Children’s 
Hospital, Boston, MA, USA.

Background and aims: Glucagon-like peptide-1 receptor agonist (GLP-
1RA) and a sodium-glucose co-transporter-2 inhibitor (SGLT2i) improve 
glycometabolic outcomes. However, the effect of the combination ther-
apy has been poorly studied, particularly in the real world setting.
Materials and methods: This is a prospective, real-world, multicenter 
study, aimed to analyze the efficacy of the combination SGLT2i/GLP1RA 
as compared to SGLT2i alone as an add on therapy. We enrolled the 
clinical outcomes of 523 patients with type 2 diabetes (T2D) that started 
an oral Semaglutide/Dapagliflozin combination therapy as compared to 
415 patients treated with Dapagliflozin alone in a 6-months follow-up.
Results: 523 patients with T2D (mean age 62.4±7.5 years, F/M 
250/273) started oral Semaglutide/Dapagliflozin combination ther-
apy (mean dosage: oral Semaglutide 12.7±2.7 mg/day; Dapagliflo-
zin 10±0.0 mg/day) as add-on therapy to Metformin in 38.6% and 
insulin treatment in 2.1% of subjects. 415 patients with T2D (mean 
age 67.1±10.1 years, F/M 155/260) started Dapagliflozin alone (mean 
dosage 10. 0±0.0 mg/day), added to Metformin in 76.8%, insulin treat-
ment in 13% and other antidiabetic drugs in 6% (i.e. 1.7% Sulfonylu-
reas, 4.3% Pioglitazone). Overall, at baseline arterial hypertension and 
dyslipidemia affected, respectively, 66% and 50% of patients, while 
cardiovascular events occurred in 16% of subjects. After 6-months of 
follow-up, the combination therapy oral Semaglutide/Dapagliflozin was 
associated with a greater reduction of HbA1c (-1.1±0.7 vs. -0.5±0.6%, 
P<0.001), BMI (-1.5±1.2 vs. -0.9±0.9 Kg/m2, P<0.001) and FPG 
(-32.5±29.2 vs. -15.2±29.4 mg/dL). Combination therapy permitted 
the achievement of HbA1c ≤7.0% in 77.8%, ≤6.5% in 51% and ≤6.0% 
in 13.5% of patients, compared, respectively, to 48.1%, 24.8% and 
7.9% observed in the Dapagliflozin group. Combination therapy did 
not increase the incidence of severe hypoglycaemia. Overall, EGFR 
values remains stable over time (baseline vs. 6 months: 75.1±24.2 vs. 
74.2±30.7 ml/min, ns), while ACR values significantly decreased in 
both groups (Combination therapy vs Dapagliflozin: -18.9±43,3 vs 
-13.2±43.2 mg/gr, ns), thus improving KDIGO renal risk assessment.
Conclusion: GLP-1RA/SGLT2i oral combination therapy drastically 
improves glycometabolic outcomes, achieving diabetes remission in 
51% of patients, without increasing hypoglicemic risk. Furthermore, 
a benefit on renal function is simultaneously observed.
Disclosure: M.E. Lunati: None.

670
Safety profile of once-weekly subcutaneous semaglutide in a real-
world adult population with type 2 diabetes
J.-F. Yale1, A. Major-Pedersen2, A.-M.  Catarig3, R.G.  Jain4, M. 
 Menzen5, P.  Holmes6;
1McGill University Health Centre, Montreal, QC, Canada, 2Global 
Safety, Novo Nordisk A/S, Søborg, Denmark, 3Novo Nordisk A/S, 
Søborg, Denmark, 4Biostatistics, Novo Nordisk Service Centre Private 
Ltd, Mindcomp Tech Park, IInd Phase, EPIP Area Whitefield, Banga-
lore, India, 5Innere Medizin - Diabetologie, Gemeinschaftskrankenhaus 
Bonn, Bonn, Germany, 6St George’s Medical Practice, Yarm Road, 
Darlington, UK.
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Background and aims: Safety data from real-world (RW) studies 
complement safety profiles from randomised clinical trials (RCTs). 
This post-hoc analysis of pooled data from nine global non-interven-
tional studies (SURE programme: Canada, Denmark/Sweden, France, 
Germany, Italy, the Netherlands, Switzerland, Spain and the UK; ~30 
weeks’ duration) investigated the safety of once-weekly (OW) semaglu-
tide prescribed to adults with type 2 diabetes (T2D) in routine clinical 
practice.
Materials and methods: All adverse events (AEs) reported by site 
physicians were coded using the appropriate version of the Medical 
Dictionary for Regulatory Activities and were analysed overall, 
by patient subgroup and by medical speciality, using descriptive 
statistics. All level 2 and 3 hypoglycaemic episodes were recorded.
Results: In total, 3,505 SURE patients were included (mean baseline 
 HbA1c 8.1%, BMI 34.9 kg/m2, and T2D duration 11.4 years). The most 
common physician-reported reasons to initiate semaglutide treatment 
were to improve glycaemic control (82.9%), weight reduction (77.9%) 
and address cardiovascular risk factors (30.7%). Overall, 24.3% of 
patients reported AEs (Table 1). The most commonly reported AEs by 
system organ class (SOC) were gastrointestinal disorders (16.3% [8.5% 
nausea; 4.4% diarrhoea; 2.7% vomiting]). Infections and infestations, 
and metabolism and nutrition disorders were reported in 2.9% and 2.8% 
of patients, respectively. Most AEs were non-serious. The most reported 
serious AEs by SOC were cardiac disorders (0.7%) and infections and 
infestations (0.7%). Forty (1.1%) patients reported level 2 hypoglycae-
mia and three (0.1%) reported level 3 hypoglycaemia. Level 2 hypogly-
caemia occurred in 2.4%, 2.1%, 0.6%, and 0.3% of patients receiving 
insulin, insulin + sulphonylureas (SU)/meglitinides, SU/meglitinides, 
and patients not receiving insulin or SU/meglitinides, respectively, at 
baseline; and in 2.6%, 2.1% and 2.1% of patients with retinopathy, neu-
ropathy, and nephropathy, respectively, compared with 0.9%, 0.9% and 
1.0% of patients without these microvascular complications. Level 3 
hypoglycaemia occurred in 0.2% of patients receiving insulin and those 
receiving SU/meglitinides at baseline; no episodes occurred in those 
receiving insulin + SU/meglitinides or patients not receiving insulin 
or SU/meglitinides.
Conclusion: No new safety concerns were observed with OW sema-
glutide prescribed per local practice in this large, diverse, RW popula-
tion with T2D; the overall safety profile was consistent with observa-
tions in phase 3 OW semaglutide RCTs.

Supported by: Funded by Novo Nordisk
Disclosure: J. Yale: Grants; Novo Nordisk. Lecture/other fees; Novo 
Nordisk.
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Impact of GLP-1 receptor agonist compared to basal insulin start 
on metabolic targets in patients living with type 2 diabetes and 
chronic kidney disease (Impact GLP-1 CKD)
Y. Ming1, R.  Bradley2, P.  Auerbach2, A.  Abitbol1;
1LMC Healthcare/Centricity Research, Toronto, ON, Canada, 2Novo 
Nordisk Canada, Mississauga, ON, Canada.

Background and aims: Despite the multitude of therapeutic 
strategies to reduce the progression of renal dysfunction, around 
1.2 million people die annually from end-stage kidney disease 
worldwide. In Canada, 1 out of 10 Canadians has chronic kidney 
disease, representing about 4 million people. The leading cause of 
chronic kidney disease (CKD) is type 2 diabetes (T2D). The aim 
of this study is to compare the effectiveness of adding a GLP-1 
receptor agonist (GLP-1RA) compared with adding basal insulin 
amongst a propensity-score match group of people affected with 
T2D and CKD, already treated with an SGLT2i and not currently 
reaching target glycemic control.
Materials and methods: All sociodemographic information and 
clinical variables were analysed from the LMC Diabetes Registry, 
which represents the accumulated health records data of LMC 
Healthcare, comprised of about 60 endocrinologists supported by 
a multidisciplinary team of healthcare professionals in 12 regional 
Centres of Excellence in 3 Canadian provinces. 548 participants 
affected with T2D and CKD, on an SGLT2i for at least 6 months, 
eGFR ≥ 15, and  HbA1C ≥ 7.5% were started on either a GLP-1RA 
or basal insulin between January 2019 and September 2022. Using 
a logistic regression model, 174 participants initiating GLP-1RA 
were propensity score matched to 174 participants initiating basal 
insulin.
Results: A significantly greater reduction in  HbA1C from baseline 
to follow-up (26-to-52 weeks) was observed for participants in 
the GLP-1RA group compared to those in the basal insulin group 
(-0.78±0.10% vs. -0.44±0.09%, p<0.001, figure). Urinary albu-
min to creatinine ratio was significantly lower at follow-up for 
participants in the GLP-1RA group compared to the basal insulin 
group (14.8±3.0 vs. 23.0±3.9mg/mmol, p=0.013). There were no 
significant differences observed at follow-up for eGFR or body 
mass index, although there were a large proportion of missing 
variables for body weight measurement due to the COVID-19 
pandemic leading to a predominance of virtual healthcare visits 
in Canada during the study period for the entire cohort (49.4% 
missing). Once-weekly subcutaneous semaglutide was initiated 
in 84.1%, dulaglutide in 8.0%, liraglutide in 4.6%, and once-daily 
oral semaglutide in 2.3% of participants in the GLP-1RA group. 
Glargine U-100 was initiated in 48.9%, degludec U-100 or U-200 
in 37.9%, glargine U-300 in 11.5%, and detemir in 1.7% of par-
ticipants in the basal insulin group. 14.4% of participants in GLP-
1RA compared with 25.3% in the basal insulin group discontinued 
therapy during the follow-up period (p=0.015).
Conclusion: This study demonstrates superior reductions in  HbA1C 
and urinary microalbumin and better adherence to therapy amongst a 
propensity-score matched group of participants initiating a GLP-1RA 
with T2D and CKD on a background of SGLT2i therapy compared to 
a group initiating basal insulin.
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Eating behaviour and HbA1c-lowering effects of GLP-1 receptor 
agonists in Japanese individuals with type 2 diabetes: a multicen-
tre, prospective, observational study
Y. Koide1,2, T.  Kato1, S.  Kubota1, M.  Sakai1, Y.  Takahashi1, K. 
 Takao1, M.  Mizuno1, T.  Hirota1, Y.  Horikawa1, K.  Nishimura3, M. 
 Hayashi2, H.  Daido4, E.  Kuroda5, T.  Maruyama5, D.  Yabe1;
1Departments of Diabetes, Endocrinology and Metabolism/Rheu-
matology and Clinical Immunology, Gifu University Graduate 
School of Medicine, Gifu, Japan, 2Matsunami General Hospital, 
Gifu, Japan, 3Division of Metabolism and Clinical Nutrition, Gifu 
University Hospital, Gifu, Japan, 4Gifu Prefectural General Medical 
Center, Gifu, Japan, 5Gifu Municipal Hospital, Gifu, Japan.

Background and aims: Eating behavior of type 2 diabetes patients 
might well disturb the therapeutic effects GLP-1 receptor agonist 
(GLP-1RA) treatment. To evaluate the relationship between GLP-
1RA action on HbA1c and body weight with eating behavior, a 
multicenter, prospective, observational study was conducted in 
Japanese type 2 diabetes patients beginning GLP-1RA therapy.
Materials and methods: The participants received two questionnaires: 
the Dutch Eating Behavior Questionnaire (DEBQ) and the Food Fre-
quency Questionnaire (FFQg); blood tests and anthropometric meas-
urements were taken before and 3 months after initiation of GLP-1RA. 
The DEBQ includes 33 questions regarding External, Emotional, and 
Restrained Eating behaviors, i.e., eating prompted by external stimuli 
such as smell and appearance or social considerations such as time 
of day, eating prompted by emotions such as anxiety, depression, and 
boredom, and eating prompted by health consideration, respectively. 
The FFQg assesses intake of macronutrients.
Results: A total of 61 individuals (age 59.0±13.8 years) were ana-
lyzed; the duration of diabetes was 13.3±12.7 years and BMI was 
29.7±4.9). HbA1c, body weight and % body fat were significantly 
reduced by GLP-1RA treatment [HbA1c (%), 8.3±1.7 to 7.1±1.3, 
p<0.001; body weight (kg), 79.3±16.1 to 76.6±18.3, p<0.001 and 
% body fat (%), 36.2±7.6 to 34.0±8.5, p<0.001], while muscle 
mass was not affected [muscle mass (kg), 47.4±10.8 to 47.4±10.7, 
p=0.368]. Macronutrient intake was significantly decreased [total 
energy (kcal/day) 1,853.2±623.6 to 1,558.7±457.4, p <0.001; car-
bohydrate (g/day) 246.4±97.2 to 201.2±68.3, p=0.001; protein (g/
day) 63.9±21.5 to 56.7±15.9, p=0.031; and fat (g) 60.7±21.1 to 
52.4±19.6, p=0.034]. The DEBQ external eating score (2.97±0.62 
to 2.50±0.55, p <0.001) was significantly decreased, while the 

restrained eating score was significantly increased (2.82±0.64 
to 3.32±0.68, p <0.001) and the emotional eating score was 
unchanged (2.05±0.86 to 1.85±0.59 p =0.150). In multivariate 
analysis, change in HbA1c was independently correlated with 
baseline HbA1c (B=-0.702, p<0.01) and baseline External feed-
ing score (B=-0.450, p=0.033).
Conclusion:  GLP-1RA exer ts a greater HbA1c-lowering 
effect in diabetes patients prompted to eat by external stimuli 
such as smell, taste and social factors than anxiety or health 
considerations.

Clinical Trial Reference Number: UMIN000045362
Disclosure: Y. Koide: None.
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Time spent in glucose control after initiating tirzepatide vs 
comparators: exploratory analysis of fasting serum glucose in 
SURPASS 1-5 trials
R.L. Batterham1, J.  Rosenstock2, W.T.  Garvey3, M.  Liu4, Y.  Chen5, 
B.K.  Bergman5, A.  Hemmingway5, V.T.  Thieu5;
1Centre for Obesity Research, University College London; Bariatric 
Centre for Weight Management and Metabolic Surgery; University 
College London Hospitals NHS Trust; National Institute for Health 
Research, UCLH Biomedical Research Centre, London, UK, 2Veloc-
ity Clinical Research at Medical City, Dallas, TX, USA, 3UAB Dia-
betes Research Center, The University of Alabama at Birmingham, 
Birmingham, AL, USA, 4Tigermed-BDM Inc., Somerset, NJ, USA, 
5Eli Lilly and Company, Indianapolis, IN, USA.

Background and aims: In the SURPASS 1-5 trials, 81-97% of adults 
with type 2 diabetes (T2D) treated with the glucose-dependent insuli-
notropic polypeptide (GIP)/glucagon-like peptide-1 (GLP-1) receptor 
agonist tirzepatide (5, 10, or 15 mg) achieved an HbA1c <53 mmol/
mol (7.0%) at primary study endpoint, and participants spent longer 
continuous time with HbA1c <53 mmol/mol vs. comparators. Tirzepa-
tide treatment also significantly decreased fasting serum glucose (FSG) 
from baseline. Here, we assessed the length of continuous time spent 
with FSG ≤6.94 mmol/L (125 mg/dL).
Materials and methods: Participants were randomised to tirzepatide 
(5, 10, or 15 mg) or comparator (placebo in SURPASS 1 and 5, sema-
glutide 1 mg in SURPASS 2, insulin degludec in SURPASS 3, and 
insulin glargine in SURPASS 4), with primary treatment durations 
of 40 or 52 weeks (wks). In this post-hoc analysis, continuous time 
spent with FSG (central laboratory) ≤6.94 mmol/L was estimated in 
all patients on treatment without rescue medication, with missing data 
imputed. Median duration of continuous time spent with FSG ≤6.94 
mmol/L was compared via the Wilcoxon rank-sum test.
Results: Participants on tirzepatide 5, 10, or 15 mg spent longer with 
FSG ≤6.94 mmol/L than those on placebo. The median % of trial dura-
tion spent with FSG ≤6.94 mmol/L was 80% vs. 0% (32 vs. 0 wks) in 
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SURPASS 1 and 70-80% vs. 40% (28-32 vs. 16 wks) in SURPASS 
5. Tirzepatide-treated participants also spent longer with FSG ≤6.94 
mmol/L than semaglutide-treated participants (60-70% vs. 50%, 24-28 
vs. 20 wks, SURPASS 2). In studies with a basal insulin comparator, 
this was 54% (28 wks, 5 mg) and 69% (36 wks, 10, 15 mg) on tirze-
patide vs. 69% (36 wks) on insulin degludec (SURPASS 3), and was 
38%, 62%, and 67% (20, 32, and 35 wks) on tirzepatide 5, 10, or 15 
mg, respectively, vs. 54% (28 wks) on insulin glargine (SURPASS 4).
Conclusion: In adults with T2D, over the duration of Phase 3 clinical 
trials, treatment with tirzepatide led to a longer continuous time spent 
with FSG ≤6.94 mmol/L compared with placebo and the selective 
GLP-1 receptor agonist semaglutide 1 mg. This was also longer than 
with insulin glargine and similar to insulin degludec for the tirzepa-
tide 10- and 15-mg doses.

Supported by: Eli Lilly and Company
Disclosure: R.L. Batterham: None.

SO 49 Therapies: here, there 
and everywhere
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Effects of ghrelin infusion on glucose tolerance and insulin sensi-
tivity after sleeve gastrectomy
M.-L. Dichman1,2, N. Hedbäck1, A.  London1, C.  Dirksen1, K. 
Bojsen-Møller1, N. Jørgensen1, V.  Kristiansen2, B.  Hartmann3, J. 
 Holst3,4, M.  Svane1,2, S.  Madsbad1;
1Department of Endocrinology, Hvidovre Hospital, Hvidovre, Den-
mark, 2Department of Surgical Gastroenterology, Hvidovre Hospital, 
Hvidovre, Denmark, 3Department of Biomedical Sciences, SUND, 
University of Copenhagen, Copenhagen, Denmark, 4Novo Nordisk 
Foundation Center for Basic Metabolic Research, University of 
Copenhagen, Copenhagen, Denmark.

Background and aims: Ghrelin is an appetite stimulating hormone 
secreted from the gastric mucosa. The concentration of plasma 
ghrelin rises before meals, declines after meals, and then gradually 
increases until the next meal. After sleeve gastrectomy (SG), plasma 
levels of ghrelin decrease dramatically. Whether this affects glucose 
tolerance and insulin sensitivity after surgery is unknown. We there-
fore investigated the effect of ghrelin infusion on glucose tolerance 
before and three months after SG in individuals with obesity (study 
1), and on peripheral insulin sensitivity in individuals with previous 
uncomplicated SG (study 2).
Materials and methods: In study 1, twelve participants with no his-
tory of diabetes, scheduled for SG, were enrolled (ten women:two 
men, age (mean±SD) 46.7±9.1 years, BMI 43.1±6.3 kg/m2 before 
SG, 36.9±6.2 after SG) kg/m2 after SG operation. Four-hour mixed-
meal tests with concomitant patient-blinded infusions of either acyl-
ghrelin (1 pmol/kg/min) or placebo (saline) initiated 60 min prior to 
meal intake were performed in randomized order before and 3 months 
after surgery. In study 2, nine participants with no history of diabe-
tes, who had previously undergone SG (six women:three men, age 
(mean±SD) 51±10.9 years and BMI 32.1±4.6 kg/m2) were assessed 
using the hyperinsulinemic-euglycemic clamp (insulin priming dose 
100 mU/m2/min for 10 min followed by insulin infusion rate 50 mU/
m2/min) with concomitant infusions of either acyl-ghrelin (1 pmol/
kg/min) or placebo (saline) initiated 180 min prior to the clamp.
Results: Study 1: Before SG, fasting plasma glucose was unaffected 
by ghrelin infusion, whereas both peak glucose (ghrelin: 7.9±0.3 
mmol/L versus placebo: 7.0±0.2, p<0.001) and total area under the 
curve (tAUC) of plasma glucose concentrations (1874±61 mmol/
L*min versus 1702±42 mmol/L*min, p<0.001) increased during 
ghrelin infusion compared with placebo. Three months after SG, 
fasting plasma glucose remained unaffected by ghrelin infusion, and 
peak glucose (8.4±0.4 mmol/L versus 7,6±0.3 mmol/L, p=0.01) 
and tAUC of plasma glucose concentrations (1794±65 min*mmol/L 
versus 1578±45 min*mmol/L, p=0.02) increased. Study 2: Insulin 
sensitivity estimated by glucose infusion rate during the last 20 min 
of the hyperinsulinemic euglycemic clamp decreases during ghre-
lin infusion compared with placebo (ghrelin: 5.41±0.55 mg/min/kg 
versus placebo: 3.78±0.61, p<0,001). All values are mean ± SEM.
Conclusion: Ghrelin infusion increases postprandial plasma glucose 
concentrations in individuals with obesity before and following SG 
and decreases insulin sensitivity in individuals who have previously 
undergone SG. Therefore, decreased concentrations of ghrelin after 
SG might contribute to the improved postoperative glucose tolerance.
Clinical Trial Registration Number: NCT05189353
Supported by: NNF19OC0057419
Disclosure: M. Dichman: None.
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675
The ATT RAC TIVE 1 trial: a first-in-human, dose escalating, 
double-blind, placebo-controlled trial of ATR-258 in healthy and 
type 2 diabetes participants
E. Waara1, B.  Pelcman1, B.  Kalsch2, S.  Armani2, A.  Schultz2, T. 
 Forst2, T.  Bengtsson1,3;
1Atrogi AB, Solna, Sweden, 2Clinical Research Services GmbH, 
Mannheim, Germany, 3Department of Molecular Biosciences, The 
Wenner-Green Institute, Stockholm University, Stockholm, Sweden.

Background and aims: Recent literature highlight the therapeutic 
potential of β2-adrenoreceptor (β2-AR) agonists to improve insulin 
sensitivity in humans with disturbed glucose homeostasis, such as type 
2 diabetes mellitus (T2D) patients. ATR-258 is a new small molecular 
compound, targeting the β2-AR in a novel way, leading to stimulation 
of glucose uptake in skeletal muscle, independently of the insulin 
signaling pathway. In contrast to traditional β2-AR agonists, ATR-
258 induces less cAMP, decreasing the risk for cardiovascular safety 
issues. The primary objective of this trial is to evaluate the safety, 
tolerability, and pharmacokinetics (PK) after oral dosing with ATR-
258 in healthy volunteers (HVs). The secondary objective is to study 
safety, tolerability, PK and pharmacodynamics (PD) in T2D patients.
Materials and methods: In the single ascending dose (SAD) escalation 
(part A), altogether 22 male HVs (age:18-55 years, BMI:18-30 kg/m2) 
received either 0.5, 1.0, and 10 mg ATR-258 or placebo as single oral 
doses. In the multiple ascending dose (MAD) escalation (part B), alto-
gether 24 male HVs received either 0.25, 1, or 2.5 mg ATR-258 or placebo 
as oral solution, once daily over 7 days. In part C, 24 male TD2 patients 
(age:30-75 years, BMI: 25-45 kg/m2) will receive 2.5 mg ATR-258 or pla-
cebo as oral solution, once daily over 28 days. Safety and PK is investigated 
in all participants. In the T2D patients, PD variables such as HbA1c, fast-
ing glucose and insulin, glucose tolerance and continuous glucose moni-
toring are collected. Biomarker (pancreatic, kidney, liver and obesity) and 
magnetic resonance imaging (MRI) assessments are also performed.
Results: ATR-258 is safe and well tolerated, based on the preliminary 
blinded safety data from the HVs. The number of adverse events (AE) 
observed in the HVs increase with increasing exposure, with mild and 
transient AEs such as headache, palpitations and restlessness. Prelimi-
nary blinded ECG data illustrates transient heart rate (HR) elevation in 
the SAD and MAD cohorts. Comparing the HR data on Day 1 and Day 7 
in the MAD cohorts, suggests a decrease in the HR elevation with longer 
treatment duration, a possible cardiovascular adaptation. Preliminary 
plasma PK analysis after single and multiple ATR-258 dosing suggests 
fast absorption and a terminal plasma half-life of approximately 10 hours. 
Urine PK analysis demonstrates that a large proportion (>70%) of the 
administered ATR-258 is recovered in urine. This suggests that ATR-258 
exhibits high oral bioavailability with mainly renal elimination. The treat-
ment of T2D patients is ongoing at the time of this abstract submission.
Conclusion: ATR-258 targets the β2-AR signaling pathway, leading to 
the stimulation of glucose uptake in skeletal muscle. Preliminary blinded 
safety data from HVs suggest that oral treatment with ATR-258 is safe 
and well tolerated at doses 0.25 - 2.5 mg, and ATR-258 has a favorable 
plasma half-life. PD measures in the T2D patients will be available at the 
time of the EASD meeting. If successful, ATR-258 could be the first of 
a new class of anti-diabetic drugs, with presumably better safety profile, 
potentially presenting an attractive and efficient option to T2D patients.
Clinical Trial Registration Number: NCT05409924
Disclosure: E. Waara: None.

676
Risk factors of gastrointestinal symptoms in adults with newly 
diagnosed type 1 and type 2 diabetes
A.-T. Klötzsch1,2, V.  Ptushkina1,2, K. Bódis3,4, R.  Wagner3,4, M. 
 Roden3,4, O. Kuß1,2, W.  Rathmann1,2;

1Institute for Biometrics and Epidemiology, German Diabetes Center, 
Leibniz Center for Diabetes Research at Heinrich Heine University, 
Düsseldorf, Germany, 2German Center for Diabetes Research, Partner 
Düsseldorf, München-Neuherberg, Germany, 3Department of Endocri-
nology and Diabetology, Medical Faculty and University Hospital, Hein-
rich Heine University, Düsseldorf, Germany, 4Institute for Clinical Dia-
betology, German Diabetes Center (DDZ), Leibniz Center for Diabetes 
Research at Heinrich Heine University Düsseldorf, Düsseldorf, Germany.

Background and aims: Persons with diabetes frequently suffer from 
gastrointestinal symptoms, often due to glucose-lowering therapy. As 
gastrointestinal symptoms affect quality of life and therapy adher-
ence, it is crucial to understand the reasons why specific persons 
experience gastrointestinal disorders to find options for prevention. 
The aim was to identify risk factors of gastrointestinal symptoms that 
can aid in selecting the appropriate medication.
Materials and methods: We used data from the German Diabetes Study 
(GDS), an ongoing prospective cohort study including persons with recent 
adult-onset diabetes (age 18-69 years). Gastrointestinal symptoms due to 
glucose-lowering drugs were assessed in the regular annual telephone inter-
views (standardized questionnaire). We excluded persons without intake of 
glucose-lowering drugs. Cases were persons that ever reported gastroin-
testinal symptoms due to glucose-lowering drugs. Controls were persons 
reporting no gastrointestinal symptoms due to glucose-lowering drugs and 
with a maximum diabetes duration of 4 years. To identify risk factors of gas-
trointestinal adverse events, logistic regression models were used to estimate 
Odds Ratios (OR) with 95% confidence intervals adjusting for confounders 
(age, sex, diabetes type, waist circumference, smoking, alcohol).
Results: The analyses were based on 262 persons (mean age (SD): 46.5 
years (12.3), 46% female, 34% type 1 diabetes). Cases were generated 
from interviews after a mean follow-up of 6.3 years. Any gastrointestinal 
symptoms due to glucose-lowering medication were reported in 54% with 
type 1 diabetes and 46% with type 2 diabetes. Frequent bowel movements 
(diarrhea, thin stool) were the most frequent complaints (type 1 diabetes: 
63%, type 2 diabetes: 53%). In about 50% glucose-lowering therapy was 
changed due to gastrointestinal complaints. Prior gastrointestinal disorders 
before diabetes onset, defined as gastrointestinal disease or medication 
as well as previous complaints like nausea, vomiting, diarrhea or con-
stipation, were the strongest risk factor (OR 2.40, 95% CI: 1.21-4.78). 
To a lesser extent also age, sex and waist circumference were related to 
gastrointestinal symptoms: OR per 10 year age increase: 1.32, 95% CI: 
1.08-1.63; OR for female sex: 1.28, 95% CI: 0.79 - 2.09; OR per 5 cm 
increase of waist circumference: 1.22, 95% CI: 1.09-1.37, respectively.
Conclusion: Gastrointestinal symptoms affect about 50% of persons 
with recent onset type 1 and type 2 diabetes. Physicians should be 
aware of previous gastrointestinal conditions when selecting the appro-
priate glucose-lowering therapy. Gastrointestinal adverse events related 
to glucose-lowering drugs occur more frequently in persons with 
already existing gastrointestinal symptoms before start of the therapy.
Supported by: German Center for Diabetes Research (DZD e.V.)
Disclosure: A. Klötzsch: Grants; German Center for Diabetes 
Research (DZD e.V.).

677
Metformin counteracts the adverse metabolic effects of glucocor-
ticoids in healthy subjects
E. Seelig1, C.  Peterson1, T.  Delko1, V.  Iten1, M.  Epstein2, N. 
 Zamboni3, M.  Kuehne1, C. Meyer-Zuern1, S.  Thierry1;
1University Hospital Basel, Basel, Switzerland, 2Statistical Consult-
ing, Letchworth, UK, 3Institute of Molecular Systems Biology, ETH 
Zurich, Zurich, Switzerland.

Background and aims: Glucocorticoids are powerful anti-inflam-
matory drugs. However, metabolic side effects are common and limit 
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their long-term use. Furthermore, the underlying mechanisms of 
adverse metabolic effects are not well known, and this lack of knowl-
edge results in poor treatment. We have previously shown that the 
antidiabetic drug metformin prevents glucocorticoid-induced meta-
bolic effects in older, sick patients. Here, we investigate metformin 
in a young and healthy population on high-dose glucocorticoids to 
establish the role of metformin and identify potential mechanisms 
counteracting glucocorticoid-induced side effects
Materials and methods: In a randomized, placebo-controlled, 
cross-over trial, we compared metformin to placebo during high-
dose glucocorticoid treatment in 18 lean, healthy males. All par-
ticipants received prednisone 30mg/d for two 8-day periods sepa-
rated by a 28-day washout period. During one period, participants 
additionally had metformin; during the other, they received a pla-
cebo. Metabolic assessments were performed before and after each 
study period, including a mixed meal tolerance test (MMTT) and 
metabolomics.
Results: 18 male subjects (mean age 27 standard deviation [SD] ±5.2 
years, BMI 22.9 ±1.8 kg/m2) completed the study. Glucose levels dur-
ing the MMTT increased with placebo (glucose change in incremental 
area under the concentration-time curve [AUC] 1.18 ±1.12 mmol/l) 
but remained stable with metformin (0.02 +±1.25 mmol/l, p=0.01). 
Insulin AUC increased with placebo (94 ±183 pmol/l) but not with 
metformin (-182 ±168 pmol/l, p<0.001). Accordingly, whole-body 
insulin sensitivity improved with metformin (6.4 ±11.8) compared 
to placebo (-8.2 ±10.65, p<0.001). Pathway enrichment analysis of 
metabolites revealed that metformin impacts free fatty acid and syn-
thesis of primary and secondary bile acids in the postprandial state.
Conclusion: Metformin prevents the detrimental effects of glucocor-
ticoids on glucose homeostasis by improving insulin sensitivity. Our 
findings confirm metformin’s role in preventing and treating gluco-
corticoid-induced side effects. Furthermore, the impact of metformin 
on free fatty acid flux and bile acid synthesis supports that adipose 
tissue and the gut are sites of metformin action.
Clinical Trial Registration Number: NCT04659915
Supported by: Swiss National Science Foundation, Schweizerische Dia-
betes-Stiftung, Novartis Foundation for Medical-Biological Research
Disclosure: E. Seelig: None.

678
Possibility of clearing oral glucose test in type 2 diabetes patients 
who underwent complete remission
M. Ganla1, P.  Tripathi1, N.  Kadam1, A.  Vyawahare1, B.  Sharma1, 
B.  Saboo2;
1Freedom from Diabetes Research Foundation, Pune, India, 2Diabetes 
Care & Hormone Clinic DIA-CARE, Ahmedabad, India.

Background and aims: Type 2 diabetes (T2D) remission through 
calorie and carbohydrate restriction has been reported. We conducted 
a pilot trial to observe whether oral Glucose tolerance test (OGTT) 
clearance is possible in T2D patients who underwent remission 
through a lifestyle modification program.
Materials and methods: A total of 3689 patients who had previously 
undergone remission through our one-year lifestyle modification pro-
gram in Pune city, India, were asked to enroll for the OGTT; 1121 (all 
still in remission) accepted the invitation and enrolled (June 2022). 
Remission was defined as HbA1c<48mmol/mol for a minimum of 
three months without glucose-lowering medication. Of 1121, 400 
participants completed a 3-month training (where foods with increas-
ing glycemic load were introduced every week while monitoring the 
blood sugar levels (BSL)). Subsequently, they appeared for OGTT 
(75g) from October-November 2022.
Results: Of the 400 participants, 207 (51.7%) cleared OGTT [Fast-
ing BSL(FBSL)<=100, 2-hrs postprandial (PP2) <140], 175 (43.7%) 

cleared IGT-Impaired Glucose Tolerance (FBSL<126, PP2<200), 
while 18 (4.5%) did not clear. The median BMI at the time of appear-
ing for OGTT was 22.8 kg/m2. Those clearing OGTT had signifi-
cantly higher weight loss during the program than those clearing IGT 
(10 kg vs 6.4 kg) and had a shorter duration of diabetes (5 years vs 
6.9 years) (p<0.05). Medication status at the start of the intervention 
(OHA, Insulin, both, and no medication) did not affect the possibility 
of clearing OGTT (p>0.1).
Conclusion: Complete remission of type 2 diabetes to the point of 
achieving a non-diabetes glycemic profile irrespective of initial medi-
cation status is possible through lifestyle intervention if weight loss 
is achieved and maintained. The long-term sustainability of lifestyle 
interventions in achieving remission needs to be explored through a 
larger cohort study with a control group.
Disclosure: M. Ganla: None.

679
Glucagon-like peptide 1 for lowering plasma glucose in hypergly-
caemic subjects with type 2 diabetes: a systematic comparison of 
intravenous and subcutaneous routes
D.R. Quast1,2, D.  Lancaster2, C.  Xie2, M.J.  Bound2, J.  Grivell2, K.L. 
 Jones2, M.  Horowitz2, J.J.  Meier3, T.  Wu2, C.  Rayner2, M.A.  Nauck1;
1Diabetes, Endocrinology and Metabolism Section, Dpt. of Internal 
Medicine I, St. Josef Hospital Bochum, Bochum, Germany, 2Centre of 
Research Excellence in Translating Nutritional Science to Good Health, 
The University of Adelaide, Adelaide, Australia, 3Dpt. of Internal Medi-
cine, Augusta Hospital, Bochum, Germany.

Background and aims: The effects of glucagon-like peptide 1 (GLP-1) 
infusions on plasma glucose have been examined using either the intrave-
nous (i.v.) or subcutaneous (s.c.) route. Indirect comparisons from differ-
ent studies suggest that s.c. GLP-1 is less effective for glucose-lowering 
than i.v. and increases gastrointestinal [GI] adverse events. We have com-
pared effectiveness head-to-head between s.c. and i.v. GLP-1 in hypergly-
caemic subjects with type 2 diabetes (T2D) naïve to GLP-1-based therapy.
Materials and methods: We included 10 subjects (1 female, 9 male, age 
63 ± 10 years,  HbA1C 73.5 ± 22.0 mmol/mol [8.9 ± 2.0 %], BMI 28.6 ± 
2.9 kg/m2, each mean ± SD). Subjects were studied after an overnight fast 
in a hyperglycaemic state and received either s.c. GLP-1 and i.v. saline or 
i.v. GLP-1 and s.c. saline in a double-blind, randomised, crossover design. 
The infusion rates were doubled every 120 min (1.2, 2.4, 4.8, and 9.6 
pmol·kg-1·min-1 for s.c., and 0.3, 0.6, 1.2 and 2.4 pmol·kg-1·min-1 for i.v.). 
Plasma glucose, total and intact GLP-1, insulin, C-peptide, glucagon and 
GI-symptoms were evaluated over eight hours. Results are mean ± SEM.
Results: Plasma glucose decreased more with i.v. GLP-1 (by ~8.0 
mmol/l [144 mg/dl], to ~5.6 mmol/l [100 mg/dl], than s.c. GLP-1 (by 
~5.6 mmol/l [100 mg/dl] to ~7.1 mmo/l [128 mg/dl] after 480 min; panel 
A). Plasma total and intact GLP-1 (panel B) increased dose-dependently 
and were higher with i.v. than s.c. GLP-1 for total (∆max 154.2 pmol/l 
vs. 85.1 pmol/l), and intact GLP-1 (∆max 44.2 pmol/l vs. 12.8 pmol/l). 
At the highest infusion rate, the proportion of total GLP-1 represented 
by intact GLP-1 was higher with i.v. than with s.c. GLP-1 (29.5 ± 2.7 
vs. 14.9 ± 1.4 %; P < 0.001). GLP-1 clearance (at the highest dose) was 
higher for s.c. than for i.v. GLP-1 (total GLP-1: 112.1 ± 17.7 vs. 12.6 ± 
1.0 ml·kg-1·min-1, P < 0.001; intact GLP-1: 1,182 ± 260 vs. 61.3 ± 4.5 
ml·kg-1·min-1; P = 0.002). The increase in insulin secretion was greater 
with i.v. GLP-1 (P = 0.016 and P = 0.046 for insulin and C-peptide, 
respectively), and glucagon was suppressed more with i.v. GLP-1 (P = 
0.029). GI-symptoms did not differ between the routes (P > 0.05 each).
Conclusion: GLP-1, when administered s.c., is much less effective for 
lowering plasma glucose and is associated with more rapid clearance 
and lower bioavailability than i.v. GLP-1, even at 4-fold higher infusion 
rates. Dipeptidyl peptidase-4-mediated degradation is increased, and all 
mechanisms supporting fasting glucose-lowering are triggered less with 
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s.c. GLP-1 as compared to i.v. GLP-1. Whether similar phenomena apply 
to s.c. GLP-1 receptor agonists should be determined.

Clinical Trial Registration Number: ACTRN12620000201976
Supported by: This study was supported by a Clinical Project Grant 
provided by the Royal Adelaide Hospital, Adelaide, Australia.
Disclosure: D.R. Quast: None.

680
Glycaemic improvement and reduction of insulin use at 48 weeks 
following the duodenal mucosal resurfacing procedure in people 
with inadequately controlled type 2 diabetes
B. Sorondo1, V.  Fonseca2, J.  Bergman3, Z.  Saeed4, H.  Rajagopalan1, 
K.  White1, H.  Zhang1, G.  Mingrone5;
1Fractyl Health, Inc., Lexington, MA, USA, 2Department of Endocri-
nology and Metabolism, Tulane University School of Medicine, New 
Orleans, LA, USA, 3Department of Gastroenterology and Hepatology, 
Amsterdam University Medical Centres, Amsterdam, Netherlands, 
4Department of Endocrinology and Metabolism, Indiana University, 
Indianapolis, IN, USA, 5Division of Obesity and Metabolic Diseases, 
Università Cattolica del Sacro Cuore, Rome, Italy.

Background and aims: The progressive nature of type 2 diabetes 
(T2D), the requirement for medication escalation and adherence, and 
absence of pharmacotherapy capable of halting this metabolic disease 
limit durable treatment success for patients. Complimentary treat-
ment strategies targeting potential root causes of disease including 
duodenal dysfunction are warranted. Duodenal mucosal resurfacing 
(DMR) is a non-pharmacologic, endoscopic procedure intended to 
restore normal physiology of the duodenal mucosa and regulation of 
metabolic homeostasis. Previous studies to date with >300 treated 
patients have shown favorable safety and metabolic efficacy. Here we 
present the initial data from the open-label training phase of a pivotal 
study designed to improve glycaemic control while reducing insulin 
treatment burden.
Materials and methods: This study is a multicenter, randomised, 
double-blind, sham-controlled study focused on the assessment of 
safety and efficacy of the DMR procedure in insulin-treated patients 
with T2D and inadequately controlled hyperglycaemia. The study 
is being conducted in two phases: open-label (training) and ran-
domised. Key inclusion criteria for this study are participants aged 
21-70 yrs, BMI 24-40 kg/m2, HbA1c 7.5%-9.5%, fasting plasma 
glucose (FPG) off insulin ≥180-<270 mg/dL, fasting C-peptide 
≥0.6 ng/mL, treatment with insulin (20-60 U/day) and at least two 
additional glucose-lowering agents (GLAs). Prior to DMR, GLAs 
other than metformin and basal insulin were washed out for at least 
8 weeks, followed by a 4-week run-in period. After the DMR proce-
dure, insulin, if needed, was reinstated by a prespecified treat-to-tar-
get design with preexisting metformin and de novo empagliflozin.
Results: The results for safety and efficacy from nine participants 
in the open-label cohort that completed 48 weeks follow-up are 
presented. Median (min, max) baseline characteristics are included 
in the analysis (N=9): age 60 (45, 68) yrs, 66.7% male, HbA1c 8.5% 
(7.6%, 9.1%), C-peptide 1.7 (0.7, 3.2) ng/mL, weight 96 (85, 128) 

kg, diabetes duration 13 (7, 24) yrs; long-acting insulin dose 33 (20, 
60) U/day. No device- or procedure-related SAEs were reported 
during the follow-up. Two patients discontinued the study early due 
to reasons unrelated to the DMR procedure. The following improve-
ments were observed as changes from baseline at 48 weeks (median 
[min, max], N=7): HbA1c -1.5% (-1.8%, -0.4%), FPG -82 (-104, 
-48) mg/dL, total body weight -9.3% (-16.8%, -2.9%). Eighty-six 
percent (6/7 patients) reduced insulin dose with two patients dis-
continuing insulin entirely.
Conclusion: Results from the open-label phase thus far show prom-
ising safety and efficacy of DMR in patients with uncontrolled 
T2D and suggest broad metabolic benefit while reducing treatment 
burden. Further results are forthcoming from the currently enroll-
ing REVITALIZE-1 study.
Clinical Trial Registration Number: NCT04419779
Disclosure: B. Sorondo: Employment/Consultancy; Fractyl Health, 
Inc. Stock/Shareholding; Fractyl Health, Inc.
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Stroke, acute myocardial infarction and mortality in type 2 dia-
betes: a nationwide comparative effectiveness study of GLP-
1RA, SGLT2i and DPP-4i treatment
S. Hastrup1, J.  Hedegaard2, G.  Andersen1, M.  Osler3, J.  Rungby4, 
S.  Johnsen2;
1Danish Stroke Center, Department of Neurology, Aarhus Uni-
versity Hospital, Aarhus N, Denmark, 2Danish Center for Health 
Services Research, Aalborg University, Aalborg, Denmark, 3Center 
for Clinical Research and Prevention, Bispebjerg and Frederiksberg 
Hospitals, Frederiksberg, Denmark, 4Steno Diabetes Center Copen-
hagen, Herlev, Denmark.

Background and aims: Cardiovascular outcome trials (CVOTs) dem-
onstrate that glucagon-like peptide-1 receptor agonists (GLP-1RA) 
and sodium-glucose cotransporter 2 inhibitors (SGLT2i) reduce the 
risk of major adverse cardio-vascular events in patients with type 2 
diabetes (T2D) and cardiovascular disease (or at high risk), whereas 
dipeptidyl peptidase-4 inhibitors (DPP-4i) have not shown cardiovas-
cular benefits. Two CVOTs using GLP-1RA also showed significant 
reduction in non-fatal stroke. Comparative analyses of these newer 
glucose-lowering medications for prevention of stroke are lacking. We 
investigated the risk of stroke (ischemic and hemorrhagic) amongst 
T2D patients, who were new users of GLP-1RA, SGLT2i and DPP-4i. 
Further, we investigated the risk of acute myocardial infarction (MI) 
and all-cause mortality.
Materials and methods: A nationwide population-based cohort 
study with information from high-quality medical registries with 
information on hospitalization history, drug use and vital status. 
Study Population: Patients with T2D who were new users of GLP-
1RA, SGLT2i or DPP-4i in the period 2014-2020 in Denmark. 
Patients with prior stroke were excluded. Cox- and Poisson regres-
sions were used to estimate hazard rate ratios (HRR) and risk ratios 
(RR), respectively. Inverse probability of treatment weights was 
applied for the adjusted analyses. Results were adjusted for age, 
sex, calendar year of initiation, migrant status, co-habitation status, 
income, education, duration of diabetes, hypertension, atrial fibril-
lation, Charlson Comorbidity Index (CCI) and diabetes-related 
chronic complications.
Results: The study included: 23,474 new users of GLP-1RA; 24,697 
of SGLT2i and 41,943 of DPP4-i. Table 1 shows HRR of stroke and 
MI; and RR of 365-days all-cause mortality when the groups were 
compared. New users of GLP1RA and SGLT2i had a lower incidence 
of stroke when compared to new users of DPP-4i. There was no dif-
ference in stroke incidence between the new users of GLP-1RA versus 
SGLT2i. New users of GLP1-RA showed similar rate of MI when 
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compared to DPP4i. The same was seen when SGLT-2i was compared 
to DPP4i. GLP-1RA use was associated with a lower risk of MI rela-
tive to SGLT2i. Mortality within 365 days was lower in new users of 
GLP-1RA and SGLT2i compared to new users of DPP-4i.
Conclusion: New users of GLP-1RA and SGLT2i in T2D-patients 
with and without co-morbid cardiovascular disease were associated 
with reduced risk of stroke and mortality in comparison with new 
users of DPP-4i. A wider use of GLP-1RA and SGLT2i may be ben-
eficial in terms of preventing stroke and mortality.

Supported by: Novo Nordisk
Disclosure: S. Hastrup: Grants; Novo Nordisk.
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Factors associated with changes in beta hydroxybutyrate with 
sotagliflozin in adults with type 1 diabetes
M.J. Davies1, S.  Boeder2, J.B.  McGill3, R.  Pratley4, M.  Girard1, P. 
 Banks1, J.  Pettus2, S.  Garg5;
1Lexicon Pharmaceuticals, Inc., Bridgewater, NJ, USA, 2University of 
California San Diego, San Diego, CA, USA, 3Washington University, 
St. Louis, MO, USA, 4AdventHealth Translational Research Institute, 
Orlando, FL, USA, 5Barbara Davis Center for Diabetes, Aurora, CO, USA.

Background and aims: SGLT inhibitors are associated with 
increased blood ketones and risk of DKA. The objective was to deter-
mine clinical factors associated with changes in beta hydroxybutyrate 
(ΔBHB) with sotagliflozin (SOTA) in adults with type 1 diabetes 
(T1D).
Materials and methods: inTandem 3 trial data were used for this post 
hoc analysis. inTandem 3 was a 24-week, randomized trial evaluat-
ing SOTA 400 mg/d or placebo (1:1) as an adjunct to insulin in 1402 
adults with T1D. Baseline and change in BHB were compared between 
groups. In the SOTA arm, BHB response over 24 weeks was divided 
into tertiles and baseline characteristics were compared across tertiles. 
In univariate analyses, ΔBHB were correlated with changes in vari-
ables such as ΔA1C, Δ body weight (BW), Δ insulin dose, Δ urinary 
glucose excretion [UGE] or baseline characteristics such as age, sex, 
BHB, BW, A1C, and insulin dose. Proportion of patients with BHB 
>0.6 and >1.5 mmol/L during a follow up visit was determined and 
logistic regression models were used to predict factors associated with 
these BHB cut points.
Results: Results: Median baseline BHB was 0.13 mmol/L. BHB was 
significantly increased from baseline at 24 weeks with SOTA com-
pared to placebo (median difference (95% CI) = 0.04 mmol/L (0.03, 
0.05); p<0.001). In a BHB response analysis to SOTA, approximately 
2/3 of patients had no or small changes in BHB (Tertile 1: <0.0 
mmol/L; median Δ = -0.04 mmol/L; Tertile 2: 0 to <0.13 mmol/L; 
median Δ = 0.04 mmol/L) and the remaining had a BHB response 
>0.13 mmol/L (Tertile 3: median Δ = 0.31 mmol/L, Figure). Patients 
in Tertile 1 tended to have higher total insulin, basal, and bolus doses. 
Baseline BHB, A1C, ΔUGE, ΔBW, and ΔFPG were associated 
(p<0.05) with ΔBHB in SOTA patients. Proportion of patients with 
≥1 BHB value >0.6 or >1.5 mmol/L during follow-up was 28.9% 
and 5.7% with SOTA and 7.8% and 0.4% with placebo, respectively. 
Baseline BHB and SOTA use were the major predictors associated 
with an increased odds of having a BHB >0.6 or >1.5 mmol/L. DKA 
incidence was 3.0% (n=21) and 0.6% (n=4) with SOTA and placebo, 
respectively. When evaluated by BHB response to SOTA, number of 
patients with DKA events was 10, 7, and 4 in Tertiles 1, 2, and 3, 
respectively.
Conclusion: SOTA as an adjunct to insulin led to small but significant 
increases in BHB over 24 weeks. Approximately 2/3 of patients had 
no or small BHB responses to SOTA. BHB response did not appear to 
be predict DKA events. Baseline BHB and SOTA use were the major 
variables associated with elevated BHB levels. In summary, these 
results highlight the importance of patient education regarding risk, 
mitigation, identification, and treatment strategies for ketosis/DKA.
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Disclosure: M.J. Davies: Employment/Consultancy; Lexicon Phar-
maceuticals, Inc. Stock/Shareholding; Lexicon Pharmaceuticals, Inc.

683
Identifying features of lymphocytes in newly diagnosed type 1 
diabetes BANDIT participants after treatment with the JAK 
inhibitor baricitinib
L. Sanz Villanueva1,2, P.  Trivedi1,2, S.  Litwak1, T.  Catterall1, M. 
 Waibel1, B.  Krishnamurthy1,2, H.E.  Thomas1,2, T.W.  Kay1,2;
1St. Vincent’s Institute of Medical Research, Melbourne, Australia, 
2Department of Medicine, St Vincent’s Hospital, The University of 
Melbourne, Melbourne, Australia.

Background and aims: The BANDIT clinical trial is a phase 2, ran-
domised, placebo-controlled study which includes a cohort of 90 new-
onset type 1 diabetes (T1D) participants. This trial investigates the 
efficacy of baricitinib in new-onset T1D by collecting clinical end-
points monitoring beta-cell function and immune cell subpopulations. 
Changes in T-cell activation, regulation or exhaustion profiles and 
responses have been observed in previous T1D studies, along with 
changes in NK cell numbers during baricitinib treatment. The aim of 
the current study is to examine NK cell and T-cell populations to under-
stand how inhibiting JAK1 and JAK2 with baricitinib modifies T1D 
relevant immune cell markers.
Materials and methods: Blood samples were collected and pro-
cessed at baseline and after 24 weeks of treatment with baricitinib. 
At 24 weeks, samples were collected 2 h and 24 h after baricitinib. 
The phosphorylation of STAT1 and STAT3 in response to IFNy and 
IL-21 respectively were measured in 100 μl fresh blood by phospho-
flow cytometry as a pharmacodynamic readout of drug activity. Fre-
quencies of lymphocyte subpopulations were analysed using spectral 
flow cytometry. Data were analysed using FlowJo Software. Statistical 
analysis was performed using GraphPad Prism.
Results: The frequency of  CD56bright NK cells decreased by 30.5% 
(Wilcoxon test, p=0.0052) and  CD56dim NK cellsdecreased by 56.6% 
(Wilcoxon test, p=<0.0001) after 24 weeks of baricitinib. The fre-
quency of  CD8+ effector memory T cells decreased by 28.1% (Wil-
coxon test, p=0.0026) after 24 weeks of baricitinib. There was a 
significant reduction in the pSTAT1 and pSTAT3 gMFI in  CD8+ T 
cells at 24 weeks of treatment when comparing baricitinib and pla-
cebo 2 h after drug intake (Komolgorov-Smirnoff test, p<0001 and 
p=0.0218 respectively).
Conclusion: Advances in the understanding of cytokine signal trans-
duction led to the therapeutic targeting of JAKs to treat autoimmune 
and inflammatory diseases, including T1D. Baricitinib inhibits JAK1 
and JAK2 and in previous studies evaluating its pharmacokinetics and 
pharmacodynamics reached its peak plasma concentration within 1.5 
hours post-dose. Accordingly, our results showed a significant reduc-
tion in the pSTAT1 and pSTAT3 gMFI in  CD8+ T 2 h after treatment. 
Furthermore, our data in the BANDIT participants after 24 weeks of 

treatment with baricitinib are consistent with data in mice showing a 
reduction in the number of NK cells after JAK inhibitors and  CD8+ 
effector memory T cells after JAK1/2 inhibitors in NOD mice. Over-
all, these results are supported by previous trials using baricitinib in 
psoriasis and rheumatoid arthritis, which show its efficacy in other 
autoimmune diseases. Further studies in the BANDIT participants’ 
samples will include gene expression in a wider range of immune cell 
populations using scRNA-seq.
Clinical Trial Registration Number: NCT04774224
Supported by: JDRF International, JDRF Australia (Grant ID: 
4-SRA-2020- 912-M-B), NHMRC, SVI-MR
Disclosure: L. Sanz Villanueva: None.

684
Adherence affects response to baricitinib in the BANDIT trial in 
new-onset type 1 diabetes
T. Kay, BANDIT trial study group;
St Vincent’s Institute of Medical Research, Fitzroy, Australia.

Background and aims: Treatment of type 1 diabetes is typically initi-
ated when the capacity of insulin production is inadequate to control 
blood glucose and insulin dose is increased as endogenous insulin 
production wanes. We rely on replacement of insulin rather than treat-
ing the mechanisms of disease. But hormone replacement can never 
as good as the integrated physiological functions being replaced and 
even though insulin is regarded as a “safe” drug diabetes continues 
to be associated with risks of complications and premature mortality. 
We aimed to preserve the body’s ability to make insulin rather than 
improve how a lack of insulin is managed. We treated 91 participants 
with either baricitinib 4mg/d (60) or placebo (31) for 48 weeks. As 
previously reported the intention-to-treat analysis found that we could 
protect beta cell function and improve glucose control. Subsequently 
we have analysed reasons for variations in response to baricitinib and 
the focus here is adherence.
Materials and methods: Participants returned tablet containers and 
unused tablets at regular visits. Missed tablets were equal to tablets 
returned-(tablets dispensed-days between visits) and a positive num-
ber indicates the number of days missed and a negative number indi-
cates tablets misplaced or discarded. %adherence = 100xmissed days/
total days. Tablet return data were supported by trial site comments
Results: 14/60 (23%) treated subjects showed evidence of reduced 
adherence, mainly in the second 24 weeks of treatment, primarily 
based on missing >20% of tablets. The primary outcome of the trial, 
which was C peptide AUC in the 2 hours after a standard meal, was 
calculated in reduced adherence and the adherent groups. AUC in 
the adherent group at 48 weeks was .72+.39 nmol/l/min (mean + sd) 
versus .40+.28 in the reduced adherence group (p=.01). HbA1c was 
6.5+.80 % in the adherent and 8.51+2.65 % in the reduced adherence 
group (p<.0001). Statistically significant differences were also seen 
in CGM metrics (TIR 78+16 vs 49+30%, SD 2.07+1.05) and insulin 
dose (.34+.26 U/kg vs .50+.24).
Conclusion: We found that a daily tablet of baricitinib can protect 
beta cell function from attack by the immune system and improve 
variations in glucose. Compliance dropped off to some degree in the 
second half of trial perhaps related to reduced frequency of reviews, 
fatigue or lack of confidence in the drug’s unknown efficacy. It was 
not surprising that decreased adherence was associated with loss of 
beta cell function in most, consistent with the drug’s efficacy. Prelimi-
nary data suggest low baseline C peptide may also be a determinant 
of poor response.
Clinical Trial Registration Number: NCT04774224
Supported by: JDRF, NHMRC
Disclosure: T. Kay: Grants; JDRF Strategic Research Alliance. Non-
financial support; drug and placebo provided by Eli Lilly.
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Effect of autologous dendritic cell therapy targeting HLA-E 
restricted CD8+ T regulatory pathway on pancreatic beta cell 
function in type 1 diabetes
J.L. Gaglia1, M.  Mackey1, H.L.  Daley2, N.K.  Bryant1, D.  Kim1, T. 
 Dong3, E.E.  Fan3, J.  Vora3, J.S.  Skyler4, J.  Ritz2, H.  Jiang3;
1Joslin Diabetes Center, Boston, MA, USA, 2Dana-Farber Cancer 
Institute, Boston, MA, USA, 3Avotres Inc, Cedar Knolls, NJ, USA, 
4University of Miami, Miami, FL, USA.

Background and aims: Studies of persons with type 1 diabetes (T1D), 
and relevant animal models, suggest that HLA-E/Qa-1 restricted CD8+ 
T regulatory cells (Tregs) are important in maintaining self-tolerance, 
with a functional defect therein contributing to disease development. 
We report one-year data from a first in human, phase 1/2 study of 
AVT001, an investigational autologous dendritic cell (DC)-based vac-
cine designed to address this disruption in self-tolerance in T1D.
Materials and methods: Twenty-five individuals ages 16 to 48 within 
1 year of diagnosis of T1D and with an ex-vivo correctable defect in 
the function of HLA-E restricted CD8+ Tregs were leukapheresed 
for potential generation of AVT001 and randomized to treatment or 
placebo. Treatment was double blind with AVT001 treated (n=16) 
receiving approximately 10 million, synthetic oligopeptide loaded, 
CD11c+ DCs per delivered dose, in 3 doses, each 1 month apart.
Results: Baseline characteristics including sex, age, time since diagnosis, 
HbA1c, and daily insulin U/kg were similar between the AVT001 and 
placebo groups. AVT001 was safe and well tolerated with all participants 
completing treatment and without peri-infusion reactions. Through day 
360, no serious adverse events occurred, and all adverse events were 
mild or moderate in the AVT001 group, with rates similar to placebo. 
Efficacy endpoints including change in HbA1c, daily insulin U/kg, and 
C-peptide area under the curve (AUC) during a 4-hour mixed meal tol-
erance test were analyzed utilizing a mixed-effect model for repeated 
measurements (Table). HbA1c was at target at baseline in both groups 
and did not significantly differ over time. Daily insulin use increased in 
both groups with a trend towards less insulin increase from baseline in 
the AVT001 group at day 360. Despite C-peptide AUC being greater in 
the placebo group at day 1, C-peptide AUC was greater in the AVT001 
treated group with significantly less decline than placebo at days 150 and 
360. A C-peptide response of increase or ≤ 5% decrease from baseline 
AUC was seen in 43.8% and 22.2% of AVT001 treated versus placebo 
at day 150 and 12.5% versus 0% at day 360 respectively. More robust 
day 150 treatment effect was associated with younger age (p=0.0006), 
lower insulin requirement U/kg (p=0.0077), higher fasting C-peptide 
(p=0.0006), and higher C-peptide AUC (p=0.0049) at baseline.
Conclusion: AVT001 treatment was safe and well tolerated with evi-
dence of significant preservation of endogenous insulin secretion at 
day 150 and less decline in C-peptide than placebo through day 360. 
These results are the first evidence that a DC-based vaccine targeting 
HLA-E restricted CD8+ Tregs can delay progression of T1D in people.

Disclosure: J.L. Gaglia: Employment/Consultancy; Consultant Avo-
tres Inc.

686
Dual amylin and calcitonin receptor agonist as an adjunct ther-
apy to insulin prevents weight gain and improve glucose control 
in an STZ-induced type 1 diabetic rat model
S.A. Melander1, A.T.  Larsen1, M.A.  Karsdal1,2, K.  Henriksen1,3;
1Nordic Bioscience A/S, Herlev, Denmark, 2KeyBioscience, Stans, 
Swaziland, 3KeyBioscience, Stans, Switzerland.

Background and aims: Type 1 diabetes is an autoimmune disease 
characterized by beta cell destruction resulting in poor insulin produc-
tion. Insulin therapy is limited and often results in poor glucose con-
trol illustrated by glucose fluctuations, with a high risk of hypogly-
cemia. Therefore, there is a need for new strategies that can improve 
glycemic control, and lower hypoglycemia rates while improving 
proper weight management and thereby lowering the risk of cardio-
vascular complications among others. Long-acting dual amylin and 
calcitonin receptor agonists (DACRAs) are novel candidates for the 
treatment of type 2 diabetes and obesity due to their beneficial effects 
on body weight lowering as well as improving glucose tolerance, 
glucose control, and insulin sensitivity in rats. However, whether 
DACRAs could work as an adjunct therapy to insulin in type 1 diabe-
tes remain unknown. In this study, the effect of insulin in combination 
with the DACRA, KBP-336 was explored in streptozotocin-induced 
type 1 diabetic rats. The aim was to compare the impact of KBP-336 
as an adjunct to insulin and test whether KBP-336 could improve 
insulin sensitivity and thereby lower the need for insulin and reduce 
some of the struggles observed with insulin therapy alone.
Materials and methods: Type 1 diabetes was induced in male 
Sprague Dawley rats by a single intravenous injection of streptozo-
tocin (50mg/kg). Rats were infused with Humulin (1U/200g/day) via 
osmotic minipumps for six weeks. Half of the animals also received 
subcutaneous injections with KBP-336 (4.5nmol/kg Q3D). An age-
matched healthy control group was included in the study as well. 
Treatment effects on body weight, food intake, blood glucose, and 
 HbA1c were evaluated. Furthermore, serum levels of glucagon and 
endotrophin (a marker of cardiovascular complication) were evaluated 
to assess treatment effects on disease progression.
Results: Treatment with both insulin and insulin+KBP-336 improved 
the health status of the STZ animals during the study period. As 
expected, Humulin caused body weight gain in diabetic STZ rats. How-
ever, KBP-336 was able to prevent the body weight increase caused by 
Humulin and maintained a significant and stable weight loss throughout 
the study period (AUC, P<0.05). Both treatments improved glucose 
levels in STZ rats, with Humulin+KBP-336 showing a greater reduc-
tion in blood glucose levels compared to Humulin-treated rats (AUC, 
P<0.05). This was further reflected in improved  HbA1c levels (P<0.05). 
Furthermore, serum levels of glucagon and endotrophin were signifi-
cantly elevated in STZ rats compared to healthy controls, highlighting 
disease development (P<0.05). Interestingly, these increases were sig-
nificantly alleviated in rats treated with humulin+KBP-336 (P<0.05) 
thus showing similar levels to healthy controls.
Conclusion: In summary, KBP-336 improved glucose control beyond 
that of insulin alone and prevented insulin-induced weight gain and 
thereby preventing some of the side effects associated with insulin treat-
ment in type 1 diabetic patients. Altogether, these data highlight KBP-
336 as a promising adjunct candidate to insulin for the treatment of 
type 1 diabetes as well as possible related cardiovascular complications.
Supported by: The Danish innovation foundation and Innovationsfonden
Disclosure: S.A. Melander: Grants; The Danish Research Founda-
tion, Innovationsfonden. Stock/Shareholding; KH and MAK holds 
stocks in Nordic Bioscience A/S.

Clinical Trial Registration Number: NCT03895996
Supported by: Avotres Inc
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Effect of ertugliflozin on body weight and HbA1cby baseline BMI: 
observations from VERTIS CV
F. Cosentino1, D.Z.I.  Cherney2, S. Dagogo-Jack3, R.E.  Pratley4, N. 
 Cater5, M.  Maldonado6, A.  Xing7, C.P.  Cannon8;
1Unit of Cardiology, Karolinska Institute & Karolinska University 
Hospital, Stockholm, Sweden, 2Department of Medicine, Division of 
Nephrology, University Health Network and University of Toronto, 
Toronto, ON, Canada, 3University of Tennessee Health Science Center, 
Memphis, TN, USA, 4AdventHealth Translational Research Institute, 
Orlando, FL, USA, 5Pfizer Inc., New York, NY, USA, 6MSD (UK) 
Limited, London, UK, 7Merck & Co., Inc., Rahway, NJ, USA, 8Cardio-
vascular Division, Brigham and Women’s Hospital, Harvard Medical 
School, Boston, MA, USA.

Background and aims: Sodium−glucose cotransporter 2 inhibitors are 
associated with body weight (BW) lowering and improved glycaemic 
control. Data from VERTIS CV were analysed to study the effect of 
ertugliflozin (ERTU) on BW lowering and glycaemic control according 
to baseline BMI.
Materials and methods: Patients with type 2 diabetes and ath-
erosclerotic CVD were randomised (1:1:1) to ERTU 5 or 15 mg 
(doses pooled for analyses) or placebo (PBO). Changes to back-
ground antihyperglycaemic agents were not permitted during the 
first 18 weeks, except when participants met predefined glycaemic 
rescue thresholds or experienced clinically significant hypoglycae-
mia. In these post hoc analyses, changes in BW and  HbA1c over 
time by baseline BMI (<25 kg/m2, ≥25—<30 kg/m2, ≥30—<35 
kg/m2 and ≥35 kg/m2) were assessed using an ANCOVA model 
that adjusted for baseline, treatment, time, baseline  HbA1c (for 
the analysis of changes in BW), baseline eGFR (continuous), BMI 
subgroups, treatment-by-subgroup and treatment-by-subgroup-by-
time interaction.
Results: In the BMI <25, ≥25—<30, ≥30—<35 and ≥35 subgroups, 
there were 391 (7.1%), 1741 (31.7%), 1995 (36.3%) and 1369 (24.9%) 
patients treated with ERTU and 210 (7.6%), 836 (30.4%), 1009 (36.7%) 
and 692 (25.2%) patients treated with PBO, respectively. In the BMI 
<25, ≥25—<30, ≥30—<35 and ≥35 subgroups, mean (SD) BWs (kg) 
at baseline were 65.8 (9.7), 80.3 (9.6), 93.1 (11.0) and 111.7 (17.3) 
in patients treated with ERTU and 65.7 (8.7), 80.8 (9.7), 93.5 (11.5) 
and 110.8 (16.8) in patients treated with PBO, respectively. Baseline 
characteristics were well balanced between treatment groups within 
each BMI subgroup including the baseline  HbA1c across all groups of 
~66 mmol/mol. In the BMI <25, ≥25—<30, ≥30—<35 and ≥35 sub-
groups, PBO-adjusted least squares mean (95% CI) changes in BW (kg) 
from baseline to Month 60 were −1.51 (−3.09, 0.08), −2.49 (−3.29, 
−1.69), −2.07 (−2.81, −1.32) and −4.07 (−5.02, −3.12), respectively 
(Fig. 1A). In the BMI <25, ≥25—<30, ≥30—<35 and ≥35 subgroups, 
PBO-adjusted least squares mean (95% CI) changes in  HbA1c (mmol/
mol) from baseline to Week 18 were −2.61 (−4.16, −1.06), −5.43 
(−6.19, −4.68), −5.26 (−5.96, −4.57) and −5.61 (−6.45, −4.77), 
respectively (Fig. 1B).
Conclusion: Treatment with ERTU was associated with BW loss 
and improved glycaemic control compared with PBO across BMI 
subgroups. Greater reductions in BW and  HbA1c were observed 
in patients with a higher BMI than those with a lower BMI.

Clinical Trial Registration Number: NCT01986881
Supported by: This study was sponsored by Merck Sharp & Dohme 
LLC, a subsidiary of Merck & Co., Inc., Rahway, NJ, USA; and Pfizer 
Inc., New York, NY, USA
Disclosure: F. Cosentino: Grants; King Gustav V and Queen Victoria 
Foundation, The Swedish Heart & Lung Foundation, The Swedish Research 
Council. Lecture/other fees; Abbott, AstraZeneca, Bayer, Boehringer Ingel-
heim, Bristol Myers Squibb, Merck Sharp & Dohme LLC, a subsidiary of 
Merck & Co., Inc., Rahway, NJ, USA, Novo Nordisk, Pfizer.

688
Use of sodium glucose transporter 2 inhibitors for diabetes treat-
ment after solid organ transplantation: a case series of 34 patients 
from a tertiary centre
J. Oliveira Torres, M. Serranito, A. Abegão Matias, I. Manique, N. 
Cunha, D. Cruz Martins, J. Silva-Nunes;
Department of Endocrinology, Diabetes and Metabolism, Centro 
Hospitalar Universitário de Lisboa Central, Lisbon, Portugal.

Background and aims: Sodium glucose transporter 2 inhibitors 
(SGLT2i) are promising glucose-lowering drugs with significant pro-
tective cardiovascular (CV) and renal effects. Current evidence regard-
ing the efficacy and safety of their use in solid organ transplant (SOT) 
recipients with diabetes is scarce, particularly in the liver transplant 
setting, and potential CV risk reduction remains unconfirmed. In this 
case series, we evaluated the use of SGLT2i in patients with pre- and 
post-transplant diabetes regarding their effects on metabolic control, 
kidney function, and adverse events.
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Materials and methods: SOT recipients with diabetes currently or 
previously treated with SGLT2i and with at least one appointment 
between January 1, 2022, and December 31, 2022, were included. 
Metabolic and kidney function variables were collected before, 6 and 
12 months after SGLT2i initiation. Adverse events were collected 
from the patients’ process files. Data were analyzed using SPSS 
V.28.0, with the significance level set at 5%. Results were presented 
as mean and SD or median and IQR whether data followed a normal 
or skewed distribution, respectively. Paired samples t-test was used 
for normally distributed data and Wilcoxon signed-rank test was used 
for data with a skewed distribution.
Results: We included 34 patients who were started on canagliflozin, 
dapagliflozin, or empagliflozin. Most patients were men (n=25), had 
post-transplant diabetes (n=18) and had undergone a liver transplant 
(n=21); 13 patients had received a renal transplant. Before SGLT2i 
initiation, HbA1c was 7.2±1.2%, body weight was 84 kg (IQR: 25.1), 
total daily insulin dose (TDI) was 30IU (IQR: 26), blood pressure (BP) 
was 145/87 mmHg (IQR: 33/20), eGFR was 55 ml/min per 1.73  m2 
(IQR: 41), and urine protein/creatinine ratio (UPCR) was 110 mg/g 
(IQR: 314). SGLT2i were used for a median of 14 months (IQR: 
13). Six months later, HbA1c was -0,4% (95% CI: -0.91 to +0.03; p 
= 0.066; Cohen effect size: 0.4), and no change was found after 12 
months (median: -0.1%, p = 0.334). Throughout the 12 months period, 
no significant changes occurred in body weight: -0.5 kg at 6 months (p 
= 0.120) and -1.8 kg at 12 months (p = 0.147). Follow-up showed a 
stable UPCR at 6 months and marginally reduced UPCR at 12 months 
(median: -11 mg/g; p = 0.012). TDI, BP, and eGFR remained stable 6 
and 12 months after SGLT2i initiation. Urinary tract infection (UTI) 
incidence rate was 78 per 1000 person-years and genital infection 
incidence rate was 19 per 1000 person-years. Hypoglycemic episodes 
occurred in 5 out of the 23 patients on insulin therapy; no episodes 
of hypoglycemia were reported in those not treated with insulin. No 
episodes of diabetic ketoacidosis, limb amputation, or fractures were 
reported.
Conclusion: Although no significant changes in metabolic control 
and body weight were found in this case series, SGLT2i use for pre- 
and post-transplant diabetes treatment in SOT recipients improved 
protein excretion rate. However, the reported incidence rate of UTI is 
not negligible. Future studies with larger cohorts and longer follow-
up of SOT recipients with diabetes will provide further conclusions 
regarding the impact of SGLT2i on CV and renal status, and the risk 
of UTI and genital infections in this immunosuppressed population.
Disclosure: J. Oliveira Torres: None.

689
Simultaneous PPAR-γ activation and SGLT2 cotransporter 
inhibition modulate oxidative stress and apoptosis in diabetes-
induced cardiomyopathy
A. Cinakova, P. Krenek, J. Klimas, E. Kralova;
Department of Pharmacology and Toxicology, Faculty of Pharmacy, 
Comenius University in Bratislava, Bratislava, Slovakia.

Background and aims: Oxidative stress and subsequent impairment 
in nitric oxide (NO) signalling as well as apoptotic processes play a 
significant role in the development of diabetic cardiomyopathy. Dapa-
gliflozin (Dapa) and pioglitazone (Pio) have been shown to prevent 
the progression of diabetes complications in several organ systems in 
both type 1 (T1DM) and type 2 diabetes mellitus. Here we studied how 
simultaneous PPAR-γ activation and SGLT2 inhibition affects cardiac 
oxidative stress status and apoptotic markers under diabetic conditions.
Materials and methods: Experimental T1DM was induced by strepto-
zotocin (55mg/kg, i.p.) in Wistar rats. Dapa (10mg/kg, n=9), Pio (12mg/

kg, n=10) or their combination (n=10) were daily administrated to the 
STZ-rats orally. The control group (n=10) with untreated diabetes mel-
litus (STZ, n = 10) was fed on standard chow. Six weeks after STZ 
administration, we observed the expression of selected molecules asso-
ciated with cardiac remodelling and dysfunction (Myh6, Myh7, Nppa, 
Nppb), oxidative stress (MnSOD, Gp91phox), NO signalling pathway 
(eNOS, Cav1, Cav3, Hsp90) and apoptosis (Bax, Bcl2, p53, Procaspase 
3, Casp3) in the excised hearts using RT- qPCR and western blotting.
Results: In the heart of STZ rats, the propagation of apoptotic and 
oxidative reactions (Gp91phox 26%±12%; MnSOD -27%±5%; both 
p<0,05) were accompanied by the imbalance in the expression of mole-
cules associated with NO signalling in comparison to the control group. 
An impaired cardiac function and remodelling status were demonstrated 
by the decrease in Myh6/Myh7 ratio (-91%±2%; p<0,05) and elevated 
Nppb expression (100%±20%; p<0,05). Dapa treatment markedly 
reduced gp91phox expression (vs STZ; -43%±22%; p<0,05) whereas 
Pio upregulated eNOS (vs STZ; 37%±15%; p<0,05) expression. Both 
monotherapies resulted in a significant alleviation of apoptotic processes 
in all measured apoptotic parameters (p<0,05) and downregulation of 
Cav1 (Dapa -56%±7%; Pio -62%±6%; both p<0,05) and Nppb expres-
sion (Dapa -158%±5%; Pio -138%±8%; both p<0,05) when compared 
to the STZ group. None of the therapies reverted Myh6/Myh7 ratio to 
the normal values. The combination treatment exhibited a synergistic 
effect in modulating Bcl-2 and MnSOD expression (p<0,05), reaching 
the effect of monotherapies in other measured parameters.
Conclusion: In conclusion, we report that the combined therapy of 
dapagliflozin and pioglitazone protects cardiac tissue from apoptotic 
processes and oxidative stress damage, exhibiting an expected syner-
gistic effect in comparison to monotherapy only partially.
Supported by: APVV -19-0154; VEGA 2/0091/21; VEGA 1/0203/19; 
VEGA 1/0195/20
Disclosure: A. Cinakova: None.

690
Effects of sitagliptin versus dapagliflozin on time in range in Japa-
nese patients with type 2 diabetes stratified by body mass index: 
a sub-analysis of the DIVERSITY-CVR study
K. Takuma, A. Fuchigami, T. Hirose;
Toho University, Graduate School of Medicine, 6-11-1 Omori-Nishi, 
Ota-ku, Tokyo-to, Japan.

Background and aims: We have previously reported the effects of dapa-
gliflozin and sitagliptin on cardiometabolic risk factors in the DIVERSITY-
CVR study. The rate of achievement of the primary endpoints (glycated 
hemoglobin (HbA1c) < 7.0%, body weight loss ≥ 3.0%, and avoidance of 
hypoglycemia) was significantly higher in the dapagliflozin group (P < 0.05). 
However, sitagliptin was superior to dapagliflozin in improving glycemic 
variability. Therefore, this study aimed to compare the effects of baseline 
background factors in these patients treated with dapagliflozin and sitagliptin 
and analyze the time in range (TIR), a metric for glycemic control.
Materials and methods: The DIVERSITY-CVR study was a prospective, 
randomized, open-label, parallel-group study in Japanese patients with type 
2 diabetes who had a short disease duration and few progressive complica-
tions. A total of 340 patients with type 2 diabetes undergoing treatment at 
any of the 51 participating hospitals in Japan were enrolled in this study. 
The eligibility criteria were as follows: patients who had not used any 
glucose-lowering agents within 8 weeks before consenting, were treated 
with metformin only, were aged 20-80 years, had baseline HbA1c level 
between ≥7.1% and <10%, and had BMI ≥23 kg/m2. In this sub-analysis, 
the results of the primary endpoints were analyzed according to baseline age 
(<65 or ≥65 years), sex (male or female), HbA1c level (<8.0% or ≥8.0%), 
BMI (23 to <25, 25 to <30, or ≥30 kg/m2), metformin use (use or not), 
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alanine aminotransferase (ALT) level (<30 or ≥30 IU/L), and estimated 
glomerular filtration rate (eGFR) (45 to <60 or ≥60 mL/min/1.73  m2). To 
examine the effects of dapagliflozin and sitagliptin on glycemic variability, 
we re-examined the primary endpoint achievement rate in patients stratified 
by baseline background factors.
Results: Sitagliptin was significantly superior in achieving HbA1c 
level < 7.0% in the lower body mass index (BMI) group (71.1% vs. 
43.6%, P < 0.05), with no significant differences in other subgroups. 
In the lower BMI group, the rate of achievement of TIR > 70% after 
24-week treatment was significantly higher with sitagliptin than with 
dapagliflozin (91.9% vs. 69.4%, P < 0.05). In contrast, dapagliflozin 
was superior to dapagliflozin in achieving TIR > 70% in the higher 
BMI group (85.7% vs. 52.9%, P < 0.01).
Conclusion: In conclusion, to the best of our knowledge, this is 
the first study to directly compare the effects of sitagliptin and 
dapagliflozin on glycemic control using CGM stratified by BMI in 
Japanese patients with early-stage type 2 diabetes. The TIR after 
24 weeks of treatment was not significantly different between the 
sitagliptin and dapagliflozin groups. However, in the lower BMI 
subgroup, sitagliptin demonstrated superior efficacy in improving 
glycemic variability than did dapagliflozin. In addition, sitagliptin 
improved the achievement ratio of TIR > 70% in the lower BMI 
group, whereas dapagliflozin improved weight loss and the TIR 
in patients with higher BMI.
Clinical Trial Registration Number: M18229_17024
Disclosure: K. Takuma: None.

691
Dapagliflozin in children and adolescents (age 10-17 years) with 
type 2 diabetes
N. Shehadeh1,2, P.  Galassetti3, N.  Iqbal3, C.  Karlsson4, J.  Monyak3, 
W.  Tamborlane5;
1Institute of Diabetes, Endocrinology and Metabolism, Rambam 
Health Care Campus, Haifa, Israel, 2Azrieli Faculty of Medicine, 
Bar-Ilan University, Safed, Israel, 3AstraZeneca, Gaithersburg, MD, 
USA, 4AstraZeneca, Gothenburg, Sweden, 5School of Medicine, 
Department of Pediatrics, Yale University, New Haven, CT, USA.

Background and aims: Dapagliflozin (DAPA) is approved for use in 
adults with type 2 diabetes (T2D) in numerous countries worldwide. In 
2021, the indication was extended in Europe to include young people 
(≥10 years) with T2D based on a study in patients aged 10-24 years. For 
the US, a separate study was conducted. The T2NOW study assesses 
the efficacy and safety of DAPA or saxagliptin (SAXA) in children and 
adolescents with T2D. In this abstract we consider the DAPA treatment 
arm. The SAXA treatment arm is discussed in a separate abstract.
Materials and methods: T2NOW is a 26-week, Phase 3, randomised, 
double-blind, placebo-controlled trial with a 26-week safety exten-
sion period. Patients (N=245) aged 10-17 years with HbA1c 6.5-
10.5% (48-91 mmol/mol) receiving metformin, insulin, or both, were 
randomised 1:1:1 to DAPA 5 mg (n=81), SAXA 2.5 mg (n=88) or 
placebo (PBO; n=76) (Figure). Patients receiving active drug with 
HbA1c ≥7% (53 mmol/mol) at Week 12 were further randomised 1:1 
at Week 14 to continue their current dose, or up-titrate to a higher dose 
of the same active treatment (DAPA 10 mg or SAXA 5 mg). Primary 
endpoint was change in HbA1c at Week 26 vs PBO for DAPA (5 or 
10 mg) or SAXA (2.5 or 5 mg). Secondary endpoints included change 
in fasting plasma glucose and proportion of patients (HbA1c ≥7% at 
baseline) achieving HbA1c <7.0% (53 mmol/mol) at Week 26. Safety 
is assessed throughout.
Results: Baseline characteristics were balanced between groups. In the 
DAPA and PBO groups, respectively, mean (SD) age was 14.4 (2.0) and 
14.7 (1.6) years, 60.5 and 57.9% of patients were female, with 51.9 and 
42.0% of patients White and 22.2 and 31.6% of patients Asian. Mean (SD) 

duration of T2D was 2.3 (1.7) and 2.5 (2.2) years, mean (SD) HbA1c 
8.22% (1.46) (66 [16] mmol/mol) and 7.96% (1.63) (63 [18] mmol/
mol), and mean (SD) fasting plasma glucose 9.00 (3.58) and 8.44 (3.17) 
mmol/L in the DAPA and PBO groups, respectively. Background dia-
betes therapy was metformin monotherapy in 51.9 and 51.3%, insulin 
monotherapy in 12.3 and 10.5% and metformin plus insulin in 35.8 and 
38.2%, of the DAPA and PBO groups, respectively. Primary and second-
ary endpoints will be presented, alongside proportion of patients in each 
group experiencing adverse events (AEs), AEs leading to discontinuation, 
serious AEs, hypoglycemia and diabetic ketoacidosis over 26 weeks.
Conclusion: The baseline demographic and diabetes characteristics are 
balanced and reasonably representative of the target population. There-
fore, the data from the study should provide a valid basis for establishing 
the efficacy and safety of dapagliflozin as add-on treatment in children 
and adolescents with T2D receiving metformin, insulin or both.

Clinical Trial Registration Number: NCT03199053
Supported by: AZ
Disclosure: N. Shehadeh: Employment/Consultancy; Novo Nord-
isk, Eli Lilly, Boehringer Ingelheim, Sanofi, AstraZeneca, Abbott. 
Grants; Novo Nordisk. Honorarium; Novo Nordisk, Eli Lilly, 
Boehringer Ingelheim, Sanofi, AstraZeneca, and Abbott. Other; 
Participated in a data safety monitoring board or advisory board for 
Novo Nordisk, Eli Lilly, Boehringer Ingelheim, Sanofi, AstraZen-
eca and Abbot, Received support for attending meetings or travel 
from Novo Nordisk, Eli Lilly, Boehringer Ingelheim, Sanofi and 
AstraZeneca.
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Is GFR decline induced by SGLT-2 inhibitor of clinical 
importance?
M. Günes-Altan1, A.  Bosch1, K.  Striepe1, M.  Schiffer1, P.  Bramlage2, 
R.E.  Schmieder1, D.  Kannenkeril1;
1Department of Nephrology and Hypertension, University Hospi-
tal Erlangen, Friedrich-Alexander University Erlangen-Nuremberg, 
Erlangen, Germany, 2Institute for Pharmacology and Preventive 
Medicine, Cloppenburg, Germany.

Background and aims: Sodium-glucose cotransporter 2 inhibitors 
(SGLT2i) are associated with better cardiovascular outcome and with 
nephroprotection independent of diabetes status. However, the use of 
SGLT2i often cause an initial decline in estimated glomerular filtra-
tion rate (eGFR). This study addresses the question whether there 
is a relationship between vascular improvement and GFR dipping.
Materials and methods: We measured GFR (mGFR) and calcu-
lated GFR (eGFR) in 65 patients with T2D at baseline and after 12 
weeks of treatment with either a combination of Empagliflozin (E) 
+ Linagliptin (L) (n=34) or Metformin (M) + Insulin (I) (n=31). 
mGFR was measured using the gold standard clearance technique 
by infusion of inulin. In addition, pulse wave velocity (PWV) was 
obtained at office and under ambulatory conditions. We splitted the 
study cohort according to the median change of mGFR after 12 weeks 
and compared the baseline characteristics.
Results: mGFR and eGFR decreased significantly with E+L and with 
M+I (Ott C et. al. Cardiovasc Diabetol. 2021). However, no correlation 
was noticed between the change of mGFR and change of eGFR for either 
treatment cohorts (E+L: p=0.404; M+I: p=0.460). We found a signifi-
cant decrease in office PWV in the E+L group only (8.2±1.6 to 7.8±1.5, 
p=0.028) without any change in 24-h PWV. The change of office PWV 
correlated with the change of mGFR (p=0.009) in E+L group only and 
remained significant after adjustment for the change of office systolic BP 
(p=0.018). In addition, we observed a correlation between the change of 
high sensitive C reactive protein (hsCRP) and change in mGFR (p=0.031).
We identified patients with higher albumin excretion (p=0.044), 
higher fasting plasma glucose (p=0.014) and high hsCRP (p=0.057) 
to have a greater decline in mGFR with E+L.
Conclusion: First, eGFR may not be an appropriate parameter to 
assess the true change in renal function after receiving E+L in a single 
patient. Second, after E+L medication a high decrease in mGFR goes 
in parallel with vascular improvement and less inflammation thereby 
reflecting the pleiotropic pharmacologic effects of SGLT 2 inhibitors.

Clinical Trial Registration Number: NCT02752113
Disclosure: M. Günes-Altan: None.

693
Risk of prostatitis in patients with type 2 diabetes: a retrospec-
tive database study of canagliflozin vs other antihyperglycaemic 
agents
Z. Yuan1, C.  Jeffcoat2, R.S.  Ali3, P.  Ryan3, A.  Sena3, M.  Schuemie3, 
S.  Fonseca3;
1Janssen Research & Development, Horsham, PA, USA, 2Janssen 
Global Medical Safety, Horsham, PA, USA, 3Janssen Research & 
Development, Titusville, NJ, USA.

Background and aims: Prostatitis is an infection or inflamma-
tion of the prostate gland that encompasses syndromes related to 
bacterial, non-bacterial, chronic, or asymptomatic inflammatory 
prostatitis. The condition is common and has been reported in 
patients with type 2 diabetes mellitus (T2DM) receiving antihy-
perglycemic agents, although any drug effect has not been fully 
assessed. The study evaluates incidence of prostatitis and estimate 
treatment effect in T2DM patients receiving canagliflozin vs. other 
antihyperglycemic agents.
Materials and methods: This retrospective cohort study included 
8 databases: IQVIA Ambulatory electronic medical records 
(Ambulatory EMR), IQVIA Adjudicated Health Plan Claims (Phar-
Metrics), Japan Data Management Consortium claims (JMDC), 
Optum® de-identified Electronic Health Record data set (Optum® 
EHR), Optum’s de-identified Clinformatics® Data Mart Database 
(CDM), IBM MarketScan® Commercial (CCAE), IBM MarketS-
can® Medicare Supplemental (MDCR), and IBM MarketScan® 
Multi-State Medicaid (MDCD). Five new-users exposure cohorts 
(target [canagliflozin] and 4 comparators [empagliflozin, dapagli-
flozin, sitagliptin, liraglutide];  1st dispensing as the index date) 
were created from T2DM patients (males, ≥18 years of age) who 
had at least 365 days of pre-index observation in the database. The 
pairwise comparison used propensity scores (PSs) to match cana-
gliflozin users to each of the 4 comparators in a 1:n ratio (max n 
= 100), in which PSs were modeled separately using a regularized 
logistic regression that included all baseline covariates. A condi-
tional Cox proportional hazards model was used to estimate the 
hazard ratio, conditioned on the matched set. Meta-analysis was 
performed for the pooled estimates of the treatment effect.
Results: A total of 388,893 male patients with T2DM received cana-
gliflozin, matched to 657,134 empagliflozin, 340,539 dapagliflozin, 
819,047 sitagliptin, and 278,684 liraglutide patients (mean age: 
51.2 to 71.8 years). During the follow-up period, the on-treatment 
incidence rates (per 1,000 person-years) of prostatitis in canagliflo-
zin patients were low for all databases (4.2 to 7.7), except for IBM 
MDCR (10.1 to 12.1), which were similar compared to the compara-
tors. For the comparative analysis, PS matching achieved a good bal-
ance in all available covariates. Effect estimates varied on both sides 
of the Null effect and were relatively close to HR = 1.0. The mini-
mum detectable relative risks (MDRRs) were low in most databases, 
and very often under 1.5. Meta-analytic estimates are close to 1.0 
and all upper bounds remained below 1.45. No causal effect, either 
protective or harmful, when compared with other anti-hyperglycemic 
medications was found.
Conclusion: This analysis found no evidence of an increased risk of 
prostatitis in adult patients with T2DM who received canagliflozin.

Disclosure: Z. Yuan: Employment/Consultancy; All authors are 
employees of Janssen Research & Development, LLC. Stock/Share-
holding; The authors may own stocks or options of the company.
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Empagliflozin and metformin synergy in proximal tubular epi-
thelial cells: Does the combination alleviates hyperglycaemia-
induced metabolic stress?
D. Galuška, L. Pácal, K. Chalásová, K. Kaňková;
Department of Pathophysiology, Masaryk University, Brno, Czech 
Republic.

Background and aims: Metformin remains the drug of first choice in 
type 2 diabetes mellitus (T2DM) worldwide since its beneficial meta-
bolic effects (mainly due to inhibition of oxidative phosphorylation) 
are known for a long time. A relatively new class of drugs - gliflozins 
- operate via inhibition of sodium-glucose cotransporter 2 (SGLT2) in 
the kidney proximal tubule with subsequent glycosuria and decrease 
of glycaemia. Studies in T2DM patients exhibit renal- and cardio-
protective benefits with minimal adverse effects, although particular 
molecular pathways are still unknown. The aim of this study was to 
examine how energy metabolism of proximal tubular epithelial cells 
becomes affected by empagliflozin adjunct to metformin in normo- 
and hyperglycaemia conditions by Seahorse FX and Real-Time ATP 
rate Assay Kit.
Materials and methods: Human tubular epithelial cells (HK-2) 
were grown in normoglycaemia (5 mmol/l, N) and hyperglycaemia 
(25 mmol/l, H) conditions with addition of metformin (500 μmol/l, 
NM and HM, respectively), empagliflozin (0.5 μmol/l, NG and HG, 
respectively) or both (HGM). Cells were seeded at the density of 
twenty-five thousand per well with treatment period of twenty-four 
hours. Then Real-Time ATP rate Assay kit was used according to 
manufacturer´s instruction. After the experiment cells were counted 
by Cytation 3 with Hoechst dye.
Results: According to literature, metformin inhibits complex 1 of 
OXPHOS with subsequent decrease of ratio of ATP produced in 
mitochondria/ATP produced in glycolysis. In our settings, the ratio 
was changed by metformin from 0.34, 0.35, 0.37 and 0.39 in N, NG, 
H and HG, respectively to 0.22, 0.23 and 0.24 in NM, HM, HGM, 
respectively. On the other hand, there were no changes in this ratio in 
condition with adjunct empagliflozin neither in normo- nor hypergly-
caemia conditions. MitoATP production rate (pmol/min, expressed as 
mean ± SD) also decreased in conditions with metformin. More spe-
cifically from 199 ± 4, 214 ± 8, 190 ± 12 and 194 ± 17 in H, HG, N 
and NG condition, respectively to 134 ± 15, 131 ± 16 and 132 ± 9 in 
HGM, HM and NM condition, respectively. Furthermore, total ATP 
production (pmol/min, expressed as mean ± SD) was also lower in 
all conditions with metformin. More specifically 739 ± 61, 757 ± 20, 
752 ± 56 and 747 ± 16 in H, HG, N and NG condition, respectively to 
691 ± 49, 682 ± 104 and 709 ± 35 in HGM, HM and NM condition.
Conclusion: Based on the current data we conclude that empagli-
flozin does not synergize with metformin directly via the further 
impact on energy metabolism in HK-2 cells. Beneficial effects of the 
combination are most likely mediated by different mechanisms that 
warrant further study.
Supported by: LX22NPO5104
Disclosure: D. Galuška: None.

SO 52 Targeting muscle, kidney and liver

695
Bimagrumab prevents muscle loss associated with low dietary 
protein intake in healthy volunteers or with weight loss in obesity
L. Coleman1, L.  Mindeholm1, S.  Spruill2, L.  Klickstein1, M. 
 Pruzanski1, K.  Attie1;
1Versanis Bio, New York, NY, USA, 2Applied Statistics and Consult-
ing, Spruce Pine, NC, USA.

Background and aims: Treatment of obesity with diet, bariatric surgery, 
or GLP-1 agonists results in lean mass loss as a significant proportion of 
overall weight loss. The likely mechanism is reduced protein calories, 
leading to muscle breakdown. Bimagrumab, an antibody to activin type 
II receptors A and B, induces fat loss and muscle growth without altering 
food intake. Bimagrumab’s anabolic effects on muscle with varied levels 
of dietary protein intake was investigated in a Ph1 study, while dietary 
intake was monitored in a Ph2 study in obesity with type 2 diabetes.
Materials and methods: A Ph1 study assessed the effect of 3 levels of 
dietary protein intake on muscle mass after a single i.v. dose of bima-
grumab (3 or 10 mg/kg) or placebo in healthy volunteers aged 50-75 
years with BMI 18-32 kg/m2. After a 1 week run-in with a diet provid-
ing 1X RDA protein (0.8 g/kg/d), participants housed in a clinical study 
center were assigned to 0.5X, 1X, or 1.5X RDA protein intake for 2 
weeks before and 4 weeks after drug treatment, followed by a regular 
diet through Day 43. The primary endpoint was thigh muscle volume 
(TMV) by MRI. Other endpoints included lean body mass (LBM) by 
DXA and nitrogen balance. A previously reported placebo-controlled, 
48-week, Ph2 study of bimagrumab 10 mg/kg IV q4wks vs placebo was 
conducted in persons with overweight/obesity and T2DM. Endpoints 
included changes in fat/lean mass (DXA), visceral fat (MRI), and glu-
cose metabolism, with measurements of dietary intake.
Results: 63 healthy adults (35M/28F) were randomized to 9 arms (3 
levels of protein intake and 2 bimagrumab doses or placebo). Mean 
(SD) baseline age was 56.8 (5.0) yr, BMI 26.1 (3.2) kg/m2, weight 
75.2 (11.7) kg. Mean (SD) % change in TMV was −3.4% (1.3) with 
placebo at Day 29 in the low 0.5X RDA protein group, and unchanged 
in the 1X, 1.5X RDA groups. In contrast, bimagrumab 3 or 10 mg/
kg preserved TMV in the low protein group and increased it in the 
other groups, proportional to dose and protein intake (Table). Total 
body LBM showed similar changes. Bimagrumab treatment increased 
nitrogen balance regardless of protein intake. In the obesity/diabetes 
study (40M/35F), mean (SD) age was 60.4 (7.7) yr, BMI 32.9 (3.4) 
kg/m2, weight 93.6 (14.9) kg. Bimagrumab (vs. placebo) increased 
mean lean mass by 4.5%, while reducing body weight by 6.4% and fat 
mass by 21.9%, with minimal change (<10%) in total caloric intake. 
A trend for increase in protein relative to fat intake was observed.
Conclusion: Bimagrumab as a single i.v. dose of 3 or 10 mg/kg 
increased TMV (MRI) at Day 29 in healthy adults on a normal or high 
protein diet and prevented TMV loss on a low protein diet, in contrast 
to placebo group. In persons with obesity and T2DM, bimagrumab 
decreased fat mass and increased lean mass despite minimal change in 
total caloric intake. These data suggest that bimagrumab’s muscle ana-
bolic effects could mitigate lean mass loss associated with decreased 
protein intake due to dieting and other weight loss interventions.

Disclosure: L. Coleman: None.
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Similarity and difference of intestinal actions of metformin and 
imeglimin
K. Sugawara1, H.  Mizuma2, D.  Sasaki3, A.  Kondo3, Y.  Watanabe2, 
W.  Ogawa1;
1Kobe University Graduate School of Medicine, Kobe, Japan, 2RIKEN 
Center for Biosystems Dynamics Research, Kobe, Japan, 3Graduate School 
of Science, Technology and Innovation, Kobe University, Kobe, Japan.

Background and aims: Imeglimin, an anti-diabetic drug recently launched 
in Japan, shares a structural similarity with metformin. While various 
actions of metformin on the gut have attracted wide attention, it is unclear 
whether imeglimin possesses a comparable intestinal action. We thus aimed 
to investigate the effects of imeglimin on the intestine, with a focus on gene 
expression, gut microbiota, and glucose dynamics in the intestine.
Materials and methods: C57BL/6J mice fasted for 16 hours were orally 
administered with 600 mg/kg of metformin or imeglimin, and after six 
hours intestines were removed and analyzed for gene expression. For 
the analysis of the effects on gut microbiota, KK-Ay mice were given 
3 mg/mL of each drug in drinking water for four weeks, and their fecal 
samples were analyzed for gut microbiome by 16S rRNA sequencing. 
To investigate the direct effects of the drugs on the human gut microbi-
ome, fecal samples from healthy individuals (N=10) or individuals with 
type 2 diabetes mellitus (T2DM) (N=6) were cultured in a gut simulator 
(Human Colonic Microbiota Culture Model, KUHIMM) for 48 hours 
in the presence or absence the drugs. For the analysis of intestinal glu-
cose dynamics, a glucose radiotracer 2-[18F]fluoro-2-deoxy-D-glucose 
(FDG) was intravenously administered to C57BL/6J mice that had been 
treated with each drug in drinking water (3 mg/mL) for four weeks. The 
intestine was removed one hour after the FDG administration, and the 
radioactivity of the intestinal wall and lumen was measured.
Results: Multidimensional scaling and hierarchical clustering analysis of 
comprehensive RNA-Seq data revealed that a single dose administration of 
metformin and imeglimin induced very similar effects on the gene expres-
sion. The most prominently induced gene was Gdf15, a gene implicated 
in the suppression of appetite, in both drug treatments. Four-week admin-
istration of metformin to KK-Ay mice greatly altered gut microbiota with 
a significant decrease in the Shannon index, a measure for the diversity of 
gut microbiota. At the genus level, while metformin significantly increased 
Lactobacillus, imeglimin did not have any effect. Furthermore, both met-
formin and imeglimin significantly decreased Lachnospiraceae, with met-
formin exerting a more substantial effect. In the gut simulator experiments, 
metformin, but not imeglimin, significantly increased Bifidobacterium in 
healthy individuals, and such a trend was also observed in individuals 
with T2DM. FDG administration experiments revealed that metformin 
increased the FDG accumulation in the intestinal wall and lumen in the 
lower small intestine, cecum, and colon, compared to the control group. 
On the other hand, imeglimin significantly increased the FDG accumula-
tion only in the wall of the cecum, with a significantly lower extent than 
observed in metformin-treated mice. These findings suggest that while 
metformin significantly influences glucose dynamics in the intestine, imeg-
limin has substantially weaker effects on the intestinal glucose dynamics.
Conclusion: Our findings indicate that a single dose of imeglimin 
and metformin exhibit similar effects on intestinal gene expression, 
whereas their chronic effects differ significantly on the gut microbi-
ome and the glucose dynamics in the intestine.
Supported by: Sumitomo Pharma
Disclosure: K. Sugawara: None.

697
A novel FGF-1 analogue normalises type 2 diabetes, obesity and 
NAFLD symptoms in ZDF rat model
M. Janiszewski1, T.  Jaworski1, V.  Vialichka1, E.  Swiderska1, E. 
 Mroz1, M.  Choros1, J. Hucz-Kalitowska1, B.  Miedziak1, M.  Marczak1, 

O.  Abramczyk1, A.  Czyrek2, D.  Krowarsch2, M.  Zakrzewska2, J. 
 Otlewski2, M.  Wieczorek1;
1Celon Pharma, Kielpin, Poland, 2University of Wroclaw, Wroclaw, 
Poland.

Background and aims: Fibroblast growth factor-1 (FGF-1) has been 
recognized for its crucial but still not fully understood role in the 
treatment of type 2 diabetes (T2D). We showed previously that M43, 
a novel recombinant analogue of FGF-1 binds to the insulin receptor 
(InsR). M43 activates InsR cellular pathway and induces glucose 
uptake in vitro and in vivo. Insulin resistance increases the potency 
of M43. Herein we present, that chronic treatment on Zucker Diabetic 
Fatty (ZDF) rats showed that M43 not only restores glycemic control 
but also targets and treats the metabolic syndrome symptoms: non-
alcoholic fatty liver disease (NAFLD), obesity, hypertriglyceridemia 
and hypercholesterolemia without adverse effects.
Materials and methods: Rats (n=10/group) were treated every other 
day with M43, vehicle, or liraglutide for 28 days and analyzed for 
blood morphology, blood glucose levels, insulin, glucagon, adiponec-
tin, liver enzymes and cholesterol levels. Body weight and food intake 
were measured throughout the whole experiment. An Oral Glucose 
Tolerance Test (OGTT) was performed after the fasting period. After 
euthanasia, organs were weighed and used for further biochemical 
analysis and screening of gene expressions related to diabetes and 
fatty liver performed using RT-PCR arrays. Obtained data were com-
bined by STRING Protein-Protein Interaction Networks Functional 
Enrichment Analysis.
Results: M43 was very well tolerated during the course of the treat-
ment, significantly decreasing fasting (p<0.0001) and non-fasting 
(p<0.0001) blood glucose levels. Chronic therapy reduced serum 
levels of HbA1c (p<0.0001) and glucose levels during OGTT (AUC 
diminished by 40% p<0.0001). M43 reduced food intake (p<0.0001) 
and body weight (p<0.0001) without incidents of hypoglycemia. 
Serum insulin levels decreased (p<0.005) resulting in both HOMA-
R (p<0001) and HOMA-B (p<0.01) reduction. M43 significantly 
increased serum levels oF adiponectin (p<0.005) and reduced levels 
of both cholesterol (p<0.05) and liver enzymes (ALT p<0.0001, AST 
p<0.05 and ALP p<0.0001). The treatment did not have any negative 
effects on the levels of electrolytes (including calcium and phospho-
rus) or pancreatic and kidney functions. The gross anatomy of livers 
extracted from rats treated with M43 showed depletion of fat depots 
and organ weight, which was further confirmed by decreased levels 
of triglycerides (p=0.0001) and FFA (p<0.05). Liver gene expression 
analysis, involved with NAFLD and T2D, revealed that 34 genes show 
significant differential expression between rats treated with M43 vs 
vehicle (p≤0.05). STRING analysis built for the differentially expressed 
genes showed regulation of PPAR signalling, AMPK signalling, fatty 
acid metabolism and biosynthesis and insulin signalling by M43.
Conclusion: Surprisingly, our data indicate that M43 effectively nor-
malizes a list of T2D, obesity and NAFLD biomarkers, through its 
mechanistic interaction with InsR.
Supported by: NCBR
Disclosure: M. Janiszewski: Grants; POIR.04.01.04-00-0117/15.

698
Finerenone increases the likelihood of improved KDIGO risk 
category in patients with type 2 diabetes and CKD: an analysis 
from FIDELITY
S.E. Inzucchi1, G.  Filippatos2, S.D.  Anker3, C.  Wanner4, T.  Shafi5, 
N.  Tangri6,7, B.  Pitt8, R.  Weingold9, M.  Brinker10, C.  Scott11, L. 
 Roberts11, P.  Rossing12,13;
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Background and aims: Chronic kidney disease (CKD) in type 2 dia-
betes (T2D) is characterised by a progressive decline in kidney func-
tion, which can lead to end-stage kidney disease (ESKD) and increased 
cardiovascular and mortality risk. In FIDELITY, a prespecified pooled 
analysis of FIDELIO-DKD and FIGARO-DKD, finerenone demon-
strated significant cardiorenal benefits in patients with T2D and CKD. 
The Kidney Disease: Improving Global Outcomes (KDIGO) heat map, 
which categorises kidney function based on GFR and urine albumin-
to-creatinine ratio (UACR), ordered by risk of progression to ESKD 
(low, moderate, high, very high), is emerging as a useful educational 
tool. This post hoc analysis of FIDELITY investigated the effect of 
finerenone, a nonsteroidal mineralocorticoid receptor antagonist, versus 
placebo on improvement or worsening of KDIGO risk category.
Materials and methods: In FIDELITY, 13,024 patients were ran-
domised 1:1 to finerenone or placebo (median follow-up 3.0 years). 
Patients were categorised based on their baseline KDIGO risk category. 
ORs for change in risk category from baseline to month 36 were calcu-
lated using logistic regression models adjusted for randomised treatment, 
age, sex, body mass index, region and glycated haemoglobin. Improve-
ment in risk category was defined as a shift to a lower risk category (e.g. 
very high to high, high to moderate, moderate to low) accompanied by 
≥30% UACR decrease or ≥20% eGFR increase from baseline. Worsen-
ing risk was defined as a shift to a higher risk category (e.g. low to mod-
erate or worse, moderate to high or worse, high to very high) accompa-
nied by a ≥30% UACR increase or ≥20% eGFR decrease from baseline.
Results: At baseline, 89% of 13,024 patients in FIDELITY were 
in the high or very high (higher) KDIGO risk categories, with 11% 
being in the moderate or low (lower) risk categories. There were 
higher odds of improvement in risk category with finerenone than 
with placebo (OR at month 36: 1.39; 95% CI 1.24-1.55; p<0.0001). 
Moreover, there were higher odds of either improvement or stability 
in KDIGO risk category with finerenone than with placebo (OR at 
month 36: 1.17; 95% CI 1.08-1.26; p=0.0001). The odds of shifting 
to a worsening risk category were significantly lower for finerenone 
versus placebo (OR at month 36: 0.83; 95% CI 0.77-0.90; p<0.0001).
Conclusion: Patients with T2D and CKD receiving finerenone expe-
rience a 40% greater likelihood of shifting to a lower KDIGO risk cat-
egory and a 17% lower likelihood of shifting to a higher risk category 
than those receiving placebo. These data, illustrated on the KDIGO 
heat map, may prove helpful in conversations with patients about the 
kidney benefits of finerenone.
Clinical Trial Registration Number: NCT02540993 and 
NCT02545049
Supported by: Bayer AG
Disclosure: S.E. Inzucchi: Employment/Consultancy; Bayer AG. 
Honorarium; Bayer AG. Non-financial support; Bayer AG.
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Background and aims: Recent (pre-)clinical studies have highlighted 
the therapeutic potential of selective stimulation of either β2- or 
β3-adrenoceptors (ARs) in treating obesity and associated metabolic 
perturbations, mediated via actions on either skeletal muscle (SM) or 
brown adipose tissue (BAT). However, currently available β2 or β3-AR 
agonists are associated with detrimental cardiovascular side-effects due 
to the induction of intramyocellular cAMP, hampering further translation 
into clinical trials. To circumvent these limitations, we have designed and 
developed a novel adrenergic agonist, named ATR-127, which stimulates 
both β2- and β3-ARs to induce collective beneficial effects in both SM 
and BAT whilst limiting cAMP and investigated its therapeutic potential
Materials and methods: ATR-127 was used in a wide array of in vitro and 
in vivo (mice) experiments and its capacity to affect SM and BAT glucose 
uptake and/or thermogenesis, fat mass and liver pathology was investigated.
Results: Stimulation of L6 muscle cells significantly increased 
GLUT4-mediated glucose uptake (p ≤ 0.0001), independent of cAMP 
accumulation. Similarly, acute injection of ATR-127 increased in 
vivo SM glucose uptake, albeit to a lower extent than insulin and 
clenbuterol. ATR-127 dramatically increased oxygen consumption 
in human primary BAT cells (p ≤ 0.01), which was paralleled by an 
increased expression of UCP1. In line with this, acute injection of 
ATR-127 markedly increased oxygen consumption and basal energy 
expenditure in mice (p ≤ 0.0001 and p = 0.027, respectively). Daily 
treatment of DIO mice with ATR-127 for 3-weeks significantly 
improved glucose homeostasis after merely 4 days of treatment 
(AUC: p ≤ 0.001), as well as reduced fasting glucose (p = 0.014) and 
insulin concentrations (p = 0.0019). These effects were accompanied 
by a significant reduction in body weight (p ≤ 0.0001) and fat mass 
(p ≤ 0.0001), whilst lean mass was preserved (p = 0.97). In addition, 
prolonged ATR-127 treatment increased markers of BAT browning, 
as well as markedly decreased hepatic steatosis and inflammation.
Conclusion: Our newly developed adrenergic agonist ATR-127 targets 
β2- and β3-ARs and enhances SM and BAT glucose uptake, as well as 
increases BAT and whole-body thermogenesis. In DIO mice, ATR-
127 markedly improved glucose homeostasis, reduced body weight 
and fat mass, improved hepatic steatosis and inflammation. Combined, 
these results strongly suggest that ATR-127 could be a potential novel 
therapy to combat diabesity and its comorbidities in humans.
Disclosure: G.K. Yakala: None.
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YH40863, a novel long-acting GLP-1xGDF15 dual agonist, elicits 
potent and sustained body weight reduction and glycaemic con-
trol in animal models
D.-E. Hwang, D.-H. Kim, M. Ju, B. Sim, Y. Lee, D.-H. Kim, S. Lim, 
J. Kim, S.-W. Oh;
Yuhan Corporation, Seoul, Republic of Korea.

Background and aims: Glucagon like peptide-1 (GLP-1) mediates 
multiple biological activities through the GLP-1 receptor (GLP-1R), 
and numerous GLP-1 receptor agonists (GLP-1RAs) have been utilized 
in clinical treatment for type 2 diabetes (T2D) and obesity. Growth 
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differentiation factor 15 (GDF15) is a multifunctional protein associ-
ated with body weight regulation by reducing food intake with unique 
mode of action via its receptor GDNF family receptor α-like (GFRAL) 
and the co-receptor RET. GDF15 which also exerts diverse biological 
activities has emerged as an attractive target for metabolic intervention. 
GLP-1 and GDF15 have largely distinct mechanisms of action, suggest-
ing the therapeutic potential of GLP-1 and GDF15 dual agonist with 
improved efficacy. Herein, we describe the in vitro and in vivo efficacy 
of the novel GLP-1xGDF15 dual agonist YH40863.
Materials and methods: In vitro potency of YH40863 for the GLP-
1R and GDF15 receptors was assessed in receptor overexpressing 
HEK293 cells. In addition, the pharmacokinetics (PK) of YH40863 
was investigated following a single subcutaneous administration 
in C57BL/6 mice. The serum concentrations of active GLP-1 and 
GDF15 parts were measured by ELISA method. In vivo, YH40863 
was subcutaneously injected in diet-induced obese (DIO) and obese 
diabetic (ob/ob and db/db) mice to demonstrate efficacy in body 
weight and blood glucose level.
Results: YH40863 exerted comparable GDF15 and GLP-1 potency to 
a Fc-fused wild type GDF15 and native GLP-1 peptide, respectively. In 
mice, compared with mono-component, YH40863 showed a superior 
PK profile for the GDF15 part. Notably, PK of the GLP-1 part were 
remarkably improved, resulting in well-balanced PK profiles between 
the active GLP-1 and GDF15 parts of YH40863. In addition, YH40863 
exhibited highly potent and sustained weight loss and glucose-lowering 
effects in obese and diabetic mouse models. Following a 4-week repeat 
dose study in DIO mice, YH40863-treated groups induced significantly 
more potent and sustained body weight loss compared to the group of 
semaglutide, GLP-1/GCG, and GLP-1/GIP. After a single subcutaneous 
injection in diabetic mice, YH40863-treated groups showed sustained 
glucose lowering effect beyond 2 weeks in a dose-dependent manner. 
Following repeat dose study in diabetic mice, YH40863 had a signifi-
cantly greater impact on random and fasting blood glucose, HbA1c, and 
insulin resistance compared to diabetes medications. The significantly 
improved lipid profile and liver damage markers were also proven in 
obese and diabetic mice by YH40863.
Conclusion: The novel long-acting GLP-1xGDF15 dual agonist 
YH40863 has shown promising results in reducing body weight and 
improving glycemic control in rodent models. Taken together, these 
findings indicate YH40863 would be a highly effective therapeutic 
option for obesity and T2D.
Disclosure: D. Hwang: None.
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Background and aims: Finerenone, a selective nonsteroidal min-
eralocorticoid receptor antagonist, improved cardiovascular (CV) 
outcomes with a favourable trend on kidney outcomes in patients 
with chronic kidney disease and type 2 diabetes in FIGARO-DKD. 
This analysis explored the benefits of finerenone in Chinese patients.
Materials and methods: Patients with type 2 diabetes, urine albu-
min-to-creatinine ratio (UACR) ≥30-<300 mg/g and estimated glo-
merular filtration rate (eGFR) ≥25-≤90 ml/min/1.73  m2 or UACR 
≥300-≤5000 mg/g and eGFR ≥60 ml/min/1.73  m2, treated with opti-
mised renin-angiotensin system blockade were randomised to finer-
enone or placebo. The CV composite outcome was time to CV death, 
nonfatal myocardial infarction, nonfatal stroke or hospitalisation for 
heart failure. The key secondary kidney composite outcome was time 
to kidney failure, sustained eGFR decline ≥40% from baseline or 
renal death. Further outcomes included a kidney composite (sustained 
eGFR decline ≥57% from baseline) and change in UACR.
Results: Of 325 Chinese patients, 50% received finerenone. Chinese 
patients had a higher eGFR and UACR at baseline vs the total trial pop-
ulation from the rest of world (ROW). Finerenone significantly reduced 
the risk of the key secondary kidney outcome in Chinese patients (HR 
0.48; 95% CI 0.29-0.79) vs ROW (HR 0.87; 95% CI 0.76-1.01), with no 
significant heterogeneity (p-interaction 0.41). Finerenone reduced risk 
of the ≥57% composite kidney outcome in Chinese patients and ROW 
(HR 0.40; 95% CI 0.19-0.83 and HR 0.77; 95% CI 0.60-0.99). The effect 
of finerenone on CV outcomes was consistent between Chinese patients 
and ROW (HR 0.91; 95% CI 0.50-1.67 and HR 0.87; 95% CI 0.76-
0.98, respectively; p-interaction 0.49). A greater reduction in UACR at 
month 4 was observed with finerenone vs placebo in Chinese patients 
(ratio of least-squares [LS] means 0.61; 95% CI 0.53-0.70) and ROW 
(ratio of LS means 0.68; 95% CI 0.65-0.70). Overall, finerenone demon-
strated similar safety across populations. Hyperkalaemia adverse events 
(AEs) were increased with finerenone vs placebo in ROW. Incidence of 
hyperkalaemia was higher in the Chinese population vs ROW (18.8% vs 
8.0%), but similar between finerenone and placebo (19.1% vs 18.5%).
Conclusion: Cardiorenal benefits of finerenone in Chinese patients 
were broadly consistent with ROW, with higher rates of hyperkalae-
mia AEs but no notable differences between treatment groups.
Clinical Trial Registration Number: NCT02545049
Supported by: BAYER AG Sponsored Clinical Trial - FIGARO-DKD
Disclosure: P. Li: None.
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Background and aims: RCTs have shown that glucagon-like peptide-1 
receptor agonists (GLP-1RAs) are effective glucose- and body weight-
lowering agents in patients with type 2 diabetes (T2D) and low esti-
mated glomerular filtration rate (eGFR); however, studies are lacking 
on their comparative effectiveness relative to other glucose-lowering 
agents in this population. Sodium-glucose cotransporter-2 inhibitors 
(SGLT2is) are recommended for people with T2D and chronic kidney 
disease (CKD) owing to their favourable kidney and cardiovascular 
effects. This study aims to determine the real-world effectiveness of 
GLP-1RAs versus SGLT2is on glycaemic control and body weight 
reduction, in patients with T2D and moderate CKD.
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Materials and methods: In this active-comparator new-user cohort 
study, patients (age ≥18 years) with T2D and moderate CKD 
(defined as having a recorded eGFR 30-60 mL/min/1.73  m2 within 
1 year prior to initiation of study drug) who initiated a GLP-1RA 
or SGLT2i between 2007 and 2022 and had a second prescription 
within 90 days, were identified in the Clinical Practice Research 
Datalink Aurum database. Included patients were propensity score 
matched 1:1 across treatment groups. A mixed model with repeated 
measures using baseline level and all available follow-up measure-
ments was used to estimate the 6-month absolute differences and 
changes in  HbA1c and body weight, in an intention-to-treat-like 
analysis. Secondary outcomes included the proportions of patients 
achieving  HbA1c <7.0% (among patients with baseline  HbA1c ≥7%) 
and a body weight reduction >5%.
Results: This analysis included 2,065 GLP-1RA-initiators (mean 
age, 69.7 years; 53% men; mean eGFR, 49.2 mL/min/1.73  m2; 
mean  HbA1c, 9.2%; mean body weight, 98.7 kg) matched to 2,065 
SGLT2i-initiators (mean age, 71.8 years; 59% men; mean eGFR, 
50.2 mL/min/1.73  m2; mean  HbA1c, 8.7%; mean body weight, 89.0 
kg). The most commonly initiated GLP-1RAs were dulaglutide 
(n=828) and liraglutide (n=478); the most commonly initiated 
SGLT2is were dapagliflozin (n=572) and empagliflozin (n=408). 
At 6 months, GLP-1RA treatment was associated with a signifi-
cantly larger reduction in  HbA1c vs SGLT2i (-1.02%-point [95% 
CI: -1.12;-0.93] vs -0.69%-point [95% CI: -0.80;-0.58]; estimated 
treatment difference (ETD) -0.33%-point [95% CI: -0.48;-0.19]; 
p<0.001). Among patients with baseline  HbA1c ≥7%, 26.7% and 
13.8% achieved  HbA1c <7.0% with GLP-1RAs and SGLT2is, 
respectively. Reductions in mean body weight were similar with 
GLP-1RAs (-3.1 kg [95% CI: -3.50;-2.69]) and SGLT2is (-3.4 kg 
[95% CI: -3.95;-2.93]) (ETD 0.34 kg [95% CI: 0.31;1.00]), and a 
body weight reduction >5% was observed in 35.3% and 32.1% of 
GLP-1RA- and SGLT2i-treated patients, respectively.
Conclusion: In patients with T2D and moderate CKD, GLP-1RAs 
were associated with greater reductions in  HbA1c and comparable 
reductions in body weight compared with SGLT2is. GLP-1RAs may 
be preferred for managing hyperglycaemia in this population.
Supported by: Novo Nordisk A/S
Disclosure: P. Rossing: Employment/Consultancy; All honoraries 
to Steno: Astellas, AstraZeneca, Bayer, Boehringer Ingelheim, Eli 
Lilly, Gilead, MSD, Mundipharma, Novo Nordisk, Vifor, and Sanofi 
Aventis. Grants; AstraZeneca and Novo Nordisk. Lecture/other fees; 
Astellas, AstraZeneca, Bayer, Boehringer Ingelheim, Eli Lilly, Novo 
Nordisk, and Sanofi Aventis.
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Non-adherence to glucose lowering medication contributing to 
treatment intensification: sub-groups at risk and implications 
for care
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Background and aims: People with above-target HbA1c are often 
managed by intensifying drug treatment. It is unclear to what extent 
intensification occurs when loss of HbA1c control is driven by non-
adherence to therapy. We aimed to: i) study the association between 
adherence and intensification in people with above-target HbA1c and 
ii) identify the proportion of potentially unnecessary intensifications.
Materials and methods: We conducted a cohort study of people with 
incident type 2 diabetes after 2006 using the Clinical Practice Research 
Datalink database of UK primary care records. Adherence was defined 
as ≥ 80% of days covered by a prescription in the first year of treatment. 
Intensification was defined as medication additions, switches or dose 
increases in the second year of treatment. The sample was limited to 
people with HbA1c ≥ 53mmol/mol in the second year of treatment. 
Logistic models compared likelihood of intensification in non-adherent 
versus adherent individuals, adjusting for: age, then socio-demograph-
ics, cardiovascular disease (CVD) risk factors, comorbidity, polyphar-
macy, healthcare use and glucose-lowering treatment type. We studied 
potential effect modification by baseline HbA1c tertile in a sub-group 
analysis. Finally, we identified the proportion of (potentially unneces-
sarily) intensified individuals who were non-adherent.
Results: 1,523/19,889 (7.7%) people adherent to and 807/9,367 (8.6%) 
people non-adherent to glucose-lowering treatment had their treatment 
intensified. The non-adherent group was younger than the adherent 
group (median [IQR] age in years: 56 [48, 66] vs. 60 [51, 69] respec-
tively), more likely to be of South Asian or African/ Caribbean eth-
nicity, and on fewer medications. HbA1c at treatment initiation was 
similar (71 mmol/mol [60, 91] vs. 72 mmol/mol [61, 93]).Non-adherent 
people were 14% more likely than their adherent counterparts to have 
their treatment intensified (OR [95% CI]:1.14 [1.04, 1.24], figure 1). 
The association attenuated on age-adjustment (1.08 [0.98, 1.18]), but of 
note, intensification remained comparably likely for non-adherent and 
adherent people even in the fully-adjusted model (1.09 [0.99, 1.19]). 
Intensification appeared more likely for individuals with a baseline 
HbA1c exceeding 85 mmol/mol (p=0.04). Of those intensified in the 
second year of treatment, 838 (35%) were non-adherent.
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Conclusion: People who were non-adherent to glucose-lowering 
therapy were at least as likely to have their medication intensified 
as those who were adherent. Intensification appeared to be driven by 
baseline HbA1c rather than treatment use. Thus, a third of glucose-
lowering treatment intensifications may be inappropriate. Clinician 
education and use of electronic decision support systems that flag 
non-adherence could reduce inappropriate intensification.

Supported by: Diabetes UK Sir George Alberti Clinical Training 
Fellowship (17/0005588)
Disclosure: S.V. Eastwood: None.
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Background and aims: Testosterone replacement therapy (TRT) has 
been reported to reduce insulin resistance, HbA1c, obesity and mor-
tality and improve quality of life, sexual function. The Association 
of British Clinical Diabetologists (ABCD) has set up as part of their 
audit programme a Worldwide Audit of Testosterone in Men with 
Type 2 Diabetes. The aim of the audit is to determine the real world 
benefits and safety of TRT on symptoms, glycaemic control, obesity, 
other cardiometabolic parameters and on cardiovascular events and 
diabetes complications. Individual centres that take part can audit 
their own clinical practice.
Materials and methods: Audit forms have been set up on a web 
page (www. diabe tolog ists- ABCD. org. uk/ Testo stero ne/ ). Prospective 
and retrospective anonymised data can be inserted. Both treated and 
untreated patients can be inserted. Only data collected as a result 
of normal clinical practice is inserted. Testosterone guidelines state 
that after initiation of TRT patients should be reviewed at 3, 6, 12 
months and yearly thereafter. 34 centres have joined the audit with 
428 patients entered. Mean Age 71.44+8.71yrs.The testosterone 
formulations used for patients are gels and long acting testosterone 
undeconoate intramuscular injections. We have evaluated HbA1c on 
paired data after 3, 12 and 24 months on evaluable patients treated 
with TRT.

Results: After 3 months mean ± SD HbA1c fell by 4.9 ± 7.3 from 
71.0 ± 14.3 to 66.1 ± 11.2 mmol/mol (n=81, p<0.001), after 12 
months by 9.6 ± 7.4 from 71.3 ± 10.1 to 61.7 ± 7.8 mmol/mol 
(n=121, p<0.001) and after 24 months by 15.4 ± 8.7 from 71.2 ± 
9.3 to 55.8 ± 7.2 mmol/mol (n=101, p<0.001).4mmol/mol after 24 
months 55.97mmol/mol.
Conclusion: In conclusion early data does confirm that TRT does 
improve glycaemic control. The fact that HbA1c continues to 
decrease over time is likely to be due to the ongoing effect of testos-
terone on fat reduction. More data from increased number of patients 
included in the audit and longer term data to determine if there are 
any indicators as to which type of patient is like to respond.
Supported by: ABCD
Disclosure: H. Jones: Grants; Association of British Clinical 
Diabetologists.
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Medicine, University Medical Center Hamburg Eppendorf, Hamburg, 
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Background and aims: Studies in animals and humans indicate that 
the neuropeptide oxytocin, in addition to its role in reproductive physi-
ology and psychosocial processes, modulates metabolic functions. We 
have previously demonstrated that intranasally administered oxytocin 
acutely improves beta-cell responsivity and glucose tolerance in normal-
weight men, but not in men with obesity. With the aim to investigate the 
potential of oxytocin to improve glucose homeostasis in individuals with 
pronounced insulin resistance, here we assessed the acute glucoregula-
tory impact of intranasal oxytocin in patients with type 2 diabetes.
Materials and methods: In a double-blind crossover comparison, intra-
nasal oxytocin (24 IU) and placebo, respectively, were administered to 
25 fasted male individuals with non-insulin-treated type 2 diabetes (age 
± SEM, 63.40 ± 1.36 years; BMI, 27.77 ± 0.66 kg/m2; HbA1c, 6.86 ± 
0.08%; HOMA-IR, 3.5 ± 0.3) 50 min before they underwent an oral glu-
cose tolerance test (oGTT). Results of key parameters were compared 
to our previous findings in participants with normal weight (age, 25.1 
± 0.8 years; BMI, 23.0 ± 0.2 kg/m2; HOMA-IR, 0.9 ± 0.1) or obesity 
(age, 24.7 ± 0.95 years; BMI, 35.3 ± 1.12 kg/m2, HOMA-IR, 3.7 ± 0.4).
Results: Oxytocin compared to placebo did not alter measures of post-
prandial glucose metabolism. AUC values covering the 180 min after 
the start of the oGTT averaged 1004 ± 69 vs. 974 ± 63 mmol/l*min 
for glucose, 36,499 ± 4359 vs. 35,399 ± 4078 pmol/l*min for insu-
lin, and 159.60 ± 12.64 vs. 157.58 ± 12.99 nmol/l*min for C-peptide 
(p>0.3 for all comparisons). Lactate and NEFA concentrations likewise 
remained unaffected. Heart rate was reduced in the oxytocin vs. pla-
cebo condition, averaging 65.28 ± 1.45 vs. 68.80 ± 1.53 bpm (p<0.01) 
at 120 min and 64.12 ± 1.79 vs. 68.24 ± 2.00 bpm (p<0.05) at 180 
min post-administration (p<0.05 for ANOVA factor Treatment across 
the study period).
Conclusion: Patients with type 2 diabetes do not show acute improve-
ments in glucoregulation after oxytocin administration. This finding 
contrasts with previous observations of beneficial effects of oxytocin 
on glucose homeostasis in normal-weight men, but is in line with 

http://www.diabetologists-abcd.org.uk/Testosterone/
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negative results in individuals with obesity. Results suggest that insu-
lin resistance in type 2 diabetes is associated with decreased sensitivity 
to the acute glucoregulatory impact of exogenous oxytocin. The poten-
tial of oxytocin in diabetes therapy needs to be further investigated by 
testing dose-response relationships and long-term effects.
Supported by: a project grant from the German Center for Diabetes 
Research (DZD) to M.H.
Disclosure: N. Röhm: None.
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Atorvastatin improves glucose metabolism and reverses the 
diabetic state in a non-genetic mouse model of type 2 diabetes
R.J. Moreira1, M.L.  Michalani1, M.M.  Okamoto1, C.Y.  Yonamine2, 
U.F.  Machado1;
1University of São Paulo, São Paulo/SP, Brazil, 2Novo Nordisk Foun-
dation Center for Basic Metabolic Research, University of Copenha-
gen, Copenhagen, Denmark.

Background and aims: Diabetes mellitus (DM) and its chronic com-
plications, such as dyslipidemia, are major public health problems, 
making it essential to improve measures to improve glycemic control 
and reduce the incidence of these complications. Several beneficial 
effects of statins have been identified in addition to cholesterol reduc-
tion. However, the impact of statins on glucose metabolism is con-
troversial and the molecular mechanisms are still poorly understood. 
Thus, the aim of this study is to evaluate the impact of Atorvastatin on 
glucose metabolism in a non-genetic mouse model of type 2 diabetes.
Materials and methods: Five-week-old male C57BL/6J mice were 
fed with high-fat diet (HFD) for 6 weeks. After that, streptozotocin 
(STZ, two doses of 75mg/kg body weight, 8 days apart from each 
dose) was injected, and the HFD continued for the entire protocol. 
The control group was fed with standard diet and injected with cit-
rate buffer (same volume). Ten days after STZ, glycemia was evalu-
ated, and only animals with glycemia ≥ 250 mg/dL were consid-
ered diabetic (DM) and included in the study. The animals with DM 
were divided into 2 subgroups: Diabetes (DM) and DM with Sta-
tin (DM+ATV) that received treatment with Atorvastatin in HFD 
(0.1% wt /wt). The animals were evaluated over 24 weeks on some 
DM markers, insulin tolerance test (ITT) and glucose tolerance test 
(GTT). After 24 weeks of treatment the animals were euthanized, 
the blood was collected and the gastrocnemius muscle was removed 
and dissected. Gastrocnemius was prepared for analysis by western 
blot to quantificate the glucose transporter type 4 (GLUT4) contend.
Results: DM group revealed increased fasting glycemia (by 2.4 folds, 
P<0.0001), decreased plasma insulin concentration (by 2.9 folds, 
P<0.0001), increased percentage of fat mass (by 1.25 folds, P<0.05), 
decreased rate of glucose decay in ITT and decreased glucose tolerance 
in GTT, compared to Control group, in all periods (6, 12, 24 weeks 
of DM). However, treatment with ATV reversed most of the altered 
parameters observed in the DM group. The DM+ATV group presented 
decreased fasting glycemia (by 3.2 folds, P<0.0001), decreased plasma 
insulin concentration (by 1.6 folds, P<0.001), decreased percentage 
of fat mass (by 2.4 folds, P<0.001), increased rate of glucose decay in 
ITT and increased glucose tolerance in GTT, compared to DM group, 
in all periods (6, 12, 24 weeks of DM). When analyzing the total 
GLUT4 content in the gastrocnemius, a decrease was found (by 1.4 
folds P<0,05) in both groups that was submitted to STZ protocol (DM, 
DM+ATV), with no changes observed by the treatment with ATV.
Conclusion: The results show that atorvastatin has beneficial effects 
on glucose metabolism and DM markers, even when used for long 

time. However, additional studies are needed to investigate the 
molecular mechanisms involved in improving glucose metabolism 
and reversing the diabetic state.
Supported by: FAPESP (#2016/15603-0 and #2018/26013-5).
Disclosure: R. J. Moreira: Grants; FAPESP (#2016/15603-0 and 
#2018/26013-5).

707
A phase 3 trial to evaluate the efficacy and safety of chiglitazar 
added to metformin in Chinese patients with type 2 diabetes inad-
equately controlled on metformin monotherapy
L. Gao1, L.  Ji1, X.  Dong2, Z.  Cheng3, X.  Zhang4, W.  Sun5, J.  Ma6, 
RECAM Study Group;
1Peking University People’s Hospital, Beijing, China, 2Jinan Central 
Hospital, Jinan, China, 3The Fourth Affiliated Hospital of Harbin 
Medical University, Haerbin, China, 4Genertec Liaoyou Gem Flower 
Hospital, Panjin, China, 5Yueyang People’s Hospital, Yueyang, China, 
6Nanjing First Hospital, Nanjing, China.

Background and aims: Metformin is recommended as first-line phar-
macological therapy for type 2 diabetes, but the combination therapy 
is needed to achieve appropriate glycemic control and risk manage-
ment of micro- and macrovascular complications due to the progressive 
nature of the disease. Chiglitazar (Carfloglitazar), a novel peroxisome 
proliferator-activated receptor (PPAR) pan-agonist, has been proved 
with a good safety profile and promising effects on both glycemic 
control and lipid modulation in drug-naïve type 2 diabetes patients. 
The RECAM study was a randomized double blind placebo-controlled 
phase 3 trial to evaluate the efficacy and safety of Chiglitazar as an add-
on to metformin therapy in patients with type 2 diabetes.
Materials and methods: T2DM patients who had not achieved suf-
ficient glycemic control (HbA1c: 7.0~10.5%) with metformin mono-
therapy (≥1500 mg/day or the maximum tolerated dose) for ≥8 weeks 
were enrolled and randomized (1:1:1) to receive chiglitazar 32 mg or 
48 mg, or placebo once daily as an add-on to metformin therapy for 
24 weeks. The primary endpoint was the change in HbA1c at week 
24 from baseline.
Results: A total of 533 patients were enrolled and randomized to 
placebo (n=178), Chiglitazar 32 mg (n=178) and chiglitazar 48 mg 
(n=177) groups. At week 24, both doses of chiglitazar showed signifi-
cant reduction in HbA1c compared with placebo (LS mean difference 
-0.42% [95% CI -0.60 to -0.25] and -0.65% [95% CI -0.82 to -0.48] 
for 32 mg and 48 mg, respectively). Fasting plasma glucose, 2-h post-
prandial plasma glucose, triglycerides and free fatty acid were also sig-
nificantly decreased by both doses of chiglitazar compared to placebo. 
High-density lipoprotein cholesterol was significantly increased while 
very low density lipoprotein cholesterol levels was slightly decreased 
by chiglitazar comapred to placebo. Adverse events (AE) were simi-
lar in frequency and serious AE were relatively lower in chiglitazar 
groups than placebo. The incidences of edema and bone fracture were 
generally low but relatively higher in chiglitazar groups. Fewer cardio-
vascular events were seen in the chiglitazar groups than in the placebo 
group (Table). The differences in body weight change at week 24 from 
baseline between the two doses of chiglitazar and placebo were 1.02 
kg and 1.28 kg, respectively.
Conclusion: Chiglitazar once-daily as an add-on to metformin sig-
nificantly improved glycemic control, reduced triglycerides and free 
fatty acid, increased high-density lipoprotein cholesterol, and was 
generally well-tolerated by Chinese T2DM patients inadequately 
controlled on metformin monotherapy.
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Clinical Trial Registration Number: NCT04807348
Supported by: Chipscreen
Disclosure: L. Gao: None.
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Alpha-cyclodextrin increases GLP-1 secretion and causes weight 
loss in mice
M.M. Smits1,2, L. von  Voss1, E.E.  Beaman1, A.O.  Brethvad1, J.J. 
 Holst1,3, M.  Rosenkilde1;
1Department of Biomedical Sciences, University of Copenhagen, 
Copenhagen, Denmark, 2Amsterdam Cardiovascular Sciences, 
Amsterdam, Netherlands, 3Novo Nordisk Foundation Center of 
Basic Metabolic Research, University of Copenhagen, Copenhagen, 
Denmark.

Background and aims: A-cyclodextrin is a non-absorbable and solu-
ble fiber, consisting of 6 glucose molecules in a cylindrical form. 
While used in the food industry, several studies have shown that 
α-cyclodextrin may cause weight loss. We hypothesized this is due 
to an increase in GLP-1 secretion.
Materials and methods: First, we tested GLP-1 secretion in vitro in 
GLUTag cells. We then performed isolated colon perfusion in Wistar 
rats (n=22), where α-cyclodextrin was given in different doses via the 
colonic lumen or blood supply. GLP-1 levels were measured in efflu-
ent from the portal vein. Next, we performed 2 in vivo studies: (1) lean 
C57Bl/6J mice (n=14, 22 g at baseline) received daily α-cyclodextrin 
2 g/kg p.o. for 33 days; (2) diet-induced obese C57Bl/6J mice (n=22, 
61 g at baseline) received α-cyclodextrin 20% or cellulose 20% mixed 
with high-fat diet for 28 days. Both in vivo studies ended with an OGTT 
(2 g/kg).
Results: In 120 min incubations, α-cyclodextrin increased GLP-1 
secretion in GLUTag cells. At 0.1%, an increase of mean±SEM 
127±48% (p=0.048) was seen, and at 1% this was 222±48% 
(p=0.0002). Higher concentrations (10 and 20%) appeared toxic to 
GLUTag cells. Addition of nifedipine impaired the α-cyclodextrin 
effect. In the rat perfusion model, a similar dose-responsive effect was 
seen with luminal perfusion (1% increased GLP-1 secretion by 25±8 
fmol/min compared to baseline, p=0.03; 20% increased GLP-1 by 
71±8 fmol/min, p<0.0001), without signs of toxicity. Vascular admin-
istration had no effect on GLP-1 secretion from the colon. In lean mice, 
once daily α-cyclodextrin versus saline caused weight loss (1.2±0.4 
g, p=0.049). The AUC-glucose after the OGTT was not affected by 
α-cyclodextrin (difference of 100.9±70.9 mmol/L/120min, p=0.18), 
and GLP-1 levels were similar for α-cyclodextrin and saline. In the 

obese mice, adding 20% α-cyclodextrin to high-fat diet caused strong 
weight loss (9.9±1.3 g, p<0.0001). However, weight loss was similar 
in the cellulose group (difference between α-cyclodextrin and cellulose 
was 1.2±2.6 g, p>0.999). Compared to cellulose, the α-cyclodextrin 
group ate less (p=0.03 over the entire treatment period, max difference 
1.3±0.4 g/day). During a 30-min OGTT, no statistical differences were 
observed in glucose, insulin and GLP-1; yet glucose (max difference 
2.4±1.4 mmol/L) and insulin levels (384±111 pmol/L) tended to be 
lower in the α-cyclodextrin group, while active GLP-1 was slightly 
higher (7.1±2.8 pmol/L). L-cell density was increased (0.06±0.01 
L-cells/crypt, p=0.009) in the distal colon in the α-cyclodextrin group. 
No adverse effects were seen in the in vivo studies.
Conclusion: A-cyclodextrin increases GLP-1 secretion in a dose-
dependent manner in vitro and in isolated colon perfusion models. 
In vivo administration causes weight loss in lean and obese mice 
(albeit similar to cellulose in the obese mice), reduces food intake, 
and increases L-cell density in the distal colon, independent of effects 
on post-OGTT plasma GLP-1 levels. A-cyclodextrin could be a safe 
and easy addition to food products to help to reduce body weight.
Disclosure: M.M. Smits: None.

709
Dulaglutide and glomerular hyperfiltration and albuminuria in 
youth with type 2 diabetes: results from the AWARD-PEDS study
P. Bjornstad1, S.  Arslanian2, T.  Hannon3, P.  Zeitler1, J.  Francis4, A. 
 Curtis4, I.  Turfanda4, D.  Cox4;
1Children’s Hospital Colorado and University of Colorado School 
of Medicine, Aurora, CO, USA, 2University of Pittsburgh Medical 
Center and Children’s Hospital of Pittsburgh, Pittsburgh, PA, USA, 
3Indiana University School of Medicine, Indianapolis, IN, USA, 4Eli 
Lilly and Company, Indianapolis, IN, USA.

Background and aims: AWARD-PEDS demonstrated superiority of 
dulaglutide (DU) vs. placebo (PBO) in improving glycemic control 
in youth with type 2 diabetes (T2D) and an overall safety profile con-
sistent with that established in adults, without a significant effect on 
body mass index (BMI). Both glomerular hyperfiltration and elevated 
albuminuria are prevalent among youth T2D, yet therapeutic options 
are limited. The aim of these post hoc analyses was to examine changes 
in laboratory measures of kidney function, glomerular hyperfiltration, 
and albuminuria in youth with T2D treated with dulaglutide.
Materials and methods: The trial assessed efficacy and safety DU vs 
PBO at 26 weeks in youth (10 to <18 years old) with T2D treated with 
lifestyle alone or on stable metformin with or without basal insulin. 
Participants (mean age: 14.5 ± 2 years; mean BMI: 34.1 ± 8.8 kg/m2) 
were randomized to PBO (N=51), DU 0.75 mg (N=51), or DU 1.5 
mg (N=52). Pooled DU groups (N=103) were used for the analyses. 
Standard laboratory measures included serum creatinine, cystatin C, 
urine albumin: creatinine ratio (UACR), and urine dipstick proteinuria 
on urinalysis. Estimated glomerular filtration rate (eGFR) was calcu-
lated using the combined creatinine and cystatin C Zappitelli equation. 
Glomerular hyperfiltration was defined as 2 standard deviations above 
mean for healthy youth according to NHANES using a Zappitelli-
derived eGFR ≥ 126.8 mL/min/1.73m2.
Results: At baseline, overall mean eGFR was 118 ± 27 ml/min/1.73 
 m2 and 31.8% of participants exhibited glomerular hyperfiltration. 
At the primary 26-week endpoint, the eGFR decline from baseline 
was greater in the pooled DU group vs PBO (p=0.016) (Table). The 
decrease in mean eGFR in the DU groups was driven primarily by 
decreased eGFR in participants with hyperfiltration at baseline (Table). 
Change from baseline in cystatin C followed a similar pattern to eGFR 
(Table). The proportion of participants with hyperfiltration decreased 
in the DU groups (32.0% to 18.8%), while increasing from baseline in 
the PBO group (31.4% to 38.3%) (p=0.014, DU vs PBO at 26 weeks). 
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The proportion of participants with proteinuria on urinalysis at week 26 
followed the same pattern as hyperfiltration (p=0.004). Median change 
in UACR was -0.5 g/kg in the DU groups and +0.8 g/kg in the PBO 
group (p=0.49).
Conclusion: In this post hoc analysis, reductions in eGFR, primar-
ily among participants with baseline glomerular hyperfiltration, and 
decreases in proteinuria and albuminuria were observed in partici-
pants assigned to DU compared to PBO. The prevalence of glomeru-
lar hyperfiltration also declined. It remains unclear how these findings 
may impact the long-term risk of developing DKD in youth with 
T2D.

Supported by: Eli Lilly and Company
Disclosure: P. Bjornstad: Employment/Consultancy; AstraZen-
eca, Bayer, Boehringer Ingelheim, Bristol-Myers Squibb, Eli Lilly 
and Company, Novo Nordisk, Sanofi Pasteur Inc, Horizon Pharma. 
Grants; Horizon Pharma plc.
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An adiponectin receptor agonist rescues sarcopenia in aged mice
M. Abou Samra1, C.M.  Selvais1, R.  Versele1, M.A. Davis-López de 
 Carrizosa2, L.  Noel1, S.M.  Brichard1;
1EDIN, UCLouvain, Brussels, Belgium, 2Fisiología, Universidad de 
Sevilla, Seville, Spain.

Background and aims: Sarcopenia is characterized by the acceler-
ated loss of muscle mass, quality and function. It occurs commonly 
as an age-related process and is associated with adverse outcomes 
such as falls, frailty, institutionalization and mortality in the elderly 
population. Preventive/therapeutic strategies are therefore vital. Adi-
ponectin, mainly secreted by adipocytes, is a hormone that exerts 
insulin-sensitizing, fat-burning and anti-inflammatory properties 
in several tissues, including the skeletal muscle. Its overexpression 
increases lifespan in mice, while its depletion reduces it. Recently, we 
have shown that a long-term treatment (1 year) with an adiponectin 
receptor agonist, AdipoRon (AR), strikingly alleviates myosteatosis 
and muscle degenerative markers in middle-aged obese mice. The aim 
of this study was to investigate whether a late and shorter treatment 
with AR could also prevent sarcopenia in older mice.
Materials and methods: Two groups of old mice (n=10/group) were 
studied from 20 to 23 months of age: one group was left untreated 
(O), while the other one was orally treated with AR (O-AR, 50 mg/
kg/d). An additional group of young mice (Y, 3-month-old) was used. 
Fasting blood sugar test and a treadmill exhaustion test were car-
ried out in vivo. Numerous histological, biochemical and molecular 
analyses were performed ex vivo, mostly on the tibialis anterior (TA) 
muscle.
Results: AR did not alter the body weight of old mice, but attenu-
ated fasting glycemia (P<0.05), which was otherwise elevated. 
Exercise endurance, which was blunted in O mice, improved under 
AR (+60%, P<0.05 vs O). The sarcopenia index (muscle mass rela-
tive to tibia length) and fibre count number were decreased in TA 
of O mice compared to Y ones (P<0.05). By contrast, both param-
eters were restored by AR. This treatment also halved aged-related 
accumulation of dysfunctional proteins identified as tubular aggre-
gates (P<0.001). This was explained by AR-induced autophagy 
as assessed by increased LC3II/LC3I ratio and reduced p62 
accumulation (P<0.05), and was mediated by the AMP-activated 

protein kinase (AMPK)-Unc-51-like kinase 1-Beclin1 pathway. AR 
also rescued age-related mitochondrial dysfunction through the 
AMPK-peroxisome proliferator-activated receptor γ coactivator-1α 
(PGC-1α) axis. Thus, levels of Translocase of Outer Mitochondrial 
Membrane 20, a surrogate of mitochondrial content, and activity 
of Cytochrome C oxidase were increased by AR (+11 and +90%, 
respectively vs O mice, P<0.05 or less), together with a reduc-
tion of abnormal mitochondrial ultrastructure analysed by electron 
microscopy. Moreover, AR attenuated local and systemic low-grade 
inflammation. Indeed, muscle NF-κB activity, which doubled in 
O mice was normalised in O-AR ones (P<0.0001). Likewise, the 
senescence-associated secretory phenotype measured in plasma 
showed marked increases in pro-inflammatory cytokines and 
chemokines (2- to 12-fold, P<0.05) in O mice, which were attenu-
ated or reversed by AR.
Conclusion: AR rescues sarcopenia in aged mice by increasing 
autophagy and mitochondrial function, and by reducing inflammage-
ing. Therefore, AR appears to be a promising therapeutic to extend 
healthspan, and possibly lifespan.
Supported by: FNRS
Disclosure: M. Abou Samra: None.
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Time-restricted eating and personalised dietary advice induce 
similar effects on HbA1c over six months in people with type 2 
diabetes
E.B. Parr1, B.L.  Devlin2, B.E.  Radford1, R.C.  Hall1, S.A.  Flint1, 
N. Steventon-Lorenzen1, S.L.  Halson3, R.D.  Johnston3, L.  Brennan4, 
I.W.K.  Kouw5, J.A.  Hawley1;
1Mary MacKillop Institute for Health Research, Australian Catholic 
University, Melbourne, Australia, 2University of Queensland, Brisbane, 
Australia, 3SPRINT Research Centre, Australian Catholic University, 
Brisbane, Australia, 4La Trobe University, Wodonga, Australia, 5Wage-
ningen University & Research, Wageningen, Netherlands.

Background and aims: Time-restricted eating (TRE), where align-
ing the timing of energy intake with circadian rhythms, is promoted 
to induce weight loss, although glycaemic control is improved with 
TRE independent of weight loss. As previous investigations have been 
short and/or conducted in laboratory settings, long-term follow up in 
free-living situations is limited. We determined the effects of 6 months 
of TRE on glycaemic control (HbA1c), compared to an active-control 
group provided with personalised dietetic counselling based on healthy 
eating dietary guidelines, in people with type 2 diabetes (T2D).
Materials and methods: Fifty-two participants were recruited; 
43 completed the 6-month intervention. Participants (17 F:26 
M, HbA1c: 7.5 ± 0.8%) were enrolled (inclusion: self-reported 
habitual eating window ≥12 h/d and ≤2 hypoglycaemic medica-
tions (excl. sulphonylureas, GLP-1 agonists or insulin) and, after 
a 2-week baseline period, fasting blood measures were taken. 
Subsequently, participants were randomised, stratified by base-
line HbA1c, to either the TRE (9 h/day, finished by 1900 h) or 
DIET (individualised dietetic counselling based on Australian 
Dietary Guidelines by an Accredited Practising Dietitian) group. 
Four consultations (TRE or DIET) were provided at 0, 1, 2 and 4 
months, with fasting blood measurements at 2, 4 and 6 months. 
Statistical analysis was conducted using linear mixed models.
Results: Self-reported adherence was higher in TRE than the DIET 
group (P<0.001), and adherence changed over time in both groups, 
with 99% and 79% of participants reporting ≥5 days/week adherence 
in the first two weeks and 81% and 62% at 6 months, to TRE and DIET, 
respectively. Neither intervention significantly reduced body weight 
over the 6 months (TRE: -1.7 ± 2.3 kg; DIET: -1.2 ± 3.2 kg). The 
change in HbA1c was significant across time (P=0.009), with no group 
or interaction effect. Specifically, HbA1c was reduced at 2 months 
(-0.5%, 95%CI: -0.1 - -1.0%, P=0.007), but was not significantly lower 
than baseline at 4 months (-0.4%, 95%CI: +0.02 - -0.9%, P=0.07) or 6 
months (-0.4%, 95%CI: +0.1 - -0.8%, P=0.15).
Conclusion: Both TRE and personalised dietary advice had high rates 
of adherence but induced minimal weight loss over 6 months. There 
was a clinically significant reduction in HbA1c after 2 months that was 
not maintained at 6 months. Our results indicate that these interven-
tions can benefit glycaemic control but are contingent on high levels of 
adherence. Future work should focus on means to promote adherence. 
In conclusion, TRE and personalised dietary advice induced similar 
improvements in HbA1c supporting TRE as an alternative dietary strat-
egy, or an initial strategy prior to engaging with personalised dietary 
advice, for glycaemic management in people with T2D.
Clinical Trial Registration Number: ACTRN12620000453987
Supported by: Y20G-PARE
Disclosure: E.B. Parr: None.
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Comparative effects of intermittent and continuous enteral feed-
ing on glycaemic control in critically ill patients
I.W.K. Kouw1,2, L.-A.S.  Chapple2,3, R.  Louis2,3, M.  Summers2,3, K. 
 Jones2,4, M.  Horowitz4,5, M.  Chapman3,2;
1Human Nutrition and Health, Wageningen University & Research, 
Wageningen, Netherlands, 2Adelaide Medical School, Faculty of 
Health and Medical Sciences, The University of Adelaide, Adelaide, 
Australia, 3Intensive Care Unit, Royal Adelaide Hospital, Adelaide, 
Australia, 4Centre of Research Excellence in Translating Nutritional 
Science to Good Health, The University of Adelaide, Adelaide, Aus-
tralia, 5Endocrine and Metabolic Unit, Royal Adelaide Hospital, 
Adelaide, Australia.

Background and aims: Hyperglycaemia and delayed gastric empty-
ing are highly prevalent in critically ill patients and associated with 
adverse outcomes including increased mortality. Timing of meal 
intake affects glycaemic control in health; the effects of timing and 
mode of enteral feeding during critical illness are unknown. We 
compared the effect of intermittent versus continuous enteral nutri-
tion (EN) delivery on glycaemic control in non-diabetic, critically 
ill patients
Materials and methods: In a single-blinded trial, 65 non-diabetic, 
critically ill patients were randomised to isocaloric EN (6420 kJ, 
20En% protein, 46En% carbohydrate, 34En% fat) delivered intermit-
tently (INT: 4x300 mL boluses every 6h) or continuously (CONT: 50 
mL/h) over 24h. Real-time subcutaneous continuous glucose monitor-
ing (DEXCOM G6) was used to measure interstitial glucose concen-
trations (5-min intervals); glycaemic variability (coefficient of varia-
tion, COV%) and area under curve (AUC; 3- and 6h postprandial and 
24h) were calculated. Fasting insulin and gastrointestinal hormone 
concentrations and gastric residual volumes (GRV) were measured 
every 6h. Outcomes were compared using unpaired Student’s t-test, 
P>0.05. Data are expressed as mean±SD.
Results: There were no differences between the groups at baseline 
(INT vs CONT: n=29 vs 27; age: 53±17 vs 56±14y; BMI: 30±8 vs 
29±6kg/m2 ; APACHE II: 18±7 vs 20±6). EN delivery did not differ 
between INT and CONT (6166±732 and 5676±1342 kJ, respectively, 
P=0.11). Glycaemic variability (SD: 1.4±0.6 vs 1.3±1.0 mmol/L and 
COV: 20.7±9.9 vs 17.1±7.3%) and 24h AUC did not differ between 
INT and CONT, respectively (P>0.05). No differences in fasting 
insulin, C-peptide, glucagon-like peptide 1, ghrelin, and peptide YY 
were observed between groups. Total GRV/24 h (INT: 160±196 and 
CONT: 237±324 mL) did not differ between groups (P=0.32).
Conclusion: Intermittent delivery of EN does not affect glycaemic 
variability when compared to continuous EN, nor adversely impact 
gastrointestinal tolerance in non-diabetic, critically ill patients.

Clinical Trial Registration Number: ACTRN12620000917932
Supported by: The work was funded by a NWO/ZonMW Rubicon Fel-
lowship, Diabetes Australia Research Program Grant and ASPEN 
Rhoads Research Foundation Grant.
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Food intake chronotype and its association with 75g-oral glucose 
tolerance test outcome in pregnant women at risk for gestational 
diabetes
S.E. Siegelaar1,2, D.R.P.  Muller1, F.  Holleman3, S.J.P.  Eussen4,5, R.G. 
 IJzerman6,2, M.G.A.  Wouters7, R.C.  Painter7,8, D.J.  Stenvers1,2;
1Endocrinology and Metabolism, Amsterdam UMC, University of 
Amsterdam, Amsterdam, Netherlands, 2Amsterdam Gastroenterology 
Endocrinology and Metabolism, Amsterdam, Netherlands, 3Internal 
Medicine, Amsterdam UMC, University of Amsterdam, Amsterdam, 
Netherlands, 4CARIM School for Cardiovascular Diseases, Maastricht 
University, Maastricht, Netherlands, 5Care and Public Health Research 
Institute, Maastricht University, Maastricht, Netherlands, 6Endocrinol-
ogy and Metabolism, Amsterdam UMC, Vrije Universiteit, Amster-
dam, Netherlands, 7Obstetrics and Gynaecology, Amsterdam UMC, 
Vrije Universiteit, Amsterdam, Netherlands, 8Amsterdam Reproduction 
and Development, Amsterdam, Netherlands.

Background and aims: Disruption of circadian synchrony is asso-
ciated with a worsening metabolic profile hallmarked by decreased 
insulin sensitivity and impaired beta-cell function. Restoration of 
circadian synchrony by time restricted eating (TRE) improves these 
factors in people with (pre)diabetes independent from caloric intake. 
The eating pattern or food intake chronotype of pregnant women 
is unknown to date. We hypothesise that a longer time window of 
caloric intake of pregnant women at risk of gestational diabetes mel-
litus (GDM) is associated with worse OGTT outcome.
Materials and methods: We included subsequent pregnant women 
who underwent an OGTT for GDM screening in the Amsterdam UMC 
and asked them to complete the chrono-nutrition questionnaire at the 
day of the OGTT. Risk factors for GDM were collected (BMI, self-
reported ethnicity, parity, age, history of GDM, family history of DM, 
PCOS). Timing of food-intake data were analysed using appropriate 
descriptive statistics. Uni- and multivariate regression analysis was 
performed to assess the effect of food chronotype on OGTT outcome 
(fasting and post-load glucose) adjusted for risk factors for GDM.
Results: 154 women completed the questionnaire. 57.8% were people 
of colour and 36.4% got diagnosed as having GDM after the OGTT. 
Median (IQR) age of the participants was 34 (30-37) years with a 
median (IQR) pregnancy duration of 24+0 (24+0 to 27+3) weeks. 
Mean BMI at OGTT was higher for women with GDM compared to 
non-GDM (29.4 and 25.2 kg/m2 respectively) and a family history of 
GDM was present more often (41.1 and 21.4% respectively). Mean 
(SD) time window of caloric intake through the week was 12.0 (1.7) 
hours with median (IQR) time of first consumption at 8:00h (7:30-
9:00) and last consumption at 20:30h (19:55-21:05) with no differ-
ence between GDM and non-GDM diagnosed women. Multivariate 
regression showed no association between time window of caloric 
intake and fasting or post-load OGTT glucose (p=0.31 and p=0.55 
respectively). BMI was significantly associated with fasting glucose 
(B=0.05, SE=0.01, p<0.001) and a history of GDM with post-load 
glucose (B=1.72, SE=0.69, p=0.01).
Conclusion: Time window of caloric intake does not differ between 
pregnant women diagnosed with GDM compared to non-GDM and 
is comparable with a historical cohort of non-pregnant/non-lactating 
women. We did not identify a food intake parameter to be associated with 
OGTT outcome. Higher BMI was associated with higher fasting glucose 
and a history of GDM with higher post-load glucose. This study supports 
current advice to achieve a healthy body weight to prevent GDM.
Disclosure: S.E. Siegelaar: None.
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Effects of early vs late time-restricted eating on 24-hour glucose 
profiles and internal circadian time in overweight and obese women
O. Ramich1,2, B.  Peters1, J.  Schwarz1,3, B.  Schuppelius1,4, A. 
 Ottawa5,4, D.A.  Koppold6, T. Int-Veen7, T.  Manlik7, B.  Arnrich7, 
A.F.H.  Pfeiffer4,2, A.  Michalsen6,4, N.  Steckhan7, A.  Kramer4;
1German Institute of Human Nutrition, Nuthetal, Germany, 2German Center 
for Diabetes Research (DZD), Munich-Neuherberg, Germany, 3Martin 
Luther University Halle-Wittenberg, Halle (Saale), Germany, 4Charité 
– Universitätsmedizin Berlin, Corporate Member of Freie Universität Ber-
lin, Humboldt-Universität zu Berlin, and Berlin Institute of Health, Berlin, 
Germany, 5Charité – Universitätsmedizin Berlin, Corporate Member of 
Freie Universität Berlin, Humboldt-Universität zu Berlin, and Berlin Insti-
tute of Health, Nuthetal, Germany, 6Immanuel Hospital Berlin, Berlin, Ger-
many, 7Hasso Plattner Institute, University of Potsdam, Potsdam, Germany.

Background and aims: Time-restricted eating (TRE) is a promising strat-
egy to improve metabolic outcomes acting at least in a part via the circadian 
clock but there is a lack of carefully controlled trials. We investigated whether 
timing of the eating window affects diurnal rhythms of circadian clock and 
glucose and improves glycemic control in overweight and obese subjects if 
the body weight remains nearly stable during the TRE intervention.
Materials and methods: A randomized cross-over trial was completed 
by 31 overweight or obese non-diabetic women (age 58.4±1.5 y; BMI 
30.5±0.5 kg/m2) with normal glucose tolerance (NGT, n=18) or with 
impaired fasting glucose/impaired glucose tolerance (IFG/IGT, n=13). 
They followed a two-week early TRE (eTRE, eating 8a.m.-4p.m.) and two-
week late TRE (lTRE, eating 1p.m.-9p.m.) being asked to consume their 
usual food quality and quantity. Glycemic control was assessed by continu-
ous glucose monitoring (CGM) followed by analysis of glycemic indices 
and glucotypes which is a novel method of glucose variability quantifica-
tion. The CGM-derived fasting glucose was calculated for the time window 
lasted from 4 hours after the latest meal until the earliest meal, whereas the 
postprandial glucose was calculated from the earliest meal until the latest 
meal plus 4 hours. Internal circadian time was assessed by the BodyTime 
assay based on the gene expression analysis in isolated blood monocytes.
Results: Study subjects showed a high timely compliance as confirmed 
by dietary records and CGM, unchanged dietary composition, minor 
daily calorie deficit (eTRE:-167kcal) and weight reduction (eTRE:-1.1kg, 
lTRE:-0.4kg). We found an advancing circadian phase in blood mono-
cytes by 40 min after the lTRE compared to the eTRE. The 24-hour 
glucose profiles were also shifted accordingly to the eating timing. CGM-
derived postprandial glucose was slightly higher upon both eTRE and 
lTRE compared to baseline (p=0.009 and p=0.011, respectively), whereas 
fasting glucose was scarcely increased only upon the lTRE (p=0.034). 
However, mean 24h glucose levels and glucotypes were not changed by 
both TRE interventions. Intra- and inter-day indices of glycemic variabil-
ity, i.e. mean amplitude of glycemic excursion (MAGE) and mean of daily 
difference (MODD) decreased in subjects with IFG/IGT upon the lTRE.
Conclusion: Upon a nearly stable body weight, TRE improves glycemic vari-
ability in overweight subjects with impaired glucose metabolism but does not 
alter mean 24h glucose levels despite significant changes of circadian systems.
Clinical Trial Registration Number: NCT04351672
Supported by: DFG RA 3340/3-1 OP-R, DDG 2020, OP-R; DDG/
Abbott, 2021, OPR; EASD Morgagni Prize 2020, OPR
Disclosure: O. Ramich: None.
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Beneficial effects on anthropometric and metabolic parameters 
in overweight and obese boys after 1 year nutritional-behavioural 
intervention
F. Folli1, M.  Tosi2, I.A.  Matelloni1, M.  Mancini3, A.  Andreassi3, 
A.  Scopari3, A.  Rossi1, E.  Verduci2, C.  Berra4, R.  Manfrini1, G. 
 Banderali5, F. Pecori  Giraldi6;
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1Department of Health Science, University of Milan, Milano, Italy, 
2Department of Paediatrics, Vittore Buzzi Children’s Hospital, 
Milano, Italy, 3Pediatric and Adolescent Andrological Unit, San Paolo 
Hospital, Milano, Italy, 4Department of Endocrine and Metabolic 
Diseases, IRCCS MultiMedica, Milano, Italy, 5Department of Pedi-
atrics, San Paolo Hospital, Milano, Italy, 6Department of Clinical 
Sciences and Community Health, University of Milan, Milano, Italy.

Background and aims: The prevalence of obesity and the risk for 
metabolic, cardiovascular, and liver diseases in childhood are increas-
ing. The current gold standard for treating pediatric obesity is eat-
ing habits and lifestyle modifications. The goal of our study was 
to determine the impact of a dietary intervention by means of the 
Mediterranean Diet and the Health Eating Plate on anthropometric 
and metabolic parameters in obese and overweight children.
Materials and methods: We studied a multi-ethnic population of 
126 overweight/obese boys, including anthropometric measurements, 
blood biochemistry and nutrient intakes evaluation by means of Food 
Frequency Questionnaire at baseline, 6 and 12 months after a nutri-
tional-behavioural intervention. Analysis of variance for repeated 
measures followed by Fisher’s Protected Least Significant Difference 
and Chi-squared test for trend was used to compare quantitative and 
qualitative variables. T-test for unpaired data was used for subgroups 
comparison. Associations were tested by regression analysis. Analy-
ses were carried out by StatView Software (SAS Institute, Cary NC).
Results: Significant reductions in energy intake (expressed as kcal/kg 
body weight, from 37.9 ± 1.04 at baseline to 27.8 ± 0.85 after one year, 
p<0.001), protein intake (expressed as g/kg body weight, from 1.45 ± 0.04 
at baseline to 1.16 ± 0.03 after one year, p<0.001), carbohydrates intake 
(expressed as g/kg body weight, from 5.47 ± 0.17 at baseline to 3.85 ± 
0.12 after one year, p<0.001) and total fats intake (expressed as g/kg body 
weight, from 1.28 ± 0.04 at baseline to 3.85 ± 0.12 after one year, p<0.001) 
were observed. The proportion of obese boys decreased by 33% (chi square 
for trend 21.7, p<0.001). In obese boys, ALT decreased significantly after 
1-year, in terms of absolute concentrations (F=9.150, p<0.001) and abnor-
mal findings (chi test for trend: 7.50, p<0.05); these changes correlated with 
the reduction of BMI-SDS. Parameters of insulin resistance were associated 
with body and fat mass, with positive association with BMI-SDS detected 
for insulin, HOMA-IR, HOMA-B% (r=0.39, p<0.001; r=0.41, p<0.001; 
r=0.33, p<0.005, respectively) and negative association detected for 1/
HOMA-IR, QUICKI and McAuley (r=0.44, p<0.001; r=0.46, p<0.001; 
r=-0.46, p<0.001, respectively). In obese boys, considering lipid profile, 
significant decreases were observed for total and LDL cholesterol.
Conclusion: 1-year nutritional-behavioral intervention in overweight 
and obese boys showed beneficial effects on metabolic and anthro-
pometric risk factors.
Disclosure: F. Folli: None.
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Gastric emptying of 75g oral glucose is predictive of the glycaemic 
response to mixed meals as well as oral glucose, but unrelated to 
antecedent glycaemia in type 2 diabetes
C. Xiang1,2, Y.  Sun2, Y.  Luo3, C.  Xie2, W.  Huang2, Z.  Sun1, K.L. 
 Jones2, M.  Horowitz2, C.K.  Rayner2, J.  Ma3, T.  Wu2;
1Institute of Diabetes, Southeast University, Nanjing, China, 2Ade-
laide Medical School and Centre of Research Excellence (CRE) in 
Translating Nutritional Science t, The University of Adelaide, Ade-
laide, Australia, 3Department of Endocrinology, Nanjing Medical 
University affiliated Nanjing First Hospital, Nanjing, China.

Background and aims: Gastric emptying (GE) represents a major 
determinant of the glycaemic response to carbohydrate in both health 
and type 2 diabetes (T2D). Although GE is known to exhibit a wide 
interindividual but much smaller intraindividual variation, it is unclear 

whether GE of one nutrient load is predictive of the glycaemic response to 
another. Moreover, the impact of acute and chronic hyperglycaemia on GE 
in T2D remains uncertain. Accordingly, we evaluated the relationships 
between the (i) glycaemic responses to both oral glucose and mixed meals 
and gastric emptying of a 75g glucose drink, and (ii) gastric emptying of 
oral glucose and markers of acute and chronic glycaemia, in T2D.
Materials and methods: 55 treatment-naïve Chinese adults with newly-
diagnosed T2D (age 49.5±1.4 years; 38 male; BMI 26.6±0.5 kg/m2; 
HbA1c 9.8±0.2%) were studied over 3 days. On day 1, a continuous 
glucose monitoring system (CGMS) was fitted. On day 2, participants 
consumed a standardised breakfast at 0700h (459 kcal; carbohydrate 46%, 
fat 33% and protein 21%), lunch at 1100h (615 kcal; carbohydrate 39%, fat 
35% and protein 26%), and dinner at 1700h (438 kcal; carbohydrate 58%, 
fat 22% and protein 20%). On day 3, participants ingested a 75 g glucose 
drink containing 150 mg 13C-acetate, and GE (breath test) and plasma glu-
cose were evaluated over 180 min. The gastric half-emptying time (T50) 
was calculated. Pre-defined relationships were assessed by Pearson tests.
Results: Incremental areas under the curves (iAUCs) for plasma glucose 
after 75 g oral glucose between t = 0-60 min (r = -0.31, P = 0.023), t = 0-90 
min (r = -0.37, P = 0.005), and t = 0-120 min (r = -0.31, P = 0.020) were 
inversely related to the T50. Blood glucose iAUCs after breakfast and din-
ner, measured by CGMS, were also related inversely to the T50 of glucose, 
between t = 0-30 min (breakfast: r = -0.51, P < 0.001; dinner: r = -0.30, P = 
0.026), t = 0-60 min (breakfast: r = -0.50, P < 0.001; dinner: r = -0.33, P = 
0.014), and t = 0-120 min (breakfast: r = -0.27, P = 0.046; dinner: r = -0.28, 
P = 0.040) (Figure), but not lunch. There was no relationship between the 
T50 and any of the glycaemic markers, including fasting plasma glucose, 
24-hour mean blood glucose, serum fructosamine, and HbA1c.
Conclusion: In newly-diagnosed, treatment-naïve Chinese patients 
with T2D, GE of a 75g glucose drink predicts the glycaemic response 
to mixed meals (breakfast and dinner) as well as oral glucose. In 
contrast, GE is not influenced by the spontaneous variations in blood 
glucose in either the short, medium or longer term.

Clinical Trial Registration Number: NCT-05284344
Supported by: National Natural Science Foundation of China
Disclosure: C. Xiang: None.

717
Gastric emptying is slower in women than men with type 2 
diabetes
M. Horowitz1, C.  Xiang1,2, C.  Xie1, Y.  Sun1, K.L.  Jones1, C.K. 
 Rayner1, J.  Ma3, T.  Wu1;
1Adelaide Medical School and Centre of Research Excellence (CRE) 
in Translating Nutritional Science, The University of Adelaide, Ade-
laide, Australia, 2Institute of Diabetes, Southeast University, Nanjing, 
China, 3Department of Endocrinology, Nanjing Medical University 
affiliated Nanjing First Hospital, Nanjing, China.

Background and aims: There is increasing recognition of significant 
sex differences in both the pathogenesis and consequences of type 2 
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diabetes (T2D), which have major implications for prevention and 
rational management. Gastric emptying, a key determinant of the blood 
glucose response to meals in both health and type 2 diabetes (T2D), 
is slower in women than men without T2D. We aimed to determine 
whether sex is an independent factor influencing gastric emptying in 
T2D.
Materials and methods: Two separate cohorts were evaluated to 
examine the association of gastric emptying with sex. In cohort 1, 
68 newly-diagnosed, treatment naïve Chinese patients with T2D (44 
male, age 49.5 ± 1.3 years, body mass index (BMI) 26.2 ± 0.4 kg/
m2, HbA1c 9.9 ± 0.2%, fasting plasma glucose 11.5 ± 0.3 mmol/L), 
gastric emptying of a 75g glucose drink containing 150mg 13C-acetate 
was measured. In cohort 2, 111 T2D patients (71 male, age 64.8 ± 0.6 
years, BMI 29.7 ± 0.5 kg/m2, HbA1c 6.6 ± 0.1%, fasting blood glu-
cose 8.1 ± 0.1 mmol/L), managed by diet (n = 52) and/or metformin 
monotherapy (n = 59), gastric emptying of a semi-solid mashed 
potato meal (368.5 kcal; carbohydrate 61.4 g, protein 7.4 g, fat 8.9 g), 
labelled with 100 μL 13C-octanoic acid was measured. Breath samples 
were collected over 180 min in cohort 1 and 240 min in cohort 2 and 
the gastric half-emptying time (T50) was determined. Multiple linear 
regression analyses were performed subsequently to assess the rela-
tionship of gastric emptying and sex, with age, BMI, HbA1c, fasting 
glucose, and the use of metformin included as covariates. Data are 
presented as means ± SEM.
Results: In cohort 1, gastric emptying of glucose was slower in 
female than male participants (T50: 86.6 ± 1.9 min vs. 75.6 ± 1.5 
min, P < 0.001). Similarly, in cohort 2, gastric emptying of mashed 
potato was slower in females (T50: 72.4 ± 2.3 min vs 64.8 ± 1.6 min, 
P = 0.006). Multiple linear regression analyses, adjusting for differ-
ences in age, BMI, HbA1c, fasting glucose, and the use of metformin, 
revealed that in both cohorts gastric emptying was independently 
associated with sex (cohort 1: P < 0.001, cohort 2: P = 0.026).
Conclusion: Our observations indicate that gastric emptying is 
slower in females than males with T2D. This sex-related disparity 
has implications for the personalised management of T2D, e.g. thera-
pies that reduce postprandial glycaemic excursion by slowing gastric 
emptying may be more effective in men.
Clinical Trial Registration Number: NCT-05284344
Supported by: National Natural Science Foundation of China
Disclosure: M. Horowitz: None.

718
Natural daylight through windows as opposed to artificial lighting 
during office hours improves glucose control and 24h substrate 
metabolism in type 2 diabetes patients
I.S.J. Habets1, J.-F.  Harmsen1, M.  Kotte1, D.  Hashim1, S. de  Kam1, 
M.  Timmermans1, G.  Schaart1, A.  Gemmink1, T. van de  Weijer1, P. 
 Schrauwen1, C.  Dibner2, J.  Hoeks1;
1Department of Nutrition and Movement sciences, Maastricht Univer-
sity, Maastricht, Netherlands, 2Thoracic and Endocrine Surgery Div., 
Dept. of Surgery/Dept. of Cell Physiology and Metabolism, Faculty 
of Medicine, University of Geneva, Geneva, Switzerland.

Background and aims: Misalignment between the internal circadian 
clock and external rhythms imposed by our current 24/7 society is 
associated with an increased incidence of metabolic diseases, includ-
ing type 2 diabetes (T2D). Although natural daylight is the strongest 
zeitgeber for the circadian clock, most people spend daytime in indoor 
environments under constant artificial lighting. Here, we investigated 
the potential benefit of increased daytime exposure to natural light 
compared to constant artificial lighting on 24h glucose control and 
substrate metabolism in T2D patients.

Materials and methods: Thirteen T2D patients (70±6 years, BMI: 
30.1±2.3 kg/m2,  HbA1c: 6.1±1.0 %, Fasting plasma glucose: 8.1±1.5 
mmol/L) were exposed to two lighting interventions of 4.5 days in a 
randomized cross-over fashion: natural daylight facilitated through 
windows versus constant artificial LED lighting during office hours 
(8:00-17:00). Between interventions there was a washout of at least 
4 weeks. Light spectra were obtained from the natural daylight room 
on multiple occasions each day. Evenings were spent in dim light (<5 
lux) and the sleeping period in darkness (23:00-7:00). Volunteers 
were provided with standardized meals and wore continuous glucose 
monitors (Abbott, Freestyle Libre Pro iQ) on their upper arm. On day 
4, indirect calorimetry was performed around the clock (every 5h) to 
assess 24h substrate metabolism and energy expenditure together with 
frequent blood draws to assess circulating metabolites. Core body 
temperature was measured for 24h using a telemetric pill. On day 5, 
a fasted muscle biopsy was taken to assess clock gene expression after 
which a mixed meal test (MMT) was executed, with frequent blood 
samplings in conjunction with indirect calorimetry.
Results: The highest light intensity upon natural daylight was usu-
ally reached at 12:30PM with on average 2453 lux (range: 1000-
10000 lux) versus a constant 300 lux in the artificial light condi-
tion. Volunteers spent more time (p=0.01) in the normal glucose 
range (4.4-7.8 mmol/L) over the 4.5 days upon natural daylight, 
accompanied by a lower respiratory exchange ratio throughout 
the 24h cycle (condition effect: p=0.028). Particularly at 1PM 
the respiratory exchange ratio was lower (p=0.04), indicating a 
shift towards fat metabolism in the natural versus the artificial 
light condition. At all times of day resting energy expenditure 
was similar between light conditions. Core body temperature was 
significantly higher upon natural daylight during exposure hours 
(8:00-15:00) on day 4 (p=0.025). mRNA levels of Per1 and Cry1 
in skeletal muscle were higher upon natural daylight (p<0.05). 
During the MMT, whole-body energy expenditure and the respira-
tory exchange ratio were not different between both light condi-
tions. Additional data, such as plasma metabolites from the 24h 
assessment and the MMT as well as the light spectra from the nat-
ural light condition will be available at the time of the conference.
Conclusion: Our findings suggest that exposure to natural daylight 
positively impacts metabolism and could support the treatment and 
prevention of metabolic diseases.
Clinical Trial Registration Number: NCT05263232
Supported by: VELUX STIFTUNG
Disclosure: I.S.J. Habets: None.
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Pre-meal ketones reduce postprandial blood glucose and lipids in 
individuals with type 2 diabetes
M. Bangshaab1,2, S. Bech  Smedegaard1,2, N. Møller2,3, M.  Svart1,3, 
N.  Rittig1,3;
1Steno Diabetes Center Aarhus, Aarhus University Hospital, Aarhus, 
Denmark, 2Medical/Steno Aarhus Research Laboratory, Department 
of Clinical Medicine, Aarhus University, Aarhus, Denmark, 3Depart-
ment of Internal Medicine and Endocrinology, Aarhus University 
Hospital, Aarhus, Denmark.

Background and aims: Oral ketone supplements decrease blood glu-
cose and free fatty acid (FFA) levels in healthy men, which is cer-
tainly attractive in the treatment of type 2 diabetes (T2D). The supple-
ments are available as ketone monoesters (KE, D-3-hydroxybutyrate) 
and salts (KS, D/L-Na-3-hydroxybutyrate). The aim of this study was 
to examine the effect of KE and KS treatment on postprandial glucose 
and FFA concentrations in individuals with T2D.
Materials and methods: We included 14 volunteers with diet- or 
metformin-treated T2D in a randomized, crossover study. On three 
separate occasions, the participants consumed pre-meal supplements 
containing 1) 30 g KE, 2) iso-ketonic KS, or 3) taste-matched tap 
water (placebo, PLC) before a mixed meal test. Blood samples were 
drawn repeatedly for three hours after meal intake.
Results: Blood D-3-hydroxybutyrate concentrations remained low 
around 0.2±0.0 mM after PLC intake, while increasing to a peak con-
centration of 4.1±0.1 mM following KE and 1.2±0.1 mM after KS 
(treatment, p=<0.0001). KE reduced 3-hour postprandial plasma glu-
cose by an average of 1.26±0.24 mM (p=0.0002) and the incremental 
area under the curve (iAUC) for glucose by 35% (p=0.0007) com-
pared to PLC, whereas KS only reduced average glucose by 0.53±0.34 
(p=0.14) and iAUC by 23 % (p=0.052) compared to PLC. Moreo-
ver, KE lowered 3-hour postprandial FFA more efficiently than KS 
(treatment, p=0.0004) and PLC (treatment, p=0.0001). Both ketone 
pre-meals decreased plasma ghrelin compared to PLC (treatment, KE: 
p=0.0009 and KS: p=<0.0001).
Conclusion: Pre-meal ketone supplementation with a KE caused 
higher concentrations of D-3-hydroxybutyrate and a greater reduction 
of postprandial glucose and lipid levels than iso-ketonic KS and PLC. 
These findings suggest that ketone supplements, and especially KE, 
may have promising therapeutic potential for individuals with T2D.
Clinical Trial Registration Number: NCT05263401
Supported by: NNF Steno collaborative grant
Disclosure: M. Bangshaab: None.
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Nutritional status and frailty in patients with diabetes and end 
stage renal failure who are on maintenance haemodialysis
V. Wickramaratne;
National Hospital of Sri Lanka, Colombo07, Sri Lanka.

Background and aims: Frailty is highly prevalent among end stage renal 
disease patients as shown by many studies. Diabetes mellitus is a known 
risk factor for frailty. Prevalence of frailty is 5 folds higher in dialysis 
patients than older adults in community setting and is an independent 
predictor of mortality and hospitalization regardless of age. This study 
aims to assess the prevalence of frailty and its association with the nutri-
tional status in diabetic patients on maintenance hemodialysis.
Materials and methods: A random sample of 155 diabetic patients 
undergoing maintenance hemodialysis was studied. Frailty was 

defined according to Fried’s phenotype and assessed in five main 
domains including unintentional weight loss, weakness, slowness, 
poor endurance and low physical activity. Individuals present with 
≥3 criteria were classified as frail and 1 to 2 criteria were classified as 
pre frail. Nutritional status was assessed by subjective global assess-
ment tool and Body Mass Index (BMI) separately.
Results: Mean age was 54.4±9.7 years and 65.2% (n=101) were 
males. Mean body mass index (BMI) was 23.3±4.3 kg/m2 and mid 
upper arm circumference (MUAC) was 24.4±4.1 cm. Mean number 
of dialysis per month is 7 (±2.2). 50.3% (n=78) of subjects were 
frail and 31.6% (n=49) were pre frail. 67.8% of sample were mal-
nourished while 18.1% of them were severely malnourished. Among 
Frail/pre-frail subjects 19.7% (n=25) were well nourished and 80.3% 
(n=102) were malnourished. Among non-frail subject 89.2% (n=25) 
were well nourished while 10.7% (n=3) were malnourished. Frailty 
has a statistically significant association with nutritional status clas-
sified according to SGA tool (p<0.001). When classified by BMI, 
all subjects in underweight category were either frail or pre-frail. 
There is a significant difference in mean BMI between frail, pre-frail 
and non-frail subjects (p<0.01). There is a significant correlation 
between BMI and grip strength (p<0.001, r =0.33). Post hoc analysis 
shows a significant difference in MUAC between frail and non-frails 
(P<0.001). Frailty shows an association with age, gender, serum albu-
min and serum potassium level (p<0.01). There was no association 
between frailty and education, employment, ethnicity, income, serum 
phosphate or hemoglobin level at α level of 0.05.
Conclusion: Frailty is present in one in two diabetic patients undergo-
ing maintenance hemodialysis. It shows a significant association with 
nutritional status. Early screening and nutrition interventions may be 
helpful to reduce prevalence. Future studies should focus on targeted 
interventions and need to see impact of them on clinical outcome.
Disclosure: V. Wickramaratne: None.
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Impact of a low-carbohydrate versus a low-fat breakfast on blood 
glucose control in type 2 diabetes
B.F. Oliveira1, C.R.  Chang2, K.  Oetsch2, K.  Falkenhain1, K. 
 Crampton1, M.  Stork1, M.  Hoonjan3, T.  Elliott4, M.E.  Francois2, J.P. 
 Little1;
1University of British Columbia, Kelowna, BC, Canada, 2University 
of Wollongong, Wollongong, Australia, 3Okanagan Retina, Kelowna, 
BC, Canada, 4University of British Columbia, Vancouver, BC, Canada.

Background and aims: Lowering dietary carbohydrate intake has 
been shown to improve blood glucose control and is now recognized as 
an evidence-based nutritional strategy in type 2 diabetes (T2D). How-
ever, low-carbohydrate diets are often criticized as being too difficult 
to sustain in the long-term. One potential strategy is to limit carbohy-
drate intake at only one daily meal. Since the largest hyperglycemic 
spike usually occurs in the morning after the first meal, manipulating 
the carbohydrate content of the breakfast may be a simple strategy 
to improve glycemic control in people with T2D. Our aim was to 
conduct a randomized controlled trial (RCT) to determine if eating a 
low-carbohydrate breakfast could improve glucose control in people 
with T2D when compared to a standard low-fat control breakfast.
Materials and methods: Participants with T2D (N=121, 53% female, 
mean age 64 years) completed a remote 3-month parallel-group RCT 
comparing a low-carbohydrate (LC) versus standard low-fat control 
breakfast (CTL). Each group was instructed to choose from 8-10 break-
fast recipes of ~450 kcal (LC: ~25g protein, 8g carbohydrates, 37g fat; 
or CTL: ~20g protein, 56g carbohydrates, 15g fat) with no other dietary 
manipulation. Blood samples were collected at baseline and after 12 
weeks for the primary outcome of  HbA1c and participants were guided 
to register three 3-day food records at weeks 1, 6 and 12 of the trial.
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Results:  HbA1c was reduced (-0.3%, 95% CI: -0.4% to -0.1%) after 
12 weeks of a LC breakfast, but the between group difference did 
not reach statistical significance (-0.2 vs. CTL, 95% CI: -0.4 to 0.0; 
P=0.06). Total daily energy intake (EI) (-242 kcal, 95% CI -460 to 
-24 kcal; P = 0.03) and carbohydrate intake (-73g, 95% CI: -101 to 
-44 g; P<0.01) were significantly lower while % EI from protein 
(3.7%, 95% CI 2.0 to 5.5%; P<0.001) and fat (6.6%, 95% CI 3.3 to 
10.0%; P<0.001) were significantly higher in the LC group compared 
to the CTL group. The LC group also consumed significantly less 
energy (-76kcal, 95% CI: -151 to -2kcal; P < 0.05) and carbohydrate 
(-14g, 95% CI: -22 to -5g; P<0.01), and higher protein % EI (2.8%, 
95% CI: 0.0 to 5.5; P<0.05) at lunch compared to CTL. There were 
no significant differences between groups in energy or macronutrient 
content of dinner or snacks.
Conclusion: Guidance to consume a LC breakfast for three months 
lowered  HbA1c over time but the effect did not reach statistical signifi-
cance when compared to a low-fat CTL breakfast. Consuming a LC 
breakfast also reduced overall energy and carbohydrate intake when 
compared to a low-fat CTL breakfast. A longer or stricter intervention 
might be needed to improve  HbA1c levels, however the consumption 
of a LC breakfast appears to effectively reduce carbohydrate intake 
and may represent an easy-to-implement option for people with T2D.

Clinical Trial Registration Number: NCT04550468
Supported by: ENC/EFC
Disclosure: B.F. Oliveira: None.

722
Glycaemic outcomes of short-term diets differing in macronutri-
ent composition in type 1 diabetes
S. Schmidt1, K.B.  Kristensen1, A.G.  Ranjan1, O.  McCarthy1, R. 
 Bracken2, K. Nørgaard1;
1Diabetes Technology, Steno Diabetes Center Copenhagen, Her-
lev, Denmark, 2Applied Sport, Technology, Exercise and Medicine 
Research Centre (A-STEM), Swansea University, Swansea, UK.

Background and aims: By limiting carbohydrate intake, people with 
type 1 diabetes might reduce fluctuations in glucose values, but the 
evidence in this area is sparse. We aimed to investigate glucose dynam-
ics during two low-carbohydrate diets with substitution of energy from 
carbohydrates with energy from fat and protein, respectively.
Materials and methods: In a randomized, crossover study with three 
seven-day periods separated by a 5 to 35-day washout, we compared the 
effects of a high-carbohydrate diet ((HC) energy distribution: Carbohy-
drate 48%, Fat 33%, Protein 19%) with two different low-carbohydrate 
diets ((High Protein (HP): 19%, 57%, 24%) and (High Fat (HF): 19%, 
62%, 19%)) in 12 adults with type 1 diabetes treated with non-auto-
mated insulin pumps. Three isocaloric meal plans were developed for 
each participant based on individual energy needs and food prefer-
ences. During the three periods, insulin bolus calculations were based 

solely on meal carbohydrate content, without taking fat or protein con-
tent into consideration. Adherence to planned carbohydrate intake was 
evaluated by comparing planned intake with insulin pump carbohydrate 
entries. Participants were encouraged to maintain the same physical 
activity level during all three intervention periods. Glucose values were 
obtained with continuous glucose monitors (Dexcom) and compared 
between groups using linear mixed-effects models and Friedmans test 
for parametric and non-parametric data, respectively. For significant 
outcomes, we did post-hoc pairwise comparisons between groups and 
adjusted for multiple comparisons using Tukey-Kramer method.
Results: Participants’ baseline characteristics were ([mean ± SD]: 
age 46±15 years, diabetes duration 29±14 years, HbA1c 56±7 mmol/
mol), and body mass index 27.0±4.2 kg/m2. Mean 7-day glycemic 
metrics are reported in the Table. Mean daily basal insulin was simi-
lar between diets (HC 20.6 IU/day; HF 20.7 IU/day; HP 20.7 IU/day; 
 Poverall 0.91), while mean daily bolus differed significantly (HC 29.2 
IU/day; HF 14.4 IU/day; HP 13.5 IU/day;  Poverall<0.001). Only minor 
deviations from planned carbohydrate intake were observed in the 
three groups, HC -1.5% (-5 grams/day), HF 10.7% (11 grams/day) 
and HP 5.9% (6 grams/day).
Conclusion: We found that low-carbohydrate diets decreased glucose 
variability compared with a carbohydrate-rich diet. Choosing protein 
over fat as the alternative energy source, reduced time spent >10.0 
mmol/l by one hour and 40 minutes per day, and numerically more 
participants achieved recommended treatment targets.

Clinical Trial Registration Number: NCT05268705
Disclosure: S. Schmidt: None.

723
A ketogenic diet reduces myocardial fatty acid oxidation but does 
not affect myocardial oxygen consumption
E. Søndergaard1, T.V.  Luong1,2, M.G.B.  Pedersen1, C.B.  Abild1, 
K.M.  Lauritsen1, M.L.G. Kjærulff1,2, L.  Tolbod2, N. Møller1, L.C. 
 Gormsen2;
1Steno Diabetes Center Aarhus, Aarhus, Denmark, 2Department of 
Nuclear Medicine & PET-Centre, Aarhus, Denmark.

Background and aims: A ketogenic diet is a dietary approach 
characterized by reduced carbohydrate intake and increased fat 
consumption, leading to higher levels of circulating ketone bodies. 
The "thrifty substrate hypothesis" posits that ketones offer a more 
efficient energy source compared to other substrates, such as fatty 
acids, since they require less oxygen to be oxidized. This may explain 
why SGLT2 inhibitors, which increase circulating ketone levels, have 
been linked to improved survival in patients at risk of cardiovascular 
disease. We therefore aimed to study whether a ketogenic diet with 
presumed increased myocardial ketone utilization is associated with 
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reduced cardiac free fatty acid (FFA) uptake and oxidation resulting 
in decreased myocardial oxygen consumption.
Materials and methods: This randomized, controlled crossover trial 
examined 11 individuals with overweight or obesity on 2 occasions: 1) 
after a three-week isocaloric ketogenic diet (75E% fat, 20E% protein, and 
5E% carbohydrate), and 2) after a three-week isocaloric standard diet 
(25-40E% fat, 10-20E% protein, and 45-60E% carbohydrate). Myocar-
dial FFA oxidation, uptake, and esterification rate were measured using 
dynamic [11C]palmitate PET/CT, while myocardial oxygen consumption 
and myocardial external efficiency were measured using dynamic [11C]
acetate PET/CT. Data are mean±SD or median (IQR) as appropriate.
Results: The ketogenic diet led to an increase in plasma 
β-hydroxybutyrate (817 (705-1313) vs. 163 (141-190) μmol/l, p<0.01) 
and plasma FFA concentration (0.9±0.2 vs. 0.8±0.2 mmol/l, p<0.01) 
compared to the standard diet. Additionally, plasma glucose levels were 
lower (4.9±0.5 vs. 5.4±0.7 mmol/l, p<0.01) and there was a trend 
towards lower plasma insulin (23±13 vs. 35±19 pmol/l, p=0.07) on 
the ketogenic diet. The ketogenic diet resulted in a reduction in myo-
cardial FFA oxidation (5.8±2.5 vs. 8.2±3.3 μmol/100g/min, p<0.01) 
and uptake (7.4±3.3 vs. 9.4±3.7 μmol/100g/min, p=0.03), along with 
an increase in FFA esterification rate (1.6±0.8 vs. 1.2±0.5 μmol/100g/
min, p=0.03). However, despite the decrease in FFA oxidation, no 
significant changes were observed in myocardial oxygen consumption 
(10.0±2.3 vs. 10.8±1.8 mL/100g/min, p=0.20) or myocardial external 
efficiency (36.2±4.9 vs. 36.5±8.1%, p=0.93).
Conclusion: Three weeks of ketogenic dieting resulted in signifi-
cantly reduced free fatty acid oxidation and presumably increased 
ketone body oxidation. However, this change in cardiac substrate 
preference did not result in any significant changes in myocardial 
oxygen consumption. These results therefore go against the “thrifty 
substrate” hypothesis and indicate that the observed cardioprotective 
effect associated with increased ketone levels during SGLT2 inhibi-
tion may not be solely attributed to changes in substrate utilization.
Clinical Trial Registration Number: NCT05012748
Supported by Novo Nordisk Foundation
Disclosure: E. Søndergaard: None.

724
Baseline of the REVERSE-IT study, a 24-week and 600-people 
randomised placebo-controlled study on the metabolic effects of 
TOTUM-63, a five plant-extract combination
Y.F. Otero1, P.  Sirvent2, O.E.  Johansen3, V.  Chavanelle2, A. Bouchard-
Mercier4, V.  Sapone5, M.  Cazaubiel5, N.  Boisseau6, T.  Maugard7, B. 
 Guigas8, B.  Pereira9, S.  Hadjadj10, S.  Peltier5, A.  Marette11, J.-M. 
 Bard12;
1Valbiotis, Riom, France, 2R&D, Valbiotis, Riom, France, 3Nestle 
Health Sciences, Lausanne, Switzerland, 4Valbiotis, Quebec, QC, 
Canada, 5Valbiotis, Perigny, France, 6AME2P, Université Clermont 
Auvergne, Clermont-Ferrand, France, 7LIENs, La Rochelle Univer-
sité, La Rochelle, France, 8Leiden University Medical Center, Leiden, 
Netherlands, 9CHU Clermont-Ferrand, Clermont-Ferrand, France, 
10CHU Nantes, Nantes, France, 11Laval University, Quebec City, QC, 
Canada, 12Universite de Nantes, Nantes, France.

Background and aims: The role of natural based products to support 
glucose control in people with prediabetes or early type 2 diabetes 
(T2D) (i.e. dysglycaemia) is debated. TOTUM-63 (T63) is a poly-
phenol-rich substance composed by artichoke, chrysanthellum, olive 
leaf, bilberry, and black pepper extracts that previously demonstrated 
beneficial effects on metabolic and anthropometric parameters in a 
6-month clinical study involving 51 individuals. T63 is now being 
investigated in the confirmatory REVERSE-IT study, a phase II/III 
dedicated clinical trial, to test the hypothesis that 5g of T63 leads to a 
significant reduction in fasting plasma glucose.

Materials and methods: The REVERSE-IT study is an ongoing 
24-week, 3 parallel-group multi-centre, multi-country randomised 
placebo-controlled double-blinded clinical trial with 200 subjects/
group (two double-blinded arms and one open-labelled arm) in peo-
ple with dysglycaemia. Participant follow-up includes 3 on-treatment 
visits (V1, start; V2, 12 weeks; V3 24 weeks), and a 4th off-treatment 
visit for a subgroup of individuals (V4, 12 weeks after ending sup-
plementation). The primary outcome is to compare the effect of 5 g 
T63 vs placebo (PBO) on fasting plasma glucose. As secondary out-
comes, REVERSE-IT includes effects on fasting plasma insulin, lipid 
homeostasis, blood pressure (BP), weight and waist circumference. 
The confirmatory primary analysis will compare T63 vs PBO when 
provided TID (double-blinded) and on a minimum of 174 completers 
in each arm. Effects of T63 BID vs PBO will be analysed open label.
Results: A total of 627 participants were recruited over 2 years from 
61 sites across 7 European countries. Mean body weight is 92.5 kg, 
BMI 32.2 kg/m2, and HbA1c 6.1% (table 1). The majority are females 
(58.4%) and have prediabetes (78.3%), with similar lipid profile but a 
better glycaemic profile and BP compared to those with T2D (21.7%).
Conclusion: REVERSE-IT has enrolled an appropriate population to 
help inform clinical decision making on the use of plant-extract based 
T63 to support glucose homeostasis in people with dysglycaemia. 
Readout is expected in the second half of 2023.

Clinical Trial Registration Number: NCT04423302
Supported by: BPI, Region Nouvelle-Aquitaine
Disclosure: Y.F. Otero: None.

725
Real-world nudging and pricing was insufficient to improve life-
style and cardiometabolic health: a parallel cluster-randomised 
supermarket trial
J.W.J. Beulens, J.M. Stuber, J. Lakerveld, J.D. Mackenbach, 
Supreme Nudge consortium;
Amsterdam UMC - location VU, Amsterdam, Netherlands.

Background and aims: Context-specific interventions may contribute 
to sustained behaviour change and improved health outcomes. We evalu-
ated the real-life effects of nudging and pricing strategies in supermar-
kets and a mobile coaching app on dietary guideline adherence, purchas-
ing behaviours, walking behaviours and cardiometabolic risk markers.
Materials and methods: This parallel cluster-randomised controlled 
trial included six control supermarkets and six intervention supermar-
kets in socially disadvantaged neighbourhoods in the Netherlands. The 
supermarket intervention consisted of nudging (targeting 9% of super-
market assortment) and pricing (targeting 3%) strategies promoting 
healthy purchases. Eligible participants were aged 30-80 years and 
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regular shoppers at participating supermarkets. Study participants were 
furthermore individually randomised to a control arm or an interven-
tion arm: a mobile coaching app to promote walking behaviours. We 
used linear mixed-models to evaluate the primary outcome diet qual-
ity (range 0-150; assessed with validated diet screener at baseline and 
after 3, 6 and 12 months) and the secondary outcomes including the 
percentage of healthy food purchases (loyalty cards), daily step count, 
cardiometabolic risk markers (HbA1c, lipid profile, and waist circum-
ference), and supermarket customer satisfaction (very unsatisfied (1) to 
very satisfied (7)). Exploratory supermarket-level outcomes were the 
total percentage of healthy product sales, healthy sales within various 
food groups, and retailer revenue, analysed via controlled interrupted 
time series analyses.
Results: Of the 361 participants included (162 intervention, 199 
control), 73% were female, 42% were highly educated and the aver-
age age (SD) was 58 (11) years. The intervention arm showed no 
effectiveness on diet quality (β -1.1 (95%CI -3.8;1.7)), the total 
percentage of healthy purchases (β 0.7 (95%CI -2.7;4.0)), daily 
step count (B -124.0 (95%CI -723.1;475.1)), or cardiometabolic 
risk markers, over the 12-month intervention period. Participants 
in the intervention arm scored 0.3 points (95%CI 0.1;0.5) higher 
on overall customer satisfaction. Nudging and pricing strategies 
showed no effectiveness on supermarket-level outcomes.
Conclusion: Nudging and pricing strategies implemented in a real-
life purchasing setting were not effective in promoting healthier 
diets and purchasing patterns, nor in improving cardiometabolic 
health. The mobile coaching app did not affect step count. More 
comprehensive measures on a policy level are needed to improve 
population diets and reduce cardiometabolic disease risk.
Clinical Trial Registration Number: Dutch Trial Register ID 
NL7064
Supported by: Netherlands Heart Foundation & ZonMw: CVON 
2016-004
Disclosure: J.W.J. Beulens: None.

726
Food insecurity is common in type 2 diabetes in Bangladesh and 
associated with diabetes distress and depression
C. Marathe, M. Kamruzzaman, M. Horowitz, K.L. Jones;
Adelaide Medical School, Faculty of Health and Medical Science, 
The University of Adelaide, Adelaide, Australia.

Background and aims: Food insecurity (FIS) defined as insuf-
ficient or inadequate access to enough nutritious food to main-
tain overall health and well-being, is known to be associated with 
suboptimal glycemic control and well-being in type 2 diabetes 
(T2D). Diabetes distress (DD) is the emotional burden of living 
with a demanding chronic disease like diabetes and distinct from 
depression. The relationship of FIS with DD, has hitherto not been 
assessed. We have evaluated the relationships between FIS and DD 
and depression in people with T2D in Bangladesh.
Materials and methods: Data from 1123 unselected random 
individuals with T2D (58.2% females, 41.8% males; mean age: 
51.3 ± 12.6 years, BMI: 24.8±3.6; WHR: 0.94±0.14; duration of 
known diabetes 7.0± 6.8 years, mean HbA1c 82.2±30.3 mmol/mol 
[9.7±2.8%]) attending sspecialized diabetes clinics in four differ-
ent districts in Bangladesh were analyzed. Participants completed 
validated questionnaires to assess FIS (USDA-18) (n=1123), DD 
(DDS17) (n=1123), and depression (PHQ-9) (n=1122), and demo-
graphic, anthropometric, clinical, and biochemical information was 
obtained. Scores of ≥5 (≥7 for a family with children), ≥2, and ≥5 
were considered to indicate FIS, DD, and depression, respectively. 
Results are shown as mean±sd.

Results: Overall, 32.6% of participants reported FIS, 48.6% DD, 
and 68.3% depression. The prevalence of FIS was higher among 
females than males (35.4% vs. 28.7%, p<0.05). DD and depression 
score were 2.1±0.8 (females:2.1±0.8 vs males:2.0±0.7, P<0.05) and 
8.3±5.9 (females:9.1±6.2 vs. males:7.2±5.3, P<0.0001), respec-
tively. FIS was associated with increased in DD (2.36±0.79 vs. 
1.91±0.70, P<0.001) and depression (10.52±5.90 vs. 7.20±5.54, 
P<0.0001) compared to those with food security (Fig 1). FIS was 
also related to DD (R =0.33, P<0.0001) and depression (R =0.30, 
P<0.0001), these relationships were stronger in females than males 
(R=0.34, p<0.0001 vs. R= 0.31, P<0.0001 for DD and R=0.30, 
P<0.0001 vs. R= 0.27, P<0.001 for depression). There were weak 
relationships of FIS with age (R= -0.1, P<0.01), BMI (R= -0.1, 
P<0.01) and fasting blood glucose (R= -0.1, P<0.01), while no rela-
tionships with either WHR (R= -0.06), duration of known diabetes 
(R= -0.02), and HbA1c (R= 0.04).
Conclusion: FIS is common in T2D in Bangladesh and is associ-
ated with both DD and depression.

Fig 1: DD (n=1123) (A) and depression (n=1122) (B) among indi-
viduals with T2D divided according to the presence or absence of 
food insecurity (***: P<0.001).
Disclosure: C. Marathe: None.
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Duodenal Jejunal Bypass Liner (DJBL) treatment for type 2 dia-
betes and obesity: glycaemic and CVD risk factor improvements 
vs risks among 1068 patients treated worldwide
R.E.J. Ryder1, J.  Stein2, T.  Battelino3, J.  Teare4, A.  Ruban4, H. 
 Frydenberg5, L.  Munro5, S.  Fishman6, R.  Cohen7, C. de  Jonge8, J.-W. 
 Greve9, H.  Sourij10, P. Sen  Gupta1,11, K.  Laubner12, J.  Seufert12;
1City Hospital, Birmingham, UK, 2Krankenhaus Sachsenhausen, 
Frankfurt, Germany, 3University Medical Center, Ljubljana, Slove-
nia, 4Imperial College, London, UK, 5Epworth Hospital, Richmond, 
Australia, 6Sourasky Medical, Tel Aviv, Israel, 7Oswaldo Cruz Hos-
pital, Sao Paulo, Brazil, 8Catharina Hospital, Eindhoven, Netherlands, 
9Zuyderland MC, Heerlen, Netherlands, 10Medical University, Graz, 
Austria, 11Guy’s and St Thomas’ Hospitals, London, UK, 12Freiburg 
University, Freiburg, Germany.

Background and aims: There is uncertainty over the balance of 
benefits and risks of temporary (up to 12 months) proximal intesti-
nal exclusion with DJBL, a novel endoscopic duodenal jejunal liner 
device for obesity, both with and without diabetes. In view of this, 
during 2017, an independent, secure, online, international registry 
was established under the auspices of the Association of British Clini-
cal Diabetologists (ABCD).
Materials and methods: DJBL safety and efficacy data were entered 
into the ABCD registry from patients worldwide. To evaluate the 
glycaemic effectiveness of DJBL, we categorised patients into groups 
according to baseline HbA1c.
Results: As of March 2023, data had been submitted on 1068 patients 
(mean ± SD age 51.2 ± 11.4 years, 51.7% male, 83.5% type 2 diabe-
tes, BMI 41.1 ± 8.8 kg/m2) from 35 centres in 10 countries (table 1). 
In those with both baseline and time of removal data, mean ± SD 
weight fell by 13.5 ± 9.7 kg from 120.3 ± 25.3 to 106.8 ± 23.8 kg 
(n=856, p<0.001), HbA1c by 13.8 ± 15.9 from 67.9 ± 19.7 to 54.0 ± 
14.0 mmol/mol (by 1.3 ± 1.5, from 8.4 ± 1.8 to 7.1 ± 1.3%) (n=678, 
p<0.001), systolic BP fell from 135.7 ± 18.0 to 129.5 ± 17.0 mmHg 
(n=448, <0.001) and cholesterol fell from 4.8 ± 1.3 to 4.2 ± 1.0 
mmol/L (n=467, p<0.001) (table 1a). The higher the baseline HbA1c, 
the greater the fall (table 1b). There were 45 (4.2%) serious adverse 
events (SAE) {including early removal because of gastrointestinal 
bleeding (2.3%), liver abscess (1.1%), pancreatitis or cholecystitis 
(0.4%), and liver abscess after prolonged implant duration of more 
than 1 year (0.2%)} and 143 (13.4%) less serious adverse events. All 
SAE patients made a full recovery.
Conclusion: The data demonstrate that, in response to DJBL, the 
higher the initial HbA1c, the greater its fall, with HbA1c fall 27.0 
mmol/mol (2.5%) when initial HbA1c ≥ 75 mmol/mol (≥ 9.0%) 
and 41.3 mmol/mol (3.8%) when initial HbA1c ≥ 97 mmol/mol 
(≥ 11.0%). In view of impact on microvascular and macrovascular 
risk factors, the benefits of DJBL therapy could potentially reduce 
complications of diabetes. The SAE rate was not insignificant but 
acceptable. As all patients made a full recovery and many experi-
enced significant benefit despite the SAE, this registry data from a 
large patient number suggests that the benefits of DJBL outweigh 
the risks. With monitoring during the time of DJBL and prompt 
removal if indicated, this treatment is a useful option.

Supported by: ABCD
Disclosure: R.E.J. Ryder: None.

728
Efficacy and safety of real-time continuous glucose monitoring 
with remote monitoring for diabetes management in long-term 
care facilities: a randomised clinical trial
G. Umpierrez1, T.  Idrees1, I.  Castro1, Z.  Zabala1, E.  Moreno1, B. 
 Moazzami1, T.  Johnson2, M.  Gavaller1, P.  Vellanki1, L.  Peng3, R. 
 Galindo4;
1Emory University School of Medicine, Atlanta, GA, USA, 2Family 
and Preventive Medicine, Emory University School of Medicine, 
Atlanta, GA, USA, 3Emory University Rollins School of Public 
Health, Atlanta, GA, USA, 4Medicine, University of Miami, Miami, 
FL, USA.

Background and aims: Diabetes is highly prevalent among older 
adults in subacute and long-term skilled nursing care facilities 
(LTCF). Management of diabetes in the LTCF residents is challeng-
ing due to the high prevalence of comorbidities, altered nutritional 
intake, which increase the risk of hypoglycaemia. Bedside point-of-
care (POC) capillary glucose testing is the standard of care to assess 
glycaemic control in LTCF; however, it frequently misses asympto-
matic hyperglycaemic and hypoglycaemic events.
Materials and methods: This pilot prospective randomised clinical 
trial included 100 insulin-treated older adults with type 2 diabetes 
(T2D) admitted to LTCF. Patients in the standard of care (POC group) 
wore a blinded Dexcom G6 CGM with treatment adjusted based on 
POC results. Subjects in the intervention, insulin adjustment was 
based on daily CGM (Dexcom G6) profile with glucose telemetry 
system (CGM-GTS group). Treatment adjustment was performed by 
the LTC medical team, with a target glucose of 140-180 mg/dl (7.77-
9.99 mmol/L), and a duration of intervention up to 60 days. Primary 
endpoint was difference between groups in time in range [TIR, 70-180 
mg/dL (3.88-9.99 mmol/L)].
Results: Participants had a mean age of 74.7±11 years, BMI: 29.6±7.9, 
HbA1c: 8.06±2.2% (65 mmol/mol), with 80% admitted to skilled nurs-
ing care/subacute rehab and 20% to long-term care facilities, with a 
median length of participation of 17 (IQR11, 29) days. There were no 
significant differences in percentage of time in range (TIR) (53.38% ± 
30.16 vs 48.81% ± 28.03, p=0.40), mean daily glucose (185.2 ± 44 vs 
191.02 ± 47 mg/dL (10.28 vs 10.61 mmol/L), p=0.72), or the percent of 
time below range (TBR) (0.83 ± 2.59 vs. 1.18 ± 3.54; P= 0.51 for BG< 
70 mg/dL (3.88 mmol/L); 0.23 ± 0.85 vs 0.56 ± 2.24; P=0.88 for BG< 
54 mg/dL (2.99 mmol/L) between rt-CGM group and POC-only group.
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Conclusion: The results of this pilot RCT indicate that the use of 
Dexcom G6 rtCGM with remote monitoring is safe and effective in 
guiding insulin therapy, resulting in a similar improvement in gly-
caemic control and hypoglycaemia rates compared to POC-guided 
insulin adjustment in in older subjects with T2D in LTCF.

Clinical Trial Registration Number: NCT04818242
Supported by: Dexcom
Disclosure: G. Umpierrez: None.

729
Infrared thermography as a non-invasive modality to characterise 
temperature variations in type 2 diabetics vs healthy controls
P. Jethwani1, M.  Mittal1, H.  Kothadia2, A.D.  Goel1, V.  Ganakumar3, 
R.  Shukla1, M.K.  Garg1;
1All India Institute of Medical Sciences, Jodhpur, India, 2Indian 
Institute of Technology, Jodhpur, India, 3Jawaharlal Nehru Medical 
College, Belagavi, India.

Background and aims: Diabetes is associated with ischemia, endothe-
lial and autonomic dysfunction, which can contribute to alterations in 
local blood flow leading to subtle variations of peripheral skin tem-
perature. Non-invasive modalities including infrared thermal imaging 
(IRT) can detect these temperature variations in diabetics with/without 
complications. We aimed to compare IRT-based parameters between 
individuals with type 2 diabetes versus healthy controls.
Materials and methods: Sixty three patients with T2DM and 53 
controls were included in this case-control study. Nine regions (Face, 
Eyes, Ears, Neck, Tongue, Forearm, Hands, Legs and Feet) were 
imaged using a Testo-890 camera under optimized ambient condi-
tions. Mean and corrected temperatures were compared and correla-
tion with glycemic indices was assessed.
Results: Median age of cases and controls was 50.4(±10.56) and 
46.83(±12.99) years respectively, while HbA1c was 8.5%(±2.02) 
and 5.6%(±0.59) respectively. Diabetics had a significantly higher 
corrected temperature in hands [9.07°C(7.6-10.54) vs 7.43°C(5.19-
9.67),p<0.001], ear [8.85°C(7.13-10.57) vs 7.78°C(6.02-9.54,p=0.001] 
and forearm [9.38°C(8.02-10.74) vs 7.43°C(5.23-9.63),p<0.001]. 

Pearson’s correlation analysis revealed positive correlation of HbA1c 
with corrected-temperature at hands (ρ=0.292, p=0.007) and forearm 
(ρ=0.329, p=0.002)]
Conclusion: Temperature differences were observed in diabetics 
(forearm, hands and ears) with HbA1c showing a significant posi-
tive correlation with IRT-parameters at hands and forearm. Using 
differences in temperature at specific sites, it is possible to deline-
ate diabetics from non-diabetics with definite HbA1c correlation. 
Thus, IRT can potentially serve as a non-invasive tool to screen 
for diabetes. Larger population studies are needed to explore the 
relationship between IRT-based temperature patterns and hypergly-
cemia, for its clinical utility as a screening tool for early detection 
of diabetes and associated complications.

Disclosure: P. Jethwani: None.

730
Endovascular denervation ablates periarterial sympathetic 
nerves and improves glucose tolerance in a canine model
Z. Wang, G.-J. Teng;
Southeast University, Nanjing, China.

Background and aims: Our previous study demonstrated that 
catheter-based endovascular denervation (EDN) at the celiac 
artery yielded promising outcomes in patients with type 2 diabetes 
mellitus (T2DM). This study aimed to evaluate the efficacy and 
underlying mechanisms of EDN in a canine model with impaired 
glucose tolerance.
Materials and methods: Twelve beagle dogs with impaired glucose 
tolerance induced by a high-fat high-fructose (HFHF) diet were ran-
domly to receive EDN (n = 6) treatment or sham-EDN (n = 6). Tissue 
norepinephrine levels were measured with liquid chromatography-mass 
spectrometry, and the extent of denervation was analyzed through 
histology and immunohistochemistry. Glucose tolerance and insulin 
sensitivity were examined by intravenous glucose tolerance tests and 
hyperinsulinemia-euglycemic clamps, respectively, at baseline, 7 weeks 
on HFHF diet, and 3 weeks post-EDN treatment. The potential mecha-
nisms underlying EDN were assessed by transcriptome in liver tissues.
Results: EDN treatment resulted in significant higher nerve injury 
score and lower tyrosine hydroxylase score compared with that in sham 
group. Concomitantly, the levels of norepinephrine in the liver, pan-
creas, and duodenum were significantly reduced by 84.0%, 74.8% and 
78.7%, respectively. Furthermore, EDN treatment resulted in signifi-
cant increase of glucose tolerance by enhancement of insulin secretion 
and insulin sensitivity. Mechanistically, EDN treatment regulate the 
expression of PEPCK, G6Pase and GCK genes, which are enriched in 
the lipid and carbon metabolism signaling pathway.
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Conclusion: EDN provides a novel therapeutic strategy to improves 
glucose tolerance via enhancement of insulin secretion and sensi-
tivity in the canine model. A novel finding was the identification 
of the effect of EDN on the lipid and carbon metabolism pathway.

Supported by: NSFC
Disclosure: Z. Wang: None.

731
Computational optimisation of insulin release from macroencap-
sulation devices
L. Trask1, R.  Tarpey2, G.P.  Duffy2, E.B.  Dolan1;
1Biomedical Engineering, University of Galway, Galway, Ireland, 
2School of Medicine, College of Medicine Nursing and Health Sci-
ences, University of Galway, Galway, Ireland.

Background and aims: Implantable macroencapsulation devices are 
being developed which encase transplanted pancreatic cells in semi-
permeable membranes. These devices, which aim to eliminate the 
need for immunosuppressants, improve cell retention, and facilitate 
cell retrieval, have shown some success but limited long-term viability. 
This is due in part to the diffusion barrier they pose which is exasper-
ated by the formation of a fibrous capsule around the device. Local 
fluid flow has recently been explored by us and others to enhance drug 

transport. We are using computational and experimental methods to 
explore the transport of vital factors, such as insulin, through these 
devices to inform their future design. In this abstract we evaluated the 
impact of changing the membrane diffusion coefficient, emulating the 
effect of blocked pores resulting from the foreign body response (FBR), 
and investigated how local fluid flow may overcome these effects.
Materials and methods: A simplistic model of a macroencapsulation 
device was created in a commercially available finite element analysis 
software. This consisted of a cell reservoir (119 x 82.4 x 0.5 mm) with 
a 0.15 mm thick membrane (10 μm pores, 3.5% porosity). The initial 
concentration of insulin in the cell reservoir was calculated from insulin 
secretion results for INS1E pseudoislets (4.09±1.31 μg/L, n=3) assum-
ing a 20% v/v cell packing density and idealized instantaneous insulin 
secretion. The membrane diffusion coefficient for 4 kDa dextran, a 
drug analogue for insulin, was determined using a Franz cell (36.9±4.9 
μm2/s, n=3). The formation of a fibrous capsule in vivo presents an 
additional diffusion barrier over time. To capture some of the impact of 
this reaction the diffusion coefficient was decreased to 25 μm2/s and 10 
μm2/s. Fluid flow velocity (25 mm/s, 50 mm/s, 75 mm/s) over a device 
with the lowest diffusion coefficient (D=10 μm2/s) was then explored.
Results: When assessing insulin release with respect to the diffu-
sion coefficient, our model captures a decrease in insulin transport as 
expected. At 15 minutes insulin release was 66.0, 51.1, and 21.0 μg 
with decreasing diffusion coefficient (Fig. 1A). Conversely, increasing 
fluid flow velocity (25 mm/s, 50 mm/s, 75 mm/s) past the device with 
the lowest diffusion coefficient (D=10 μm2/s) was able to restore insulin 
release respectively to 31.9, 45.5, and 63.9 μg at 15 minutes (Fig. 1B).
Conclusion: We capture a decrease in insulin transport which is 
reflective of blocked pores likely to occur after implantation. We 
also demonstrate that fluid flow over the device could be used to 
maintain insulin release despite this barrier. As macroencapsulation 
device failure is often a consequence of poor transport which is fur-
ther inhibited by the FBR, understanding to what degree this occurs 
and how it can be counteracted is crucial to future device design.

Supported by: IRC Grant # GOIPG/2022/984
Disclosure: L. Trask: None.

732
Accuracy evaluation of an implantable CGM with chemistry 
improvements in a 365-day feasibility study
L. Al-Khawi;
Senseonics, Inc., Germantown, MD, USA.

Background and aims: The prospective, multi-center PROMISE study 
demonstrated safety and accuracy of the 180-day Eversense E3 con-
tinuous glucose monitoring (CGM) System in adults with diabetes. 
Subsequently, the implantable E3 CGM sensor material and protective 
chemistries were advanced to improve the sensor signal maintenance. 
This analysis compares this Modified CGM System accuracy obtained 
from a feasibility study to that of the E3 CGM System using data from 
the PROMISE study.
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Materials and methods: A 365-day feasibility study was conducted 
to assess accuracy of CGM to self-monitored blood glucose (SMBG) 
measurements using the CONTOUR Next One meter for 32 Modified 
E3 sensors inserted in 32 subjects through 365 days. Results were 
compared to the CGM-SMBG pairs of E3 sensors from 30 subjects 
evaluated in the PROMISE study through 180 days.
Results: Modified E3 CGM System accuracy to SMBG through day 
365 was equivalent to that of the E3 CGM System through day 180 
as shown in the Table below.
Conclusion: Modifications to the E3 sensor prolonged the longevity 
of the sensor from 180 days to 365 days while maintaining accuracy, 
suggesting that a fully implanted CGM System could provide accurate 
data over a one-year time period.
Table: Accuracy to SMBG measurements of the Modified E3 sensors 
compared to that of E3 control sensors (Mean MARD increase of 
~1.4% when SMBG is used as reference compared to YSI)

Disclosure: L. Al-Khawi: Employment/Consultancy; Senseonics, 
Inc.

733
Alleviation of autonomic dysfunction measured as pressure pain 
sensitivity at the sternum improves empowerment and quality of 
life in type 2 diabetes: a randomised trial
S. Hecquet1,2, S.  Ballegaard2, E.  Eldrup2, C.  Hansen1, P.  Rossing1, C. 
 Pichat2, T.  Watt2, F.  Gyntelberg3, N.  Orsted2, A.  Gjedde4, J.  Faber2;
1Complication Research, Steno Diabetes Center Copenhagen, Herlev, 
Denmark, 2Department of Medicine, Endocrine Unit, Herlev Gen-
tofte Hospital, Herlev, Denmark, 3The National Research Centre for 
the Working Environment, Copenhagen, Denmark, 4Department of 
Neuroscience, University of Copenhagen, Copenhagen, Denmark.

Background and aims: Autonomic nervous system (ANS) regulates 
many bodily functions including glucose metabolism. Dysfunction of ANS 
(ANSD) disrupts glucose metabolism. An elevated pressure pain sensitiv-
ity (PPS) of the chest bone is linked to ANSD. A non-pharmacological 
PPS-biofeedback guided treatment based on: 1) daily PPS measurement 
for compliance enhancement and measurement of progression in the 
treatment, 2) daily non-noxious sensory nerve stimulation with the aim to 
reduce an elevated PPS, and 3) ongoing professional surveillance for pro-
active restoration of PPS, reduces PPS and HbA1c and with internal cor-
relation between the two. ANSD, measured as an elevated PPS (i.e., ≥ 60 
arbitrary units) is prevalent in 65% of people with type 2 diabetes (T2D).
Materials and methods: In a single center randomized controlled 
trial we included individuals with T2D from general practice, with 
HbA1c ≤ 75 mmol/mol, PPS ≥ 60, BMI < 40, and age 18 to 75 years 
old. Participants were randomized to the non-pharmacological inter-
vention or treatment as usual. The endpoints were evaluated with 8 
validated questionnaires. Here we investigated if a reduction in PPS 
achieved by this self-managed intervention leads to improvement in 
empowerment (DES-SF), Diabetes Treatment Satisfaction (DTSQ), 
quality of life (QOL) (WHO-5), degree of depression (MDI), clinical 
stress signs (CSS), self-reported health (SF-36), and quality of sleep.
Results: We included 144 participants in the trial. Mean compliance 
rate for daily home PPS measurement was 90 %. Active intervention 
compared to control induced a reduction of PPS (p<0.0001), improved 
personal empowerment (p=0.004), DTSQ (p=0.001), QOL (p=0.056), 
SF-36 physical health (p=0.003), and quality of sleep (p=0.003). 

The remaining 3 questionnaires: CSS, MDI and SF-36 mental health 
improved significantly in both groups, but in-significantly between 
groups. Personal empowerment correlated significantly to DTSQ, 
QOL, MDI, CSS, SF-36 mental health, and PPS (all correlation coef-
ficients > 0.2, all p<0.05), but not to HbA1c.
Conclusion: The non-pharmacological intervention including daily 
home measurements of PPS and sensory nerve stimulation was found 
to be associated with a high rate of compliance, to improve empow-
erment, treatment satisfaction, QOL, self-reported health and sleep. 
We conclude that the proposed intervention may be an important 
supplement to conventional therapy for T2D.
Clinical Trial Registration Number: NCT 03576430
Supported by: Johan Schrøders Erhvervs og Familiefond fund, and 
Innovation Fund Denmark (Grant Reg. No: 8062-00554B).
Disclosure: S. Hecquet: None.

734
The use of smartwatch data in a closed loop system may reduce 
the risk of hypoglycaemia during unannounced physical activities
H. Romero Ugalde, S. Pou, A. Adenis, S. Lachal, M. Louis, Y. 
Pinaroli, E. Huneker;
R&D, Diabeloop SA, Grenoble, France.

Background and aims: Physical activity (PA) is recommended to 
improve glucose control in patients with T1D. However, this recom-
mendation is not always achieved due in part to the increased risk for 
hypoglycemia, which is the main barrier for T1D patients to partici-
pate in PA. Commercially available automated insulin delivery systems 
improve glucose control when PA is declared by the patient but they 
are not able to adequately deal with unannounced PAs. This abstract 
presents results of the evaluation of an algorithm designed to decrease 
the risk of hypoglycemia. The algorithm makes rescue carb (RC) rec-
ommendations when PA is detected by the use of smartwatch data.
Materials and methods: The Type 1 Diabetes Exercise Initiative (T1DEXI) 
was a real-world study of at-home exercise, where 561 adults with type 1 
diabetes were randomly assigned to complete six structured aerobic, interval 
workouts, or resistance exercise sessions over 4 weeks. All patients in the 
T1DEXI dataset with available heart rate, step counts, insulin, CHO and 
glycemia data are included in the study. First of all, some rules for detection 
of a PA based on heart rate and step count data, from the Verily study smart-
watch, are set. Secondly, a RC recommendation algorithm is activated when 
PA is detected. Then, periods where PA were detected are analyzed. We 
consider as an improvement on hypoglycemia risk if, in the data, we can see 
that the patient did not take any RCs while the proposed algorithm detected 
a PA and recommended RCs and the patient went into hypoglycemia. We 
consider as a worse case scenario if the algorithm detected PA and recom-
mended RCs and, in the data, we can see that the patient did not take rRCs 
and ended up in hyperglycemia. Finally, the time in hypoglycemia that may 
be prevented by the proposed algorithm is computed as the TBR70 within 
the first 60 min after the first RC recommended by the algorithm.
Results: On 119 patients the algorithm detected at least one PA and 
recommended RCs before the patient went into hypoglycemia. The algo-
rithm never recommended RCs in cases where the patient ended up in 
hyperglycemia. The median time in hypoglycemia per day that could be 
prevented with the proposed algorithm was 30 minutes (SD=19.52) per 
day for the 119 patients (see Fig. 1). For 16 out of the 119 patients, the 
proposed algorithm would prevent over 60 min spent in hypoglycemia.
Conclusion: There is the possibility to reduce hypoglycemia risk with-
out increasing hyperglycemia risk even during unannounced PAs by the 
use of smartwatch data and a rescue carb recommendation algorithm. 
Acknowledgment: This publication is based on research using data 
from “Jaeb Center for Health Research Foundation” that has been made 
available through Vivli, Inc. Vivli has not contributed to or approved, 
and is not in any way responsible for, the contents of this publication.
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Automated insulin delivery tightens glucose control and stabilises 
circulating endothelial progenitor cells in a 6-months-randomised 
study
A. Rossi1, E.  Reseghetti2, L.  Montefusco1, F. D’Addio3, C.  Loretelli3, 
G.  Rossi3, A.  Abdelsalam3, L.  Loreggian3, I.  Pastore1, M.  Lunati1, P. 
 Morpurgo1, M.  Macedoni4, C.  Mameli4, G.  Zuccotti3,4, P.  Fiorina1,3;
1Endocrinology Unit, ASST Fatebenefratelli-Sacco, Milan, Italy, 
2Division of Nephrology, Dialysis and Kidney Transplant, ASST Papa 
Giovanni XXIII Hospital, Bergamo, Italy, 3Department of Biomedical 
and Clinical Sciences, University of Milan, Milan, Italy, 4Department 
of Pediatrics, ASST Fatebenefratelli-Sacco, Milan, Italy.

Background and aims: New algorithms for the automation of 
insulin delivery showed further benefits as compared to open-
loop pumps in term of glucose control and patients’ satisfaction. 
However, the effects of sensor augmented pumps and automated 
insulin delivery systems on diabetic complications are scant. Aim 
of this study is to investigate the effects of an advanced hybrid 
closed loop (AHCL) compared to a sensor augmented pump with 
predictive low glucose suspend (PLGS) on metabolic outcomes and 
early biomarkers of microvascular damage.
Materials and methods: In a 26-weeks open label, multi-center, 
randomized, parallel-group trial, we enrolled 48 adults with type 1 
diabetes previously treated with continuous subcutaneous insulin 
infusion. Minimed™ 780G system was used in AHCL and PLGS 
mode, basing on 1:1 randomization assignment. Glucose control 
and circulating endothelial progenitor cells (EPCs) quantified as 
 CD34+  KDR+/CD133+ cells were evaluated. Continuous variables 
are presented as means with standard error means. Sample t-tests 
was used to compare continuous variables; correlation analyses 
were performed using the Pearson correlation coefficient.
Results: 24 patients were treated with AHCL mode (Group A), while 
24 were treated with PLGS (Group B). Baseline mean age (41±3 vs. 
42±3 years), disease duration (24±2 vs. 21±2 years), HbA1c (58±2 
vs. 57±2 mmol/mol), time in range (64±2 vs. 67±2%), time in tight 
range 140-180 mg/dL (37±2 vs. 40±2%) and coefficient of variation 
(34±1 vs. 32±1%) did not differ between group A vs. B respectively. 
After 6 months, analysis of glucose metrics revealed a better glucose 
management indicator (6.6±0.1 vs. 7.2±0.1%, p<0.0001), time in 
range (79±1.4 vs 65±2.5%, p<0.0001), time in tight range (55±1.8 
vs 36.7±2.4%, p<0.0001), HbA1c (50±1.5 vs 56±1.7 mmol/mol, 
p<0.005). While the number of EPCs (e.g.;  CD34+VEGFR+CD133+) 
was not significantly different at baseline (200±45 and 324±59 cells/
ml), it decreased at 6 months in group B but not in group A (Delta: 
Group A -1.7±72 vs. Group B -221±61 cells/ml, p < 0.05). Time in 
tight range and time in range at 6 months positively correlated with 
EPC count change (respectively r=0.37, p<0.01; r=0.31, p<0.05). 
No severe adverse events occurred in both groups.
Conclusion: The automated insulin delivery system evaluated in this 
randomized controlled trial showed a strong improvement of time in 
range and time in tight range. EPC count was stabilized in AHCL 
group but not in PLGS treated group. These results suggested potential 
preclinical effects of 6 months automated insulin delivery.
Clinical Trial Registration Number: NCT05477030
Disclosure: A. Rossi: None.
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736
Use of a one-time loading dose of once-weekly insulin efsitora 
alfa in phase 2 reduces transient hyperglycaemia and is not 
associated with excess hypoglycaemia risk vs degludec
J. Bue-Valleskey1, C.  Kazda1, Q.  Zhang1, A.  Haupt1, D.  Dahl2, 
J.  Frias3;
1Eli Lilly and Company, Indianapolis, IN, USA, 2Gemeinschaft-
spraxis fur Innere Medizin und Diabetologie, Hamburg, Germany, 
3Velocity Clinical Research, Los Angeles, CA, USA.

Background and aims: Once-weekly insulin efsitora alfa (efsitora, 
LY3209590, basal insulin Fc [BIF]) is an insulin receptor agonist that 
combines a novel single-chain analogue of insulin with a human IgG2 
Fc domain. It is specifically designed for once weekly subcutaneous 
administration. Given efsitora’s slow accumulation and extended PK 
profile, initiation of or transition from prior once daily basal insulin 
to efsitora was managed by “boosting” initial exposure with a one-
time ~ 3-fold one-time loading dose strategy to achieve therapeutic 
concentration more quickly in phase 2 studies. In the absence of a 
definitive mg to unit conversion factor, determination of the starting 
once-weekly dose differed by study and was based on PK/PD mod-
elling and individual patient characteristics. These analyses aim to 
assess and compare glycaemic control and hypoglycaemia risk during 
the first 6 weeks of treatment with efsitora or degludec.
Materials and methods: The safety population from 3 randomized, 
open-label, phase 2 treat-to-target studies included 942 people with 
T2D previously treated with basal insulin (T2D-Switch), new to insulin 
therapy (T2D-Naïve), or with T1D on multiple daily injections (T1D). 
Once-weekly efsitora was compared to once-daily degludec (DEG) for 
26 or 32 weeks.
Results: Fasting glucose and patient reported hypoglycaemia 
<3.9mmol/L (<70mg/dL) were compared between efsitora and 
DEG during the first 6 weeks of treatment and showed no clinically 
significant differences between treatments (Table). T2D-Switch 
and T1D studies included CGM and data during first 6 weeks of 
the study were reviewed; no severe hypoglycaemia was reported 
during this time.
Conclusion: These data suggest that the efsitora loading dose 
strategy is safe and effective in reducing transient hyperglycaemia, 
especially in T2D.

Clinical Trial Registration Number: NCT04450394, NCT04450407, 
NCT03736785
Supported by: Eli Lilly and Company
Disclosure: J. Bue-Valleskey: Employment/Consultancy; Eli Lilly and 
Company. Stock/Shareholding; Eli Lilly and Company.

737
The effect of various degrees of hepatic impairment on the pharma-
cokinetic characteristics of once-weekly insulin icodec
J.R. Hingst1, B.  Cieslarova2, A.M.  Donatsky1, J.R.  Joseph3, N.R. 
 Kristensen1, V. Kupčová4, H.  Haahr1;
1Novo Nordisk, Søborg, Denmark, 2ICON, Prague, Czech Republic, 
3Novo Nordisk, Bangalore, India, 4Dérer’s Hospital, Comenius Uni-
versity, Bratislava, Slovakia.

Background and aims: Insulin icodec is a novel basal insulin being 
developed for once-weekly administration. This study investigated if 
the pharmacokinetic characteristics of insulin icodec are affected by 
hepatic impairment.
Materials and methods: In an open-label, parallel-group trial, 25 
individuals (13 females/12 males; mean±standard deviation age 
54±9 years, body weight 82.1±17.0 kg, BMI 28.3±5.2 kg/m2) were 
allocated to four groups based on hepatic function: normal hepatic 
function (n=6), mild hepatic impairment (Child-Pugh Classification 
class A; n=6), moderate hepatic impairment (Child-Pugh class B; 
n=6) and severe hepatic impairment (Child-Pugh class C; n=7). 
The group of subjects with normal hepatic function was matched 
to the groups of hepatic impairment with respect to age and body 
weight. Insulin icodec was administered as a single s.c. dose (1.5 U/
kg) followed by frequent blood sampling for determination of serum 
insulin icodec concentrations until 840 hours (35 days) post-dose. 
The observed serum insulin icodec concentrations after a single 
dose were extrapolated to once-weekly administration at steady 
state using pharmacokinetic modelling.
Results: Total exposure of insulin icodec after a single dose (area 
under the serum insulin icodec concentration-time curve from zero 
to infinity; AUC 0-∞,SD) was statistically significantly greater for mild 
(by 13%) and moderate (by 15%) hepatic impairment versus normal 
hepatic function, while no difference was observed for severe hepatic 
impairment versus normal hepatic function (Figure). As total expo-
sure is not influenced by extrapolation from single dose to steady 
state, results for total exposure at steady state (AUC τ,SS) were similar 
to those for AUC 0-∞,SD. Maximum concentration of insulin icodec 
was not affected by hepatic impairment after a single dose  (Cmax,SD) 
or when extrapolated to steady state  (Cmax,SS).
Conclusion: The slightly greater total exposure of insulin icodec 
for mild and moderate hepatic impairment versus normal hepatic 
function is considered of limited clinical relevance as insulin icodec 
should be dosed according to individual need. No specific dose 
adjustment of insulin icodec is required in individuals with hepatic 
impairment.
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Clinical Trial Registration Number: NCT04597697 (ClinicalTrials.gov)
Supported by: Novo Nordisk
Disclosure: J.R. Hingst: Employment/Consultancy; Novo Nordisk. 
Stock/Shareholding; Novo Nordisk.

738
Pharmacokinetic properties of once-weekly insulin icodec in indi-
viduals with renal impairment versus normal renal function
H. Haahr1, N.R.  Kristensen1, J.H.  Larsen2, F.-D.H.  Wagner3, S. 
 Ignatenko3;
1Novo Nordisk, Søborg, Denmark, 2Novo Nordisk, Aalborg, Den-
mark, 3Charité Research Organisation, Berlin, Germany.

Background and aims: Insulin icodec is a once-weekly basal insulin 
in development. This trial investigated if renal impairment affects the 
pharmacokinetic properties of insulin icodec.
Materials and methods: In an open-label, parallel-group trial, 58 
individuals (39 males/19 females; mean±standard deviation age 
50±13 years, BMI 26.5±3.1 kg/m2) were allocated to five groups 
according to renal function based on measured glomerular filtration 
rate (GFR): normal renal function (≥90 mL/min; N=12), mild renal 
impairment (60 to <90 mL/min; N=12), moderate renal impairment 
(30 to <60 mL/min; N=12), severe renal impairment (<30 mL/min; 
N=12) and end-stage renal disease (N=10). A single s.c. dose of insu-
lin icodec (1.5 U/kg) was administered, and blood was sampled fre-
quently until 840 hours (35 days) post-dose for measurement of serum 
insulin icodec concentration. Serum insulin icodec concentration at 

steady state during once-weekly administration was predicted by phar-
macokinetic modelling.
Results: With decreasing GFR, a minor increase was observed in 
total exposure of insulin icodec after a single dose (area under the 
serum insulin icodec concentration-time curve from zero to 840 
hours; AUC 0-840h,SD). However, the estimated effect of GFR on AUC 
0-840h,SD did not differ statistically significantly from zero (-0.069; 
95% CI [-0.150;0.013]; p=0.099). As extrapolation from single dose 
to steady state has no effect on total exposure, results for AUC 0-840h,SD 
also reflect total exposure at steady state (AUC τ,SS). Pairwise group 
comparisons showed numerically slightly higher AUC 0-840h,SD for 
renal impairment versus normal renal function, which reached sta-
tistical significance for moderate renal impairment versus normal 
renal function (Figure). There were no differences between renal 
impairment groups and normal renal function in maximum insulin 
icodec concentration after a single dose  (Cmax,SD). When simulated 
to steady state, maximum insulin icodec concentration  (Cmax,SS) was 
numerically slightly higher for renal impairment versus normal renal 
function.
Conclusion: Insulin icodec exposure trended to be slightly higher for 
renal impairment versus normal renal function. The clinical relevance 
is however limited as insulin icodec should be dosed according to 
individual need. Thus, no specific dose adjustment of insulin icodec 
is required in individuals with renal impairment.

Clinical Trial Registration Number: NCT03723785 (ClinicalTrials.
gov)
Supported by: Novo Nordisk
Disclosure: H. Haahr: Employment/Consultancy; Novo Nordisk. 
Stock/Shareholding; Novo Nordisk.

http://clinicaltrials.gov
http://clinicaltrials.gov
http://clinicaltrials.gov
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739
Efficacy and safety of fast-acting insulin aspart versus insulin 
aspart both in combination with insulin degludec with or without 
metformin in adults with diabetes
J. Du1, G.X.  Wang2, G.  Wang3, M.  Liu4, U.K.  Thamattoor5, Z.J. 
 Luan6, A.C.  Alibegovic7, Y.M.  Mu1;
1Chinese PLA General Hospital, Beijing, China, 2The First Hospital 
of Jilin University, Jilin, China, 3Beijing Chao-Yang Hospital, Bei-
jing, China, 4Tianjin Medical University General Hospital, Tianjin, 
China, 5Global Business Services, Novo Nordisk India Private Lim-
ited, Bangalore, India, 6Novo Nordisk, Beijing, China, 7Novo Nordisk 
A/S, Søborg, Denmark.

Background and aims: The ONSET China trial evaluated the effi-
cacy and safety of fast-acting insulin aspart (faster aspart) versus 
insulin aspart (IAsp), both with insulin degludec with or without 
metformin, in Chinese adults with type 1 diabetes (T1D) or type 
2 diabetes (T2D) not optimally controlled with a basal-bolus or a 
premix regimen.
Materials and methods: In this double-blind, treat-to-target, paral-
lel-group, phase 3a trial participants were randomised 1:1 to faster 
aspart or IAsp, each with insulin degludec with or without met-
formin (Oct 2020 - Aug 2022). Participants with T1D or T2D were 
randomised if  HbA1c ≤9.0%. The primary endpoint was change in 
 HbA1c from baseline to 16 weeks after randomisation, and secondary 
endpoints included change in postprandial glucose (PPG) and PPG 
increments from baseline to week 16 during meal tests. Severe or 
blood glucose (BG)-confirmed hypoglycaemia events were recorded. 
The primary endpoint was analysed using a mixed-effect model for 
repeated measurements and stratified by T1D and T2D (pre-specified 
analysis).
Results: Of the 300 participants randomised, baseline characteris-
tics were similar between the two groups (faster aspart, n=150 and 
IAsp, n=150). Overall, 54.7% were male and mean age was 56.0 
years (SD 11.4). Mean  HbA1c was 7.84% (SD 0.67) in participants 
with T1D (n=68) and 7.72% (SD 0.64) in those with T2D (n=232). 
Non-inferiority for change in  HbA1c from baseline to 16 weeks after 
randomisation was confirmed for faster aspart versus IAsp (estimated 
treatment difference [ETD] −0.05 [95% CI: −0.19;0.09], 1-sided 
p-value <0.0001). When stratifying this by T1D and T2D, no statis-
tically significant difference between the two treatments was found 
(T1D: ETD −0.15 [95% CI: −0.48;0.17], p=0.35; T2D: ETD −0.02 
[95% CI: −0.17;0.14], p=0.85). Changes in PPG and PPG increments 
from baseline to week 16 at 30 min and 60 min during meal tests were 
statistically significantly different and favoured faster aspart versus 
IAsp (Table). The overall rate of severe or BG-confirmed hypoglycae-
mia was similar across both groups (estimated treatment ratio faster 
aspart/IAsp: 1.11 [95% CI: 0.80;1.52], p=0.54).
Conclusion: The ONSET China trial demonstrated that, in combina-
tion with insulin degludec, faster aspart provided efficacious glycae-
mic control and better PPG control versus IAsp in Chinese adults 
with T1D or T2D, with no difference in severe or BG-confirmed 
hypoglycaemia.

Clinical Trial Registration Number: NCT04588259
Supported by: Novo Nordisk A/S
Disclosure: J. Du: None.

740
Do people living with type 1 diabetes use the dosing flexibility of 
degludec and does this depend on patient characteristics?
Y. Winhofer1, A.  Kaas2, N.N.  Knudsen2, J.H.J.  Martiny2, C. 
 Mathieu3;
1Division of Endocrinology & Metabolism, Department of Internal 
Medicine III, Medical University of Vienna, Vienna, Austria, 2Novo 
Nordisk A/S, Søborg, Denmark, 3Clinical and Experimental Endo-
crinology, University of Leuven, Leuven, Belgium.

Background and aims: Flexibility in insulin degludec injection tim-
ing of 8-40 hrs between doses allows people with diabetes to adapt 
their treatment around daily life.
Materials and methods: This real-world multinational study 
explored flexible dosing (≥6hr difference in time of day [clock-time] 
between consecutive doses) in terms of prevalence and associated 
characteristics in 1136 people with type 1 diabetes (T1D) (mean [SD] 
age 31.3 [17.7] years, 54% male, median observation period 124 days 
[IQR: 41, 234]) who were administering insulin degludec with smart 
pens. Of these participants, 14.4% regularly flexed dosing time (≥1 
time every month). The probability of having ≥1 flexible dose in a 
given 2-week period was shown by a generalised linear mixed model 
(log link) with participant identification number as a random effect 
and individual characteristics as fixed effects.
Results: Estimated least squares-mean probability of ≥1 flexible dose 
in a given 2-week period was 25.0% (95% CI: 21.5%, 28.9%), with 
higher probability for young adults (aged 18-25), those who usually 
inject 9am-6pm, and those with a higher (>30 U/day) basal dose (all 
p<0.01). Probability decreased with time from smart pen initiation 
(p<0.01). In the subgroup of 455 adults with continuous glucose 
monitoring data, flexibility in dosing time did not affect glycaemic 
control.
Conclusion: Overall, a group of people with T1D used the degludec 
dosing flexibility; these were most often young adults aged 18-25, 
those injecting 9am-6pm, and those requiring higher degludec doses.
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Supported by: Novo Nordisk A/S
Disclosure: Y. Winhofer: None.

741
Characteristics of priming behaviour among individuals with 
diabetes using NovoPen 6 in a real-world setting
P. Choudhary1, J. Diogo Da Rocha  Fernandes2, A.  Kaas2, M.R. 
Sørensen2, K. Barnard-Kelly3;
1Leicester Diabetes Centre, University of Leicester and University Hos-
pitals Leicester, Leicester, UK, 2Novo Nordisk A/S, Søborg, Denmark, 

3Barnard Health Research Limited, Portsmouth and Southern Health 
NHS Foundation Trust, Southampton, UK.

Background and aims: Insulin users are advised to prime their device 
before use, removing air and testing insulin flow; however, there is 
limited evidence on real-world priming behaviour. The NovoPen® 6 
(NovoPen 6) smart insulin pen records the date, timing, and dose of 
administered insulin injections. This study investigated priming behav-
iour according to various patient characteristics among individuals 
using NovoPen 6 in a real-world setting.
Materials and methods: Adults (≥18 years of age) with diabetes 
administering insulin using a NovoPen 6 smart insulin pen and who 
had administered ≥10 therapeutic basal or bolus doses (defined as any 
dose not meeting the criteria for a priming dose) were included. Data 
collected via glucose-monitoring apps were analyzed with a simpli-
fied version of the iPrime algorithm (developed by Novo Nordisk; EU 
Medical Device Regulation-certified as Software as a Medical Device) 
to identify priming doses in collected data: dose size ≤2 units and ≤6 
minutes to next dose. Therapeutic doses separated by ≤6 minutes were 
considered a split dose and merged into one dose.
Results: In total, 9,322 individuals from 19 countries were identified 
whose data met the inclusion criteria, with most individuals located in 
the UK (32.0%) or Sweden (21.9%); mean (SD) age was 42.9 (15.7) 
years. Across users, 3,877,158 therapeutic doses were administered 
(median [Q1, Q3], 226 [97, 513]), with a median (Q1, Q3) of 61 (30, 
138) dose days/user. Not all apps require recording of sex and diabetes 
type. Where these were recorded (sex, 44.2%; diabetes type, 47.3%), 
most individuals were men (58.4%) and had type 1 diabetes (T1D; 
85.0%). Most participants (65.5%) used NovoPen 6 for bolus insulin 
only, followed by use for basal and bolus insulin (29.0%) and use for 
basal insulin only (5.5%). A priming dose preceded 42% of therapeutic 
injections (TIs) overall; 44% of individuals primed ≤10% of their TIs 
and 28% primed ≥90% of TIs (Figure, panel A). Younger individuals 
were more likely to prime before a TI (p<0.001). Priming rates varied 
across countries, with individuals in Japan showing higher rates than 
were observed in other countries. Priming behaviour did not differ 
between users of different insulin types, but individuals who were dos-
ing more frequently or taking smaller doses were more likely to prime 
(p<0.001 for both) (Figure, panel B).
Conclusion: Fewer than half of administered doses were preceded 
by a priming dose. Participants almost always or almost never primed 
their insulin pens; factors associated with priming behaviour included 
younger age, dosing frequently or taking smaller doses. These findings 
highlight the new opportunity that smart insulin pens present to observe 
real world insulin therapy management by people with diabetes.

Supported by: Medical writing support was provided by Oxford Phar-
maGenesis, UK, funded by Novo Nordisk A/S.
Disclosure: P. Choudhary: Honorarium; Novo Nordisk, Sanofi, Lilly 
diabetes, Dexcom, Insulet, Medtronic, Abbot Diabetes.



S379Diabetologia (2023) 66 (Suppl 1):S1–S536 

1 3

742
Real-world utilisation outcomes of shorter warmup and 12-hour 
grace period in a seventh-generation real-time continuous glucose 
monitoring system
L. Jepson, J. Welsh, S. Andrade;
Dexcom, Inc., San Diego, CA, USA.

Background and aims: Newly-inserted sixth-generation continu-
ous glucose monitoring (CGM) sensors typically proceed through 
a 2-hour warmup period before providing glucose values, and stop 
providing data abruptly at the end of their 10-day working lives. A 
seventh-generation real-time CGM system offers a 30-minute warmup 
period, a 10-day working life, and up to 12 hours of extended data 
availability after sensor session end (a “grace period”). The inte-
gration of a unique transmitter with each seventh-generation sensor 
allows for initialization of a fresh sensor prior to the end of an exist-
ing sensor session. We hypothesize that these features will increase 
glucose data availability by shortening the interval without glucose 
data between successive sensor sessions.
Materials and methods: We analyzed real-world data from a pseu-
donymized, aggregated sample of users outside the United States 
who transitioned to the seventh-generation system. Analysis used data 
from the last 60 days leading up to the final glucose record from the 
sixth-generation system and the first 60 days following first glucose 
record  from the seventh-generation system. Data from individuals 
who used the sixth- and seventh-generation systems concurrently 
were excluded, as were data from individuals with a gap in the glu-
cose record of more than 30 days between systems.
Results: Data from a randomly-downsampled cohort of 1,000 transi-
tioners were analyzed. Most sensor change events (51.5%) occurred 
during the grace period and 18.1% occurred at the end of the full 
12-hour grace period. Median time without glucose readings at sensor 
change events decreased by 1.8 hours from the sixth-generation sys-
tem (2.5 hours) to the seventh-generation system (0.7 hours). Median 
time from sensor session end to next sensor insertion was 12 minutes 
shorter in the seventh-generation system. Nearly 16% of all sensor 
change events for the seventh-generation system had evidence of sen-
sor overlap, with 3.2% of events overlapping by 30 or more minutes 
. Also, 9.0% of the individuals in the sample had at least one sensor 
change event with an overlap of 30 or more minutes.
Conclusion: Transitioning from a sixth- to a seventh-generation real-
time CGM system was associated with reductions in time between 
sensor sessions and time without glucose readings. These improve-
ments are attributable to design changes in the latter system including 
a shorter warmup interval, extended data availability, and sensor-
transmitter integration. Near-constant availability of glucose data 
may contribute to more timely and appropriate diabetes management 
decisions.
Disclosure: L. Jepson: Employment/Consultancy; Dexcom, Inc. 
Stock/Shareholding; Dexcom, Inc.

SO 58 To hell with the hypo
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The potential of predicting nocturnal hypoglycaemia for insulin-
treated individuals with type 2 diabetes in telemonitoring
T. Kronborg1,2, S.  Hangaard1,2, O.  Hejlesen1, P.  Vestergaard2,3, M.H. 
 Jensen1,2;
1Department of Health Science and Technology, Aalborg University, 
Aalborg, Denmark, 2Steno Diabetes Center North Denmark, Aalborg 
University Hospital, Aalborg, Denmark, 3Department of Endocrinol-
ogy and Clinical Medicine, Aalborg University Hospital, Aalborg, 
Denmark.

Background and aims: Nocturnal hypoglycaemia is a common prob-
lem in insulin-treated individuals with type 2 diabetes and may lead 
to hypoglycaemia unawareness, anxiety, and poor adherence to treat-
ment. To address this issue, we aimed to develop a predictive model 
to identify individuals at risk of nocturnal hypoglycaemia before 
going to bed at night.
Materials and methods: The development of the prediction model 
was considered a classification problem and followed FDA’s Good 
Machine Learning Practice for Medical Device Development. We 
collected continuous glucose monitoring (CGM) data from 60 
individuals with type 2 diabetes from the intervention arm in the 
ongoing telemonitoring trial DiaMonT. Data were segmented into 
24-hour periods separated at midnight and labelled as nocturnal 
hypoglycaemia when at least fifteen consecutive minutes were 
spent below 3.9 mmol/L during the following night (00:01-05:59). 
The periods were further divided into four intervals for feature 
selection: last night (00:01-05:59), morning (06:00-09:00), day 
(06:00-00:00), and evening (21:00-00:00). Potential CGM-based 
features included the minimum and maximum values, range, slope, 
glycemic variability, standard deviation, variance, and mean from 
each time interval as well as the last value for the period. Addition-
ally, a relative variant of each feature was calculated by subtracting 
the mean of the feature from previous periods within the same 
individual. The data were partitioned into 67% for training a model 
based on logistic regression while the remaining 33% were reserved 
for testing the model. During training, the data were balanced using 
synthetic minority oversampling technique (SMOTE) and features 
were included in the model by forward selection in a five-fold 
cross-validation. The model was then tested on the remaining 33% 
for the ability to predict 24-hour periods resulting in nocturnal 
hypoglycaemia.
Results: From the CGM data, 5100 periods were extracted out of 
which 92 periods resulted in nocturnal hypoglycaemia. The final 
model was based on the minimum value during the day, the mini-
mum value during last night, the last value (relative), and the vari-
ance during evening (relative). The model obtained an area under 
the receiver operating characteristics curve (AUC) of 0.85 on the 
independent test data (Figure 1) (p < 0.001). The model had a 
sensitivity of 0.75 at a specificity of 0.80.
Conclusion: A prediction model based on CGM data can poten-
tially be a valuable addition to telemonitoring to prevent nocturnal 
hypoglycaemia for insulin-treated individuals with type 2 diabetes.
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Clinical Trial Registration Number: NCT04981808
Disclosure: T. Kronborg: None.

744
Hypoglycaemia self-management among adults with diabetes: 
gaps and leverage points (iNPHORM study, United States)
S. Harris, A. Ratzki-Leewing, J.E. Black, G. Zou, B.L. Ryan;
Schulich School of Medicine and Dentistry, Western University, Lon-
don, ON, Canada.

Background and aims: Engagement with clinically recommended 
hypoglycemia self-management remains poorly understood in the real 
world. Addressing this gap, we analyzed data from the 1-year, prospec-
tive iNPHORM study (United States [US], 2020-2021).
Materials and methods: iNPHORM participants (18-90 years old) 
with type 1 diabetes mellitus (T1DM) and insulin- and/or secretagogue-
treated type 2 diabetes mellitus (T2DM) were recruited from a US-wide 
probability-based internet panel. Data on respondent characteristics and 
hypoglycemia experiences were captured across a screener, baseline, 
and 12 monthly prospective follow-ups. Multiple self-management 
behaviours were measured at baseline using 5-point Likert items. 
Among complete cases with ≥1 follow-up(s), we calculated statistical 
differences in responses by diabetes type using two-tailed two-sample 
tests of proportions.
Results: N=1,687 participants were analyzed (T1DM: 15.7%; male: 
50.0%; age: 49.3 [SD: 14.4] years old). Roughly two-thirds (68.3% 
[95%CI: 66.0-70.5%]) and one-third (37.7% [95%CI: 35.4-40.0%]) 
of participants experienced ≥1 non-severe and Level 3 hypoglycemia 
event(s), respectively. Rates of non-severe and Level 3 hypoglycemia 
were 48 (95%CI: 43.9-52.5) and 2.4 (95%CI: 2.1-2.7) events per per-
son-year, respectively. Half of participants (50.8%) reported that they 
often or always monitored their risk of hypoglycemia; although moni-
toring was more common among participants with T1DM than T2DM 
(68.3% versus 47.5%, respectively; p<0.001). Adjustments to diabe-
tes medications without physician recommendation were infrequent 
(68.5% did so rarely or never), but more common among participants 

with T1DM than T2DM (55.8% versus 26.9% did so sometimes, often, 
or always, respectively; p<0.001). Participants with T1DM were more 
vigilant in monitoring their exercise and food/carbohydrate intake to 
avoid hypoglycemia than participants with T2DM (66.0% versus 39.9% 
reported monitoring exercise often or always, respectively; p<0.001; 
69.8% versus 52.2% reported monitoring food/carbohydrate intake 
often or always, respectively; p<0.001). Close to one in two (47.1%) 
participants reported never having glucagon available for emergency 
use, including more than a quarter of T1DM participants (28.3%).
Conclusion: Our comprehensive analysis reveals several key areas 
for improved hypoglycemia self-management. Only 50% of our total 
sample reported consistently monitoring their event risk despite tak-
ing insulin or secretagogues. Moreover, strategies to actively avoid 
hypoglycemia were relatively infrequent, especially among people 
with T2DM. Clinical efforts to promote hypoglycemia detection and 
prevention should remain an ongoing priority in routine practice. 
Not least, providers should prescribe glucagon, whenever appropri-
ate and feasible.
Clinical Trial Registration Number: NCT04219514
Supported by: This research was funded through an investigator-
initiated grant from Sanofi Global.
Disclosure: S. Harris: Employment/Consultancy; Abbott, AstraZen-
eca, Bayer, Eli Lilly, Janssen, Novo Nordisk, Sanofi. Grants; Sanofi 
Global. Honorarium; Abbott, AstraZeneca, Bayer, Eli Lilly, Janssen, 
Novo Nordisk, Sanofi.

745
Dasiglucagon corrects postprandial hypoglycaemia in Roux-en-Y 
gastric bypass-operated individuals
C. Nielsen1, C. Øhrstrøm2, I.  Houji1, M.  Helsted1, L.  Krogh1, N. 
 Johansen1, B.  Hartmann3, J.  Holst3, T. Vilsbøll4, F.  Knop1;
1Center for Clinical Metabolic Research, Gentofte Hospital, Hellerup, 
Denmark, 2Department of Medicine, Zealand University Hospital, 
Køge, Denmark, 3Department of Biomedical Sciences, University of 
Copenhagen, Hellerup, Denmark, 4Clinical Research, Steno Diabetes 
Center Copenhagen, Herlev, Denmark.

Background and aims: Post-bariatric hypoglycaemia affects more than 
50% of Roux-en-Y gastric bypass-operated individuals. Despite the some-
times debilitating nature of this complication, existing treatment options 
are limited and often inefficient. Dasiglucagon is a stable glucagon ana-
logue available in a ready-to-use formulation and was recently shown to 
effectively mitigate post-bariatric hypoglycaemia in an experimental setting.
Materials and methods: We conducted a randomised, double-blind, 
placebo-controlled, crossover, proof-of-concept study at the Center for 
Clinical Metabolic Research at a University Hospital in Denmark. The 
objective of the study was to investigate the efficacy of dasiglucagon on 
post-bariatric hypoglycaemia. The study included 24 Roux-en-Y gastric 
bypass-operated individuals (23 females) with continuous glucose mon-
itor-verified post-bariatric hypoglycaemia (≥15 minutes, <3.9 mmol/l, 
≥3 times/week) randomly assigned to two four-week treatment periods 
of self-administered subcutaneously 120 μg dasiglucagon or placebo. 
The primary outcome was continuous glucose monitor-captured per-
centage of time in level 1 hypoglycaemia (<3.9 mmol/l), and secondary 
outcome included percentages of time in level 2 hypoglycaemia (<3.0 
mmol/l). All analyses were performed according to the intention-to-
treat principle.
Results: Between August 18, 2021, and May 25, 2022, 91 individuals 
were assessed for eligibility, and subsequently, 24 individuals with 
recurrent post-bariatric hypoglycaemia were included. One participant 
was discontinued from trial participation; thus, data from 23 partici-
pants were included in the analysis. Compared with placebo, treatment 
with dasiglucagon significantly reduced time in level 1 hypoglycaemia 
by 33% (−1.2%-points; 95% CI −2.0 to −0.5, P=0.002) and time in 
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level 2 hypoglycaemia by 54% (−0.4%-points; 95% CI −0.6 to −0.2, 
P<0.0001). Dasiglucagon was well tolerated, with few adverse events 
(mostly moderate nausea).
Conclusion: Compared with placebo, four weeks of self-administered 
dasiglucagon effectively reduced clinically relevant hypoglycaemia 
in Roux-en-Y gastric bypass-operated individuals. Further studies 
verifying these findings and establishing the safety of dasiglucagon 
in post-bariatric hypoglycaemia are warranted.

Clinical Trial Registration Number: EudraCT no: 2020-005241-16
Supported by: This investigator-initiated trial was supported by an 
unrestricted grant from Zealand Pharma A/S, who also supplied trial 
product.
Disclosure: C. Nielsen: None.

746
Updated frequency of hypoglycaemic coma in children with type 
1 diabetes: single centre observation over 25 years
B. Mianowska1, O.  Kowalczyk1, K. Trzepińska1, J.  Wykrota2, J. 
 Chrzanowski2, W.  Fendler2, I.  Pietrzak1, A.  Szadkowska1;
1Dept. of Pediatrics, Diabetology, Endocrinology and Nephrology, 
Medical University of Lodz, Lodz, Poland, 2Department of Biostatistics 
and Translational Medicine, Medical University of Lodz, Lodz, Poland.

Background and aims: Hypoglycemic coma (HC) is an unequivo-
cally significant clinical outcome and survey of its occurrence is a 
crucial element of evaluation of glycemic control in patients with type 
1 diabetes (T1D). As detailed numbers of the current HC incidence 
in pediatric populations are lacking, the aim of this study was to 
assess the frequency of HC in recent years and to compare it to values 
obtained in two previous analyses in which the same methodology 
was used.
Materials and methods: This was a questionnaire based retrospective 
study conducted April 2021-December 2021. Parents of patients aged 

2-18.5 years (with over 1 month T1D duration) answered structured 
questions regarding the occurrence of HC in their children over the 
previous 36 months (April 2018-December 2021). HC was defined as 
a subgroup of severe hypoglycemia (SH, i.e. of events associated with 
severe cognitive impairment requiring assistance by another person 
to administer oral or parenteral therapy) and were described as events 
associated with seizure or loss of consciousness requiring parenteral 
therapy. To compare the incidence currently and in the past, the con-
fidence intervals for the Poisson distribution of the incidence rate of 
HC per 100 patients per year were compared.
Results: 316 questionnaires were collected, 13 patients were 
excluded due to not meeting the inclusion criteria. Final analyses 
included 303 patients (157 males) with median (Me [Q25-Q75]) 
age 12.8 years [9.8-15.2], DM1 duration 4.7 years [2.3-7.0], pre-
sent HbA1c 52 mmol/mol [48-61] (6.9% [6.5-7.7]), 36-months 
average HbA1c 56 mmol/mol [50-65] (7.3% [6.7-8.1]); at the 
time of questionnaire 289 (95%) were treated with insulin pumps 
and 255 (84%) used continuous glucose monitoring (CGM, real-
time or intermittently scanned). There were 766.4 patient-years 
of “observation”. Over the analysed period 80 SH were reported 
(for 55 patients) of which 20 (in 17 patients) were HC. The cur-
rent incidence of HC was 2.61 episodes per 100 patients per year 
(affecting on average 2.2% of patients every year). Results of the 
present assessment were compared with historical analyses con-
ducted in our centre in which similar questionnaires were used: 
for 1996-1999 (HC incidence 14.2 per 100 patients per year, N = 
243, HbA1c 65 mmol/mol (8.1%), all patients injected insulin with 
insulin pens) and 2011-2014 (HC incidence 6.4 per 100 patients 
per year, N = 262, HbA1c 57 mmol/mol (7.33%), 66% of patients 
used insulin pumps). Multiple comparisons showed that the inci-
dence of HC in the three periods were significantly different from 
each other: 2018-2021 (95% CV 0.0159 to 0.0403) vs 2011-2014 
(95% CV 0.0459 to 0.0875), p = 0.0007; 2018-2021 vs 1996-1999 
(95% CV 0.1127 to 0.1769), p < 0.0001; 2011-2014 vs 1996-1999 
p < 0.0001.
Conclusion: Hypoglycemic coma incidence significantly decreased 
over the last 25 years which may be due to broader access to and 
improvements in diabetes technologies, i.e. wider use of insulin 
pumps and introduction of CGM systems.
Disclosure: B. Mianowska: None.

747
Metabolic emergencies in type 1 and type 2 diabetes presenting 
to a hospital emergency department: frequencies, co-morbidities 
and mortality outcomes
S.H. Song1, B.M.  Frier2;
1Sheffield Teaching Hospitals NHS Foundation Trust, Sheffield, UK, 
2The Queen’s Medical Research Institute, University of Edinburgh, 
Edinburgh, UK.

Background and aims: Severe hypoglycaemia (SH) and diabetic 
ketoacidosis (DKA) are common diabetic emergencies presenting to 
hospital emergency departments. Clinical characteristics, associated 
co-morbidities and mortality outcomes of these diabetic complications 
were examined in type 1 (T1D) and type 2 diabetes (T2D), to determine 
whether the prognostic implications differ between these metabolic 
derangements.
Materials and methods: Consecutive attendances of adults with SH and 
DKA to the emergency department (ED), Northern General Hospital, 
Sheffield, UK, between January 2019 and August 2022, were identified. 
Complete collection of these events was ensured by interrogating records 
from several sources - ambulance service, hospital ED, inpatient, diabetes 
and general practice records. Data on diabetes type, co-existing medical 
conditions, socioeconomic deprivation, mortality, and time to death from 
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the index presentation with glycaemic decompensation, were ascertained. 
The co-morbidity burden was quantified by the Charlson index.
Results: A total of 491 episodes of SH (T1D, n=172; T2D, n=216) 
and 123 DKA episodes (T1D, n=82; T2D, n=25, including 8 
patients with a mixed DKA/hyperglycaemic hyperosmolar state) 
presented as emergencies, with mean blood glucose values of 1.7-
2.0 mmol/L (SH) and 30.0-32.0 mmol/L (DKA). While DKA was 
more common in T1D (78.9% of all episodes), SH was equally 
distributed in T1D (49.1%) and T2D (50.9%). People with T2D 
were significantly older (median age: SH; T1D vs T2D, 53 (16-90) 
vs 74 (36-93) years, p<0.005 and DKA: T1D vs T2D, 34 (16-83) 
vs 65 (19-93) years, p<0.005). Socioeconomic deprivation was 
prevalent in those presenting with SH (T1D vs T2D; 36.0% vs 
54.2%, p<0.005) and DKA (T1D vs T2D; 51.2% vs 64.0%, p=NS). 
With these metabolic decompensation states, Charlson index was 
higher in T2D (SH: T1D vs T2D; 4.3±3.2 vs 8.4±3.1, p<0.005 
and DKA: T1D vs T2D; 2.9±2.1 vs 6.6±3.1, p<0.005) indicating 
a greater co-morbidity burden, characterised principally by chronic 
kidney disease (SH: T1D vs T2D; 32.0% vs 63.9%, p<0.005 and 
DKA: T1D vs T2D; 22.0% vs 48.0, p=0.01), macrovascular disease 
(SH: T1D vs T2D; 32.6% vs 66.2%, p<0.005 and DKA: T1D vs 
T2D; 12.2% vs 56.0%, p<0.005), cardiorenal disease (SH: T1D 
vs T2D; 41.9% vs 82.4%, p<0.005 and DKA: T1D vs T2D; 23.2% 
vs 68.0%, p<0.005) and heart failure (SH: T1D vs T2D; 12.2% vs 
32.9%, p<0.005 and DKA: T1D vs T2D; 4.9% vs 36.0%, p<0.005). 
Mental illness was prevalent in both types of diabetes (SH: T1D 
vs T2D; 46.5% vs 35.2%, p<0.05 and DKA: T1D vs T2D; 51.2% 
vs 40.0%, p=NS). All DKA cases were hospitalised; the frequency 
was lower (60-75%) for SH. Median length of inpatient stay was 
longer in T2D (SH: T1D vs T2D; 2 vs 5 days and DKA: T1D vs 
T2D; 3 vs 7 days). Overall mortality during the study period was 
significantly higher in T2D (SH: T1D vs T2D; 12.8% vs 38.0%, 
p<0.005 and DKA: T1D vs T2D; 11.0% vs 32.0%, p=0.01) with a 
shorter median time to death (SH: T1D vs T2D; 465 vs 113 days, 
p<0.005 and DKA: T1D vs T2D; 239 vs 8 days, p=0.03).
Conclusion: SH is a more common diabetic emergency (4-fold 
higher) than DKA, when these glycaemic perturbations present to 
a hospital emergency department. In T2D, both types of metabolic 
decompensation were associated with a high co-morbidity burden 
and mortality, indicating that both extremes of metabolic derange-
ment are life-threatening, and are indicators of poor prognosis in 
type 2 diabetes.
Disclosure: S.H. Song: None.

748
Similar hypoglycaemia duration with once-weekly icodec versus 
degludec or glargine U100 in insulin-treated type 2 diabetes: a 
post hoc CGM analysis from ONWARDS 2 and 4
T. Battelino1, B. Ásbjörnsdóttir2, L.  Carstensen2, L.L.  Lehrskov2, 
C.  Mathieu3, A. Philis-Tsimikas4, H.S.  Bajaj5;
1University Medical Center Ljubljana, Faculty of Medicine, Uni-
versity of Ljubljana, Ljubljana, Slovenia, 2Novo Nordisk A/S, 
Søborg, Denmark, 3Clinical and Experimental Endocrinology, Uni-
versity of Leuven, Leuven, Belgium, 4Scripps Whittier Diabetes 
Institute, San Diego, CA, USA, 5LMC Diabetes and Endocrinology, 
Brampton, ON, Canada.

Background and aims: Once-weekly (OW) icodec is a basal insulin in 
development. Hypoglycaemia duration during the switch (weeks 0-4) 
and steady state (weeks 22-26) periods of two phase 3, randomised, 
treat-to-target trials in type 2 diabetes (T2D) was investigated, using 
double-blinded Dexcom G6® continuous glucose monitoring (CGM).
Materials and methods: Insulin-treated individuals were randomised 
to OW icodec or once-daily (OD) degludec (ONWARDS 2), or OW 

icodec or OD glargine U100 with mealtime insulin aspart (ONWARDS 
4). When switching, a one-time only additional 50% icodec dose was 
administered. Basal insulins were titrated weekly. Median hypogly-
caemia <3.9 mmol/L duration for episodes lasting ≥15 minutes and 
the proportion of such episodes spent <3.0 mmol/L were assessed.
Results: Median duration of hypoglycaemia <3.9 mmol/L was sim-
ilar between icodec and comparators during switch and at steady 
state (Figure), with no apparent clustering in either time-period. At 
steady state (icodec/degludec and icodec/glargine U100), of the epi-
sodes <3.9 mmol/L, 68.2/63.5% and 60.9/60.6% spent no time <3.0 
mmol/L; 21.8/26.4% and 28.1/28.2% included episodes <3.0 mmol/L 
for ≥15 minutes; and 10.0/10.1% and 11.0/11.3% included episodes 
<3.0 mmol/L for <15 minutes, respectively.
Conclusion: In insulin-treated T2D, the duration of hypoglycaemic 
episodes <3.9 mmol/L was similar, with no apparent clustering, dur-
ing switch and at steady state for OW icodec versus OD degludec or 
glargine U100. These CGM findings imply that, when treated with 
insulin icodec that has a half-life of approximately 1 week, the dura-
tion of hypoglycaemia is not prolonged compared with OD degludec 
or glargine U100, with all medians ≤40 minutes.

Clinical Trial Registration Number: NCT04770532 (ONWARDS 2); 
NCT04880850 (ONWARDS 4)
Supported by: The study was funded by Novo Nordisk A/S.
Disclosure: T. Battelino: Employment/Consultancy; Novo Nordisk, 
Sanofi, Eli Lilly, Boehringer Ingelheim, Medtronic, Indigo Diabetes. 
Grants; Abbott, Medtronic, Novo Nordisk, Sanofi, Novartis, Sandoz, 
Zealand Pharma, Slovenian Research Agency, the National Institutes 
of Health, European Union. Honorarium; Eli Lilly, Novo Nordisk, 
Medtronic, Abbott, Sanofi, Aventis, AstraZeneca, Roche.

749
Studying the Impact of nasal glucagon on real-Life Experiences 
of Severe hypoglycemia Treatment (SIMPLEST) in the German 
population
A. Holstein1, B.  Mitchell2, E.  Moennig3, S.  Odak4, D.  McSorley4, 
E.  Spaepen5, L.  Jackson4, L.  Zografos4, Y.  Yan2, A. Ponce-Ibarra3;
1Klinikum Lippe Detmold Hospital, Detmold, Germany, 2Eli Lilly 
& Company, IN, IN, USA, 3Lilly Deutschland GmbH, Bad Hom-
burg, Germany, 4RTI Health Solutions, NC, NC, USA, 5HaaPACS, 
Schriesheim, Germany.

Background and aims: Severe hypoglycemia (SH) is feared by 
people with diabetes (PwD) and their caregivers in everyday life. 
Current study provides insight into the real-world experience of 
PwD and healthcare professionals (HCPs) with ready-to-use nasal 
glucagon (NG).
Materials and methods: An observational, cross-sectional, web-based 
study was conducted in US and Germany among i) insulin-treated 
adults who owned NG for at least 2 months before study initiation, 
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and ii) HCPs who prescribed NG within 6 months of study initiation. 
The primary objectives for PwD evaluated satisfaction with NG and 
measured the impact of NG on SH-related quality of life (QoL) since 
owning NG. The primary objective for HCPs evaluated HCP´s experi-
ence with NG. Data were analysed descriptively, and German results 
are presented.
Results: A total of 153 PwD were surveyed, of which 119 had been 
treated with NG. Overall, 127 PwD currently or previously owned 
GlucaGen Hypokit, of which 77 used it to treat SH. Most PwDs 
(94.1%) were 25-54 years old, 72.5% were male, and 45.1% had 
obtained a college or university degree. Prevalence of impaired hypo-
glycemia awareness was high (49.7%). Among 153 PwD, 98 (64.1%) 
ever experienced an SH event. The most recent SH event in 55 of 98 
PwD were treated with glucagon, of which 53 were treated with NG. 
Six of 98 PwD were taken to the hospital and 3 stayed overnight. Of 
the reported reasons not requiring hospitalizations, majority (64.1%) 
felt better. Overall, 73%-86% PwD totally or somewhat agreed that 
NG improved behavioural, psychological, and social aspects of QoL 
related to SH. Compared to the time before NG, PwD using NG had 
greater confidence that caregivers could help them recover during 
night time, were more comfortable engaging in physical activities, 
had a safety net for social activities, had less persistent anxiety about 
SH, and had a sense of security managing SH. Data on PwD satis-
faction with NG is presented in Figure 1. Overall, 48 HCPs (endo-
crinologists [12.5%] and diabetologists [70.8%]) were surveyed, of 
which 56.3%, 31.3%, and 12.5% HCPs indicated that they or their 
staff take approximately 5, 10, or ≥15 minutes to train patients and 
their caregivers on how to use NG, respectively, and 88.6% HCPs 
were satisfied or very satisfied with the amount of time taken for 
training. The most common reasons to prescribe NG were type 2 
diabetes with risk of hypoglycemia (62.5%), type 1 diabetes (62.5%), 
high glucose variability (58.3%), or history of SH (56.3%). Overall, 
89.6% of the HCPs were satisfied or very satisfied that NG met their 
PwD needs, with none being dissatisfied.
Conclusion: Evaluation of risk of SH is an important factor for pre-
scribing NG. The overall satisfaction with NG and the positive impact 
on QoL suggest that NG could improve PwD’s everyday life related 
to SH management.

Supported by: Eli Lilly & Company
Disclosure: A. Holstein: None.

750
Food insecurity doubles the rate of severe hypoglycaemia in 
adults with diabetes: real-world results from the iNPHORM 
study (United States)
A. Ratzki-Leewing, J.E. Black, B.L. Ryan, G. Zou, S.B. Harris;
Western University, London, ON, Canada.

Background and aims: Food insecurity is a salient social deter-
minant of health, however, real-world, population-based research 
assessing its effect on Level 3 hypoglycemia rates has been limited. 
Addressing this gap, we analyzed data from the 1-year, prospective 
iNPHORM study (United States [US], 2020-2021).
Materials and methods: iNPHORM participants (18-90 years old) 
with type 1 diabetes mellitus (T1DM) or insulin- and/or secretagogue-
treated type 2 diabetes mellitus (T2DM) were recruited from a national 
probability-based internet panel. A screener, baseline, and 12 monthly 
prospective follow-ups captured data on respondents’ characteris-
tics and hypoglycemia frequencies. Among complete cases with ≥1 
follow-up(s), we performed multivariable negative binomial regres-
sion to assess the adjusted effect of food insecurity on the annualized, 
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prospective rate of Level 3 hypoglycemia; follow-up duration was 
included as an offset. Food insecurity was measured at baseline using 
a validated screening question (Within the past 12 months, did you ever 
cut the size of your meals or skip meals because there was not enough 
money for food?). Confounding variables (age, annual gross household 
income, insurance coverage, living arrangement, and diabetes type) 
were identified from a directed acyclic graph.
Results: N=1,001 participants were analyzed (T1DM: 16.1%; male: 
49.6%; age: 51.1 [SD: 14.3] years old; median T1DM/T2DM dura-
tion: 12 [IQR: 15] years). All respondents with T1DM used insulin, 
as did 61% with T2DM (37.6% and 23%, with and without secreta-
gogues, respectively); 39.3% reported taking secretagogues without 
insulin. Overall, approximately one in five people reported experienc-
ing food insecurity (T1DM: 18.6%; T2DM: 20.4%). For these indi-
viduals, the incidence proportion (IP) and rate (IR) of Level 3 hypo-
glycemia was 65.7% and 20.6 events per person-year, respectively. 
By comparison, people not exposed to food insecurity reported an 
event IP of 43.8% and an IR of 5.2 events per person-year. Controlling 
for confounding, people experiencing versus not experiencing food 
insecurity had twice the annualized number of Level 3 hypoglycemia 
events (2.2 [95% CI: 1.53-3.19], p<0.001).
Conclusion: Reliable access to food is a critical and markedly endur-
ing safety issue for people with diabetes. This is the first community-
based, prospective investigation to quantify the impact of food inse-
curity in a US-wide cohort of adults with either T1DM or T2DM. 
Our results revealed an alarmingly high prevalence of food insecurity 
(20%), which more than doubled the rate of Level 3 hypoglycemia. 
We recommend clinicians use our screening question and exercise 
vigilance when managing individuals with food insecurity prescribed 
insulin or secretagogues. Structural strategies to secure affordable 
food opportunities are, moreover, necessary to mitigate social and 
consequent health disparities existent across the diverse US popula-
tion with diabetes.
Clinical Trial Registration Number: NCT04219514
Supported by: This research was funded through an investigator-
initiated grant from Sanofi Global.
Disclosure: A. Ratzki-Leewing: Grants; Sanofi Global. Honorarium; 
Sanofi Global, Eli Lilly, Novo Nordisk.
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751
Health outcomes and attribute satisfaction for automated insulin 
delivery systems in six European countries
T. Bell, E. Lin, E. Cox, T. Bristow, R. Wood;
dQ&A, San Francisco, CA, USA.

Background and aims: Automated insulin delivery (AID) systems are on 
the rise in diabetes technology markets across the world. Given the recent 
launch of several systems, limited data exists on user satisfaction with spe-
cific AID aspects and the impact of usage on health outcomes. The goals of 
the present study are to compare diabetes outcomes among AID users and 
non-users and examine satisfaction with common features of AID systems.
Materials and methods: From October-November 2022, 2,535 adults 
living with type 1 diabetes in France, Germany, Italy, Netherlands, Swe-
den, and United Kingdom took an online survey in which they reported 
their diabetes technology and therapy usage. Those on rapid-acting 
insulin therapy (n=2,519) indicated their insulin delivery method, and 
those on pump therapy (n=1,588) indicated their AID use. AID users 
reported their satisfaction with the attributes of their respective systems 
(n=784). Satisfaction scores were calculated as the proportion of users 
selecting 9 or 10 on a 10-point scale. Responses were analyzed using 
two-proportion z-tests and reported at the 95% confidence level.
Results: AID users report better health outcomes than non-users. Those 
on AID experience greater time in range above 70% (percent of time 
spent with blood glucose within 70-180 mg/dL) than non-AID pump 
users (65% vs. 44%, p<0.001) and those on multiple daily injections 
(MDI) (65% vs. 38%, p<0.001). Further, a larger proportion of AID 
users report lower A1c levels (≤ 7%) than non-AID pump users (68% 
vs. 52%, p<0.001) and MDI users (68% vs. 51%, p<0.001). Those on 
AID are most satisfied with its ease of use (55%), sleep setting (if avail-
able) (54%), automated basal adjustments (52%), and visual depiction 
of glucose sensor data on their pump screen (51%). AID users are least 
satisfied with the exercise activity setting (if available) (27%).
Conclusion: Improved health metrics among AID users spotlight 
integrated systems as a promising area for future diabetes technol-
ogy development. With highest AID feature satisfaction only slightly 
above 50%, these findings reveal ample opportunity for improvement 
and the need for further research into AID systems.
Disclosure: T. Bell: Employment/Consultancy; Authors are employ-
ees of dQ&A, a company that provides research services for a fee to 
several clients (>10) in the diabetes field.

752
Patient reported outcome measures after six months of hybrid 
closed loop therapy
M. Cegarra Baños, N. Ruano Esteban, N. Balsells Bailon, E. Garcia 
Aguilera, A. Arqué Badia, A. Pomés Aixut, M. Mateu Amorós, L. Cap-
devila Torrents, A. Lecube Torelló, M. Hernández García, F. Rius Riu;
Endocrinologia i Nutrició, Hospital Universitari Arnau de Vilanova 
de Lleida, Lleida, Spain.

Background and aims: The use of hybrid closed loop systems in the 
treatment of type 1 diabetes improves glycaemic control, but there 
are few data about the impact of these systems in patient reported 
outcome measures (PROMs) in real life. We designed this real world 
prospective study to assess the effect of this kind of treatment in qual-
ity of life, quality of sleep and treatment satisfaction.
Materials and methods: All 84 patients (53 women, 63.1%) from our 
unit starting treatment with a hybrid closed loop system (27 Medtronic 
Minimed 780G, 38 Tandem t:slim X2 with Control IQ system and 19 
Roche Accu-chek Insight with Diabeloop algorithm) between November 
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2021 and May 2022 that gave us informed consent were included. All 
of them were using a glucose monitoring device at baseline, 59 (70.2%) 
were already on a pump and 25 (29.8%) on conventional subcutaneous 
insulin. We collected glucose control parameters from the 14 days before 
the visits from the web platforms used by each device. We measured 
PROMs with several questionnaires: ViDa1 for quality of life, Pittsburgh 
for quality of sleep, and DTQS for change in treatment satisfaction.
Results: We collected data after 6 months from 81 patients. There was a 
significant improvement in HbA1c (7.3 ± 0.9% vs 6.8 ± 0.7%, p < 0.001), 
glucose management index (7.2 ± 0.7% vs 6.9 ± 0.5%, p < 0.001), time in 
range (64 ± 16.3% vs 75.1 ± 12%, p < 0.001), time in hypoglycaemia 55-70 
mg/dl (2.9 ± 2.3% vs 1.5 ± 1.1%, p <0.001), time in hyperglycaemia 180-
250 mg/dl (22.3 ± 8.1% vs 17.4 ± 8%, p < 0.001), time in hyperglycaemia 
> 250 mg/dl (10.5 ± 10.4% vs 5.87 ± 7.2%, p < 0.001) and coefficient of 
variation (36.9 ± 6.5% vs 32.7 ± 6%, p < 0.001). The improvement in time 
in hypoglycaemia < 54 mg/dl did not reach statistical significance (0.57 ± 
0.81 vs 0.37 ± 0.46, p = 0.07). The total scores in ViDa1 (105.7 ± 12 vs 104 
± 16.6, p = 0.4) and Pittsburgh (5.73 ± 3 vs 5.5 ± 3.5, p = 0.6) question-
naires did not change. There was an improvement in the ViDa1 self-care 
area (39.1 ± 9 vs 42.1 ± 7.8, p = 0.01) and a tendency in the disease concern 
area (18.9 ± 9.7 vs 16.7 ± 4.5, p=0.06). The patients with poor baseline 
sleep quality, defined as a Pittsburgh score > 5, had a significant improve-
ment in this questionnaire (8.1 ± 2.5 vs 6.7 ± 3.4, p = 0.03) while there was 
no change in those with good baseline sleep quality, Pittsburgh score ≤ 5 
(3.6 ± 1.3 vs 4.4 ± 3.2, p = 0.1). The DTQS score for change in treatment 
satisfaction showed a highly significant result (14.3 ± 4.16, p < 0.001).
Conclusion: In this real life study, we show that treatment with a 
hybrid closed loop system is, as expected, effective in improving 
glycaemic control in our patients. This treatment also leads to an 
improvement in different PROMs. We think that aspects beyond 
the glucose control should be taken into account when deciding to 
start with a hybrid closed loop system. Likewise, they should be 
considered as important endpoints when evaluating its benefits.

Disclosure: M. Cegarra Baños: None.

753
Improvements in treatment satisfaction with Omnipod Dash 
insulin management system are durable over 24 weeks in adults 
with type 1 diabetes
D.N. O’Neal1,2, Y.W.  Kong3, C.Y.  Yuan3, K.  Brown3, K.  Kiburg3, 
S.  Trawley4, A.  Partovi3, R.  Kerryn3, N.  Harrison5, S.  Fourlanos6,1, 
E.  Ekinci1,7;
1Australian Center for Accelerating Diabetes Innovations (ACADI), 
Melbourne, Australia, 2Department of Endocrinology, St Vincent’s 
Hospital Melbourne, Melbourne, Australia, 3Medicine, University 
of Melbourne Department of Medicine, Melbourne, Australia, 
4Cairnmiller Institute, Melbourne, Australia, 5Geelong Endocrinol-
ogy and Diabetes, Geelong, Australia, 6Royal Melbourne Hospital, 
Parkville, Australia, 7Austin Health, Heidelberg, Australia.

Background and aims: The Omnipod DASH® Insulin Management Sys-
tem consists of a tubeless patch pump controlled by a wireless handset. We 

conducted a randomised-control parallel arm trial comparing Omnipod 
DASH® with usual care (multiple daily injections or tubed insulin pumps) 
after 12 weeks in 65 adults with type 1 diabetes using self-monitoring of 
blood glucose. We showed increased treatment satisfaction (change in 
Diabetes Technology Questionnaire current score; ΔDTQ-current) and 
other person-reported outcomes (PROs), including better sleep quality, 
less diabetes distress and fear of hypoglycaemia, with pod therapy. For the 
extension phase of the study, we aimed to compare treatment satisfaction 
with Omnipod DASH® after 12 weeks vs. 24 weeks of use.
Materials and methods: Sixty participants consented to the exten-
sion study. Thirty (of 33 in the intervention arm) previously ran-
domised to receive Omnipod DASH® continued to use the system 
for a further 12 weeks (24 weeks total). Thirty (of 32) previously 
assigned usual care subsequently received Omnipod DASH® for 12 
weeks. Change in treatment satisfaction assessed by ΔDTQ-current 
from baseline to the end of the extension study was the primary out-
come. Differences in other PROs and Glycaemia (HBA1c and masked 
continuous glucose monitoring [CGM]) were also assessed with com-
parisons between 12 and 24 weeks of Omnipod DASH® use.
Results: Baseline characteristics (Mean [SD]) for those using Omnipod 
DASH® for 24 and 12 weeks were similar respectively for age (40.8 
[12.8]Y vs. 43.3 [13.7]Y), sex (63.3% n=41 female vs. 63.3% n=41 
female), and baseline insulin delivery mode (40% vs. 37% on tubed 
pump) and  HbA1c (58.9 [11.4]mmol/mol vs. 58.7 [11.4]mmol/mol). 
Treatment satisfaction improved within each study arm (DTQ-current) 
from baseline to the end of the extension phase with both 24 weeks (90.4 
[21.2] to 106.5 [19.5]; p=0.003) and 12 weeks (100.0 [19.8] to 109.6 
[16.6]; p=0.04) Omnipod DASH® use. Those using Omnipod DASH® 
for 24 weeks and 12 weeks had similar changes in treatment satisfaction 
(ΔDTQ-current), other PROs and  HbA1c. CGM time in range was higher 
for those using Omnipod DASH® for 24 weeks. (Table 1).
Conclusion: Improvements in treatment satisfaction were observed with 
both 24 and 12 weeks Omnipod DASH® use. These improvements, 
alongside other PROs, did not differ, indicating durability of benefit. At 
24 weeks there were greater improvements in CGM time in range sug-
gesting ongoing improvements in glycaemia with extended use.

Clinical Trial Registration Number: ACTRN12621001195842
Supported by: The study was supported by a grant provided by Insulet
Disclosure: D.N. O’Neal: Grants; Insulet.
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Clinical outcomes associated with Omnipod DASH use in the real-
world: results from the Association of British Clinical Diabetolo-
gists (ABCD) Omnipod Worldwide Audit
N. Hasan1, T.S.J.  Crabtree1,2, M.  Haq3, E.  Gatdula4, R.E.J.  Ryder5, 
A.  Lumb6, P.  Choudhary7,8, E.G.  Wilmot1,2;
1Diabetes & Endocrinology, Royal Derby Hospital, University Hospitals 
of Derby and Burton NHS Trust, UK, Derby, UK, 2University of Notting-
ham, Derby, UK, 3Diabetes & Endocrinology, Maidstone & Tunbridge 
Wells NHS Trust, Tunbridge Wells, UK, 4Diabetes & Endocrinology, 
Llandough Hospital, Llandough, UK, 5Diabetes & Endocrinology, 
Sandwell & West Birmingham Hospitals NHS Trust, Birmingham, UK, 
6Diabetes & Endocrinology, Oxford University Hospitals NHS Trust, 
Oxford, UK, 7Leicester Diabetes Centre, University Hospitals of Leices-
ter NHS Trust, Leicester, UK, 8University of Leicester, Leicester, UK.

Background and aims: The ABCD Omnipod® Worldwide Audit 
launched in 2021 with the aim of capturing routine clinical outcomes 
from users in the real-world. This analysis reports glucose outcomes, 
user opinion and discontinuations amongst individuals starting on 
Omnipod DASH® Insulin Management System.
Materials and methods: Changes in key parameters were assessed 
using linear regression analysis to correct for change in covariates, 
including: HbA1c, number of paramedic callouts, number of hospi-
tal admissions and severe hypoglycaemia rates. User opinion of the 
Omnipod DASH system was sought and recorded on a Likert scale; 
numbers discontinuing DASH and reasons for this were captured.
Results: Over a median follow-up of 2.5years (IQR 1.4-3) we included 
300 individuals with baseline mean±SD HbA1c 65.1±15.1mmol/
mol; age 35.9±16.5years; diabetes duration 21.9±14.3years; 37.3% 
(n=112/300) were new to pump therapy. Across the whole population 
HbA1c reduced by 3.2mmol/mol (95%CI 1.6, 4.9; P<0.001). Stratified 
by previous therapy, HbA1c changes were -5.9mmol/mol in the “new to 
pump” group (95%CI -3.5, -8.2; P<0.001) and -0.9mmol/mol in those 
already using pump prior to Omnipod (95CI% -3.2, +1.3; P=0.41). 
There was no change in hospital admission rates, paramedic callout rates 
or severe hypoglycaemia rates. Of those asked, 105/109 (96.3%) stated 
Omnipod DASH had improved their quality of life and 103/107 (97.2%) 
would recommend the system to others. 4.3% of people (13/300) discon-
tinued Omnipod DASH. Reasons included: site issues (2/13), recurrent 
pod failures (2/13) and switching system to facilitate closed-loop (7/13).
Conclusion: Omnipod DASH is associated with improvements in 
HbA1c in the real world. HbA1c reductions are larger in those new 
to pump therapy. Users reported improvements in quality of life, most 
discontinuations were to facilitate access to a commercial closed-loop 
automated insulin delivery.
Supported by: ABCD
Disclosure: N. Hasan: None.

755
Automated insulin delivery use in adults with type 1 diabetes not 
meeting glycaemic targets despite treatment with insulin pump 
and CGM: a randomised controlled trial
M.B. Christensen1, A.G.  Ranjan1, K.  Rytter1, O.M.  McCarthy1,2, S. 
 Schmidt1, K. Nørgaard1,3;
1Copenhagen University Hospital - Steno Diabetes Center Copen-
hagen, Herlev, Denmark, 2Applied Sport, Technology, Exercise and 
Medicine Research Centre, Swansea University, UK, 3Department of 
Clinical Medicine, Faculty of Health and Medical science, University 
of Copenhagen, Copenhagen, Denmark.

Background and aims: Achieving glycemic targets can be chal-
lenging, even with insulin pump and continuous glucose monitoring 

(CGM). Automated insulin delivery (AID) systems may improve 
glycemic control, but there is limited data from randomized trials 
evaluating the  MiniMedTM 780G system in a type 1 diabetes (T1D) 
population with HbA1c above target levels despite treatment with 
insulin pump and CGM. We aimed to test the effects of this AID sys-
tem in adults with T1D already treated with insulin pump and CGM/
isCGM and HbA1c ≥58 mmol/mol (7.5%).
Materials and methods: In an open-labeled, randomized controlled 
trial, 40 participants were allocated 1:1 to 14 weeks of treatment 
with the  MiniMedTM 780G system (AID) or continuation of their 
usual care (UC). The primary endpoint was difference between the 
two groups in change in time in range (TIR: 3.9-10.0 mmol/L) from 
baseline to Week 14 assessed by 2 weeks of CGM data.
Results: Baseline characteristics of the participants were (mean ±SD) 
age 52±11 years, HbA1c 67±7 mmol/mol (8.3±0.6%), diabetes dura-
tion 29±13 years. After 14 weeks, TIR increased by 18.7±8.4% in 
the AID group and remained unchanged in the UC group (between-
group difference, P<0.001, Table). Notably, TIR≥70% was achieved 
by 80% of participants in the AID group and only by 10% in the UC 
group (P<0.001). During sleep (12 AM - 6 AM) TIR in the AID group 
increased by 25.2±13.3% (from 60.8% to 86.0%, P<0.001) while there 
was no significant change in the UC group (from 58.6% to 54.8%, 
P=0.45). Time below range (TBR: <3.9 mmol/L) decreased in both 
groups without any between-group difference. HbA1c decreased from 
67 to 57 mmol/mol (8.3 to 7.3%, P<0.001) in the AID group and from 
68 to 67 mmol/mol (8.3 to 8.3%, P=0.71) in the UC group (between-
group difference P<0.001). No between-group differences were seen 
in change in bodyweight or total daily insulin dose. There were no epi-
sodes of severe hypoglycemia or diabetic ketoacidosis during the study.
Conclusion: In adults with T1D not meeting glycemic targets despite 
use of insulin pump and CGM, switching to an AID system confers 
considerable glycemic benefits.

Clinical Trial Registration Number: NCT04914910
Supported by: Unrestricted grant from Medtronic
Disclosure: M.B. Christensen: None.

756
Efficacy of open-source automated insulin delivery systems com-
pared with commercial hybrid closed-loop insulin pumps: real-
world data from a tertiary center
L. Horváth, M. Mráz, J. Kloučková, D. Vávra, R. Bém, M. Haluzík;
Institut Klinické a Experimentální Medicíny (IKEM), Prague, Czech 
Republic.

Background and aims: Open-source automated insulin delivery (osAID) 
platforms emerged in response to prolonged development and certification 
of commercial closed loop systems and, to a knowledgeable and dedicated 
user, they offer excellent customizability enabling to more precisely tailor 
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insulin delivery to individual needs and preferences. However, as these 
systems did not undergo formal testing in larger randomized controlled 
trials, data on their performance are scarce. The aim of our study was to 
compare the efficacy of open-source AID systems with the current main-
stay of commercial hybrid closed loop (HCL) systems.
Materials and methods: Seventeen subjects with type 1 diabetes mel-
litus (T1DM) using an open-source AID system and 3 equally sized 
groups on commercial HCL pumps (Medtronic 780G with Smart-
Guard, Tandem t:slim with ControlIQ and YpsoPump with CamAPS 
FX) matched according to age and diabetes duration were selected from 
the outpatient department of a tertiary diabetes care center. Evaluated 
parameters included  HbA1C, average sensor glucose and its standard 
deviation (SD), time spent in (TIR), above (TAR) and below (TBR) 
the designated target range of 3.9-10 mmol/l and daily insulin dose.
Results: Compared with all 3 commercial HCL systems subjects on 
open-source AIDs had significantly lower  HbA1c (46 vs. 55 vs. 53 
vs. 60 mmol/mol for osAID vs. 780G vs. ControlIQ vs. CamAPS, 
p=0.003), average sensor glucose (7.0 ± 0.7 vs. 8.4 ± 1.8 vs. 8.6 ± 
1.2 vs. 8.3 ± 1.2 mmol/l, p<0.001) and SD (2.1 ± 0.6 vs. 2.7 ± 1.3 
vs. 2.8 ± 1.5 vs. 3.0 ± 0.8, p=0.004). Also, TIR was increased (84 
vs. 78 vs. 77 vs. 72% for osAID vs. 780G vs. ControlIQ vs. CamAPS, 
p=0.004) and TAR decreased (12 vs. 20 vs. 22 vs. 20%, p=0.001) in 
osAID relative to HCL groups, while TBR was the lowest in 780G 
and ControlIQ subjects (3 vs. 1 vs. 1 vs. 4% for osAID vs. 780G vs. 
ControlIQ vs. CamAPS, p=0.011). In contrast, daily doses of total, 
basal and bolus insulin did not differ between the groups (46.1 ± 26.7 
vs. 48.6 ± 20.6 vs. 49.0 ± 15.7 vs. 41.2 ± 15.7 IU/day for osAID vs. 
780G vs. ControlIQ vs. CamAPS, p=0.656).
Conclusion: In our study group of subjects from a tertiary diabetes 
care center open-source automated insulin delivery systems showed 
superior performance to commercial HCL systems in almost all 
parameters of glucose control. Apart from technical differences 
in the applied algorithms, these results might be at least par-
tially attributed to the higher level of engagement and knowledge 
required to successfully use an open-source AID system.
Supported by: Supported by the project CarDia (Programme 
EXCELES, Project No. LX22NPO5104) - Funded by the European 
Union - Next Generation EU
Disclosure: L. Horváth: None.

757
Fully closed-loop with ultra-rapid insulin lispro improves gly-
caemic control compared to pump therapy with CGM in adults 
with type 1 diabetes: a randomised crossover study
C.K. Boughton1,2, R.  Lakshman1, S.  Hartnell2, M.  Nwokolo1, J. 
 Ware1,3, J.M.  Allen1,3, M.E.  Wilinska1, M.L.  Evans1,2, R.  Hovorka1;
1University of Cambridge, Cambridge, UK, 2Wolfson Diabetes and 
Endocrine Clinic, Cambridge University Hospitals NHS Founda-
tion Trust, Cambridge, UK, 3Department of Paediatrics, University 
of Cambridge, Cambridge, UK.

Background and aims: Hybrid closed-loop insulin delivery sys-
tems improve glucose control but still require significant user input. 
This study aimed to evaluate the safety and efficacy of a fully auto-
mated closed-loop system (no bolusing) with ultra-rapid insulin 
lispro compared to standard pump therapy with CGM in adults with 
type 1 diabetes and sub-optimal glycaemic control.
Materials and methods: In an open-label, randomised, single-
centre, crossover study, 26 adults with type 1 diabetes using insulin 
pump therapy and with sub-optimal glycaemic control (mean±SD, 
age 41±12 years, HbA1c 9.2±1.1% [77±12mmol/mol]) underwent 
two 8-week periods of unrestricted living comparing fully closed-
loop (CamAPS HX) with ultra-rapid insulin lispro and insulin 
pump therapy with CGM in random order.

Results: In an intention-to-treat analysis, the proportion of time sen-
sor glucose was in the target range (3.9 to 10.0mmol/L; primary end-
point) was greater during fully closed-loop use compared to pump 
therapy with CGM (mean±SD: 50.0±9.6% vs. 36.2±12.2%; mean 
difference 13.2 percentage points [95%CI 9.5 to 16.9]; p<0.001). 
Time in hyperglycaemia (>10.0mmol/L) was lower with fully closed-
loop compared to pump therapy and CGM (mean±SD: 49.0±9.9% 
vs. 62.9±12.6%; p<0.001), and mean sensor glucose was lower with 
fully closed-loop (mean±SD 10.7±1.1mmol/L) compared to pump 
therapy with CGM (12.0±1.6mmol/L; p<0.001). The proportion of 
time with sensor glucose <3.9mmol/L was similar between interven-
tions (median[IQR] fully closed-loop 0.88% [0.51-1.55] vs. pump 
therapy with CGM 0.64% [0.28-1.10]; p=0.102). HbA1c was lower 
following fully closed-loop compared to pump therapy with CGM 
(mean±SD: 8.2±0.7% [67±8mmol/mol] vs. 8.8±0.8% [72±9mmol/
mol]; p=0.002). There was no difference in total daily insulin dose 
(p=0.704). No severe hypoglycaemia or ketoacidosis occurred.
Conclusion: CamAPS HX fully closed-loop system with ultra-
rapid insulin lispro improved glucose control without increasing 
time in hypoglycaemia compared to standard pump therapy with 
CGM in adults with type 1 diabetes and sub-optimal glycaemic 
control.

Clinical Trial Registration Number: NCT04977908
Supported by: NIHR BRC
Disclosure: C.K. Boughton: Employment/Consultancy; CKB has 
received consultancy fees from CamDiab. Honorarium; CKB has 
received speaker honoraria from Ypsomed.

758
Why CGM alone is not enough: low actionability of CGM alerts 
without considering impact of active insulin
M.B. Smith, G. Im, J. MacLeod, R.A. Vigersky;
Medtronic Diabetes, Northridge, CA, USA.

Background and aims: One of the primary goals of glycemic manage-
ment with insulin therapy is to reduce the amount of time spent above 
target range (>180 mg/dL). Primary reasons why glucose may rise 
above 180 mg/dL are a missed, mis-timed and/or miscalculated insulin 
dose. Whilst CGM systems provide useful data, they fail to differentiate 



S388 Diabetologia (2023) 66 (Suppl 1):S1–S536

1 3

informative alerts (e.g., rise rate and threshold high sensor glucose 
[SG] alerts) from alerts that require insulin as an intervention to address 
a missed dose and/or correction dose opportunity.
Materials and methods: This retrospective cohort analysis was per-
formed to estimate the frequency of CGM alerts that are considered 
actionable by the user. The analysis used the latest 14 days of deidentified 
SG data and insulin data from N=5,153  InPenTM smart insulin pen users 
with sufficient SG data in the 60th-to-90th day period after starting InPen 
use between January 2020 and December 2021. This analysis compared 
the simulated frequency of alerts that a user would receive if they had a 
rise rate alert enabled at 2 mg/dL/min or higher and a threshold high SG 
alert set to 180 mg/dL. A rise rate alert was categorized as actionable 
if the alert came within +/- 1 hour of a potential missed dose event (as 
detected by the InPen Missed Meal Detection algorithm). A threshold 
high SG alert was categorized as actionable if, at the time of the alert, the 
recommended correction dose was at or above the user’s “actionability 
threshold”; as calculated using personalized therapy settings (180 mg/
dL - Glucose Target)/Insulin Sensitivity Factor; minimum of 0.5 units.
Results: An estimated 48.7% of rise rate alerts were associated with 
a potential missed meal dose, resulting in 51.3% of simulated rise rate 
alerts being non-actionable due to no detected missed meal event. An 
estimated 37.8% of threshold high SG alerts were associated with the 
need for a correction dose, resulting in 62.8% of simulated threshold 
high SG alerts being non-actionable due to the actionability threshold 
not being met at the time of the alert. Actionability of alerts increased 
over time to 52.2% when considering repeat high SG alerts that occur 
each hour SG remains elevated above 180 mg/dL and as active insulin 
decreases.
Conclusion: Glucose alerts play an important role in detecting 
missed and miscalculated insulin dose events. However, less than half 
of all initial SG alerts were actionable by the user. Delivering alerts 
without a tool to assess if insulin is needed and how much insulin to 
administer may drive alert fatigue, unclear dosing guidance and risk 
of insulin stacking. Access to a smart insulin pen system, like the 
InPen, that has a dose calculator and real-time active insulin tracking 
may offer CGM users a tool to translate SG alerts into actionable dos-
ing decisions. Future research is needed to minimize non-actionable 
SG alerts combined with dosing guidance.
Disclosure: M.B. Smith: Employment/Consultancy; Medtronic 
Diabetes.

SO 60 How bright is the hybrid?
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A randomised clinical trial comparing the efficacy of a hybrid 
closed-loop automated insulin delivery system with a sensor-
augmented disposable patch pump in type 1 diabetes
J. Kim1, S.-M.  Jin1, E.  Kang2, S.  Kwak3, Y.  Yang4, J.  Yoo5, J.  Bae6, 
J.  Moon7, C.  Jung8, J.  Bae9, S.  Suh9, S.  Moon10, S.  Song11, S.  Chon12, 
J.  Kim1;
1Samsung Medical Center, Sungkyunkwan University School of Medi-
cine, Seoul, Republic of Korea, 2Yonsei University College of Medicine, 
Seoul, Republic of Korea, 3Seoul National University Hospital, Seoul, 
Republic of Korea, 4Seoul St. Mary’s Hospital, College of Medicine, The 
Catholic University of Korea, Seoul, Republic of Korea, 5Yonsei Uni-
versity Wonju College of Medicine, Wonju, Republic of Korea, 6Korea 
University College of Medicine, Seoul, Republic of Korea, 7Yeungnam 
University Medical Center, Yeungnam University College of Medicine, 
Daegu, Republic of Korea, 8Asan Medical Center, University of Ulsan 
College of Medicine, Seoul, Republic of Korea, 9Samsung Changwon 
Hospital, Sungkyunkwan University School of Medicine, Changwon, 
Republic of Korea, 10Kangbuk Samsung Hospital, Sungkyunkwan Uni-
versity School of Medicine, Seoul, Republic of Korea, 11National Health 
Insurance Service Ilsan Hospital, Goyang, Republic of Korea, 12College 
of Medicine, Kyung Hee University, Seoul, Republic of Korea.

Background and aims: This study aimed to compare the efficacy and 
safety of EOPatch X, a hybrid closed-loop automated insulin delivery sys-
tem (HCL AID, based on TypeZero’s inControl closed-loop algorithms), 
with a sensor-augmented tubeless patch pump called EOPatch M.
Materials and methods: In this multicenter, randomized, open, paral-
lel, pivotal clinical trial, adults aged 19-69 years with type 1 diabetes 
were assigned in a 1:1 ratio to receive treatment with EOPatch X (HCL 
AID, intervention group) or EOPatch M (sensor-augmented pump, con-
trol group) for 12 weeks. The primary outcome was the percentage of 
time that the blood glucose level was within 70 to 180 mg/dL (time in 
range (TIR)), as measured by continuous glucose monitoring.
Results: A total of 104 patients underwent randomization (53 to EOPatch 
X and 51 to EOPatch M group), and 97 patients completed the trial, with 
50 in EOPatch X and 47 in EOPatch M group. The median age and gly-
cated hemoglobin of participants were 39 years (interquartile range (IQR), 
31-46) and 6.7% (IQR, 6.1-7.2), respectively. In EOPatch X group, the 
percentage of time spent in the closed-loop mode was 82% (IQR, 75-90). 
After the 12-week trial period, TIR increased more in EOPatch X group 
(from 62.57±16.77% at baseline to 72.03±10.26% at endpoint) than in 
EOPatch M group (from 65.38±16.97% to 67.44±14.60%), with a statisti-
cal significance (p=0.001). Time below range (TBR, <70 mg/dL), time 
above range (TAR, >180 mg/dL), and coefficient of variation (CV) also 
significantly improved more in EOPatch X than in EOPatch M group 
(p<0.001, 0.013, and <0.001, respectively). No serious adverse events 
including diabetic ketoacidosis occurred in either group.
Conclusion: The use of EOPatch X was associated with a greater 
improvement in glycemic profiles, including TIR, TBR, TAR, and 
CV, than the use of EOPatch M.
Supported by: Korea Medical Device Development Fund
Disclosure: J. Kim: None.

760
Hybrid closed-loop with ultra-rapid insulin lispro increases 
time in range compared with standard insulin lispro in adults 
with type 1 diabetes: a randomised crossover study
R. Lakshman1, M.  Nwokolo1,2, C.K.  Boughton1,3, J.  Ware1,4, J.M. 
 Allen1,4, M.E.  Wilinska1,4, H.  Alwan1,5, M.L.  Evans1,3, R.  Hovorka1;
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1Wellcome-MRC Institute of Metabolic Science-Metabolic Research Labora-
tories, University of Cambridge, Cambridge, UK, 2Royal Free London NHS 
Foundation Trust, London, UK, 3Wolfson Diabetes and Endocrine Clinic, 
Cambridge University Hospitals NHS Foundation Trust, Cambridge, UK, 
4Department of Paediatrics, University of Cambridge, Cambridge, UK, 5Insti-
tute of Primary Health Care (BIHAM), University of Bern, Bern, Switzerland.

Background and aims: Faster insulin action has been associated with 
improved glycaemic control during hybrid closed-loop insulin delivery. 
This study aimed to evaluate hybrid closed-loop with ultra-rapid insulin 
lispro compared with standard insulin lispro in adults with type 1 diabetes.
Materials and methods: In a double-blind, randomised, single-centre, 
crossover study, 28 adults with type 1 diabetes using insulin pump therapy 
(mean±SD, age 44±11 years, HbA1c 7.1±0.9% [54±10mmol/mol]) under-
went two 8-week periods comparing hybrid closed-loop with ultra-rapid 
insulin lispro and hybrid closed-loop with standard insulin lispro in random 
order. The CamAPS FX closed-loop system was used in both periods.
Results: In an intention-to-treat analysis, the proportion of time sensor glu-
cose was in the target range (3.9 to 10.0mmol/L; primary endpoint) was 
greater with ultra-rapid insulin lispro compared with standard insulin lispro 
(mean±SD: 78.7±9.8% vs. 76.2±9.6%; mean difference 2.5 percentage 
points [95%CI 0.8 to 4.2]; p=0.005). This was due to a reduction in hypergly-
caemia (>10.0mmol/L) with ultra-rapid insulin lispro compared to standard 
insulin lispro (mean±SD: 19.2±9.9% vs. 21.5±10.1%; p=0.011). Mean sen-
sor glucose was lower with ultra-rapid insulin lispro (mean±SD ultra-rapid 
insulin lispro 7.9±0.8mmol/L vs. standard insulin lispro 8.1±0.9mmol/L; 
p=0.048). The proportion of time with sensor glucose less than 3.9mmol/L 
was similar between interventions (median[IQR] ultra-rapid insulin lispro 
2.3% [1.3-2.7%] vs. standard insulin lispro 2.1% [1.4-3.3%]; p=0.33). There 
was no difference in total daily insulin dose (median[IQR] ultra-rapid insulin 
lispro 41.7 units/day [32.6-54.7] vs. standard insulin lispro 42.8 units/day 
[31.3-53.4]; p=0.50). No severe hypoglycaemia or ketoacidosis occurred.
Conclusion: The use of ultra-rapid insulin lispro in the CamAPS FX 
hybrid closed-loop system increased time in range and reduced mean 
glucose with no difference in time below range compared with standard 
insulin lispro in adults with type 1 diabetes.

Clinical Trial Registration Number: NCT05257460
Supported by: NIHR Cambridge BRC
Disclosure: R. Lakshman: None.

761
Improvement in glucose control after switching to advanced 
hybrid closed-loop: results from a one year real-word study with 
Minimed 780G
F. Turchi, M.P. Luconi, B. Ciappini, N. Giorgini, S. Rosati, L. 
Lanari, E. Tortato;
IRCCS INRCA Ancona, Ancona, Italy.

Background and aims: Advanced hybrid closed-loop (AHCL) systems 
represent the latest paradigm of treatment in type 1 diabetes and some 
clinical studies and real-world analyses showed that are effectiveness in 
improving glucose control. The aim of this retrospective, single-center, 
real-world study was to compare glycemic outcomes evaluated by con-
tinuous glucose monitoring (CGM) metrics and glycated hemoglobin 
(HbA1c) levels before and after the activation of automode in adult 
patients switch to MiniMed 780G from four different insulin strategies.
Materials and methods: A total of 150 patients were included in the 
study and five distinct time periods were considered: baseline (15 days 
prior to automode activation), and 3 - 6 - 9 and 12 months after the 
AHCL activation. Only patients with > 14 days CGM was worn and 
> 70% of time CGM was active were included in the analysis. Mean 
changes for each pairwise period comparison were estimated using lin-
ear mixed models, to account for the within-patient correlation.
Results: Half of the patients were female (48%). Before switching to 
 MiniMedTM 780G, most of the patients used  MiniMedTM 640G (43%) or 
 MiniMedTM 670G (39%), 16% treated with multi dose insulin injection 
(MDI), 2% continuous subcutaneous insulin infusion (CSII) stand alone. The 
mean body max index (BMI) at baseline was 26.1 ± 5.3 (median 25.0, IQR 
22.5-28.5), the mean age was 45,4 ±13.9 years, mean duration of diabetes 
25.4 ± 13.6 years. Cardiovascular diseases, nephropathy, retinopathy and 
neuropathy were present in 15%, 8%, 31% and 36% of the sample, respec-
tively. As shown in table, since the first period of automode use, percentage 
of Time in range (TIR) significantly increased (at 3 months mean change 
= 7.9, 95% CI 5.5; 10.3, p<0.001) and this improvement was maintained 
throughout the observation period (mean change at 6 months = 8.4, 95% 
CI 6.2; 10.5, p<0.001, mean change at 9 months = 8.8, 95% CI 6.9; 10.7, 
p<0.001, mean change at 12 months = 8.9, 95% CI 7.4; 10.4, p<0.001). 
This change reflected the significant decrease of Time above range (TAR); 
both Hyperglycemia Level 1 between 180 and 250 mg/dl and Level 2 above 
250 mg/dl). With respect to Time below range (TBR), baseline percentages 
were very low at baseline and there was no significant difference during the 
study period. The statistical analysis regarding glycemic variability indexes 
are still in progress. HbA1c significantly decreased after automode activation 
from 7.6 ±1% to 7.2 ± 0.7% in all the periods evaluated (mean change at 3 
months = -0.4, 95% CI -0.5; -0.2, p<0.001, at 6 months = -0.4, 95% CI -0.5; 
-0.3, p<0.001, at 12 months = -0.4, 95% CI -0.5; -0.3, p<0.001).
Conclusion: The use of Minimed 780G in patients with type 1 dia-
betes switched from different insulin treatment allowed a rapid, sig-
nificant and persistent in long term improvement in glycemic control.

Disclosure: F. Turchi: None.
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Should people with type 2 diabetes treated by multiple daily injec-
tions with home healthcare daily support be switched to a hybrid 
closed-loop system? The Close AP+ study
Y. Reznik1, M.  Carvalho2, S.  Fendri3, G.  Prevost4, L.  Chaillous5, 
J.-P.  Riveline6, H.  Hanaire7, S.  Dubois8, H.  Pasche9, P.  Houeto9, E. 
 Renard10;
1Caen University Hospital, Caen, France, 2Vert Coteau Clinic, Mar-
seille, France, 3Amiens University Hospital, Amiens, France, 4Rouen 
University Hospital, Rouen, France, 5Nantes University Hospital, 
Nantes, France, 6Lariboisière University Hospital, Paris, France, 
7Rangueil University Hospital, Toulouse, France, 8Angers University 
Hospital, Angers, France, 9Air Liquide Healthcare, Bagneux, France, 
10Montpellier University Hospital, Montpellier, France.

Background and aims: Treating type 2 diabetes may be challenging 
in people unable to manage their complex insulin regimen at home. 
A recent pilot study has shown the feasibility of using closed loop 
in people with type 2 diabetes (PwT2D) who manage their insulin 
treatment. The aim of the present study was to evaluate the efficacy 
and safety of a hybrid closed loop (HCL) system with tailored home 
healthcare (HHC) services in non-autonomous PwT2D who need at 
home nursing care for their insulin treatment.
Materials and methods: In an open label, multi-center, randomized, 
parallel group trial, we recruited 30 adult PwT2D treated by a multi-
ple daily injection (MDI) regimen requiring assistance from a family 
nurse, and an HbA1c level between 64 and 119 mmol/mol (8 and 
12%). Participants were randomized to switch to the Tandem t:slim 
X2 insulin pump with Control-IQ technology HCL system or stay on 
MDI for a 12-week study period. Dexcom G6 system was used for 
continuous glucose monitoring. A family nurse managed both treat-
ments. HHC Providers connected to hospital diabetes care units man-
aged home visits or calls as needed, family nurses training, PwT2D/
caregivers technical support and training on system warning and 
alarms, glucose control through a data platform, data downloading 
and reporting to the medical staff. Primary endpoint was the change 
in time in target glucose range (TIR, 70-180 mg/dL).
Results: 25 participants completed the study (11 HCL, 14 MDI). 
Mean age was 69.5±8.6 yrs, sex ratio 69:31 (f:m,%), diabetes duration 
18.6±10.6 yrs, insulin treatment duration 9.2±8.9 yrs. TIR changed from 
34.4±21.2% vs. 38.9±23.2% at baseline to 63.0±9.4 % vs. 36.6±21.9 
%, on HCL vs. MDI, respectively, with a mean difference of +30.3% 
(p<0.001). Time above target glucose range (>180mg/dl) decreased by 
28.4±21.8% on HCL while increasing by 2.2±14.4% on MDI (p<0.001). 
There was a 1.60±1.10% HbA1c reduction on HCL vs. 0.36±0.80% on 
MDI (mean difference 1.3%, p<0.001). Time below target glucose range 
(<70 mg/dl) was 0.98±1.64% (HCL) vs. 0.65±1.08% (MDI) at baseline 
and remained similar in both treatment groups. Neither severe hypogly-
cemia nor ketoacidosis occurred in both treatment groups. There was no 
significant difference in change in total daily insulin dose or body weight 
between groups. At study end, most patients felt that HCL was in the best 
interest for their health (89%) and quality of life (100%).
Conclusion: HCL combined with tailored HHC services significantly 
improves glucose control with no safety issue in PwT2D previously 
under MDI regimen. It may be an option for non-autonomous people 
dependent on HHC providers for the management of their insulin 
treatment.
Clinical Trial Registration Number: NCT04233229
Supported by: Study co-funded by Air Liquide Healthcare and EIT 
Health. Product support was provided by Tandem Diabetes Care, Inc.
Disclosure: Y. Reznik: Honorarium; Fees from Air Liquide Santé 
International, as coordinating investigator of the study.

763
Glycaemic improvements with the Omnipod 5 AID System across 
diverse baseline characteristics: learnings from 320 trial partici-
pants ages 2-70 years
L. Leelarathna1, T.T.  Ly2, The Omnipod 5 Research Group;
1Manchester Diabetes Centre, Manchester, UK, 2Insulet Corporation, 
Acton, MA, USA.

Background and aims: The Omnipod 5® Automated Insulin 
Delivery (AID) System has been evaluated in two pivotal clinical 
trials, with diverse participants in terms of multiple character-
istics of interest: age, race/ethnicity, pre-study insulin delivery 
method, BMI, total daily dose of insulin, baseline HbA1c, and 
baseline time in target range 70-180 mg/dL [3.9-10.0mmol/L] 
(TIR). We performed a subgroup analysis combining both tri-
als to assess change in glycemic outcomes stratified by baseline 
characteristics.
Materials and methods: Across two outpatient, multi-center piv-
otal studies, participants aged 2-70y with T1D≥6 months (ages 
6-70y) or any duration of T1D (ages 2-<6y) and A1C<10% (<86 
mmol/mol) used the Omnipod 5 AID system for three months at 
home after 14 days of data collection on their standard therapy 
(ST) (pump therapy or multiple daily injections). Changes in the 
primary effectiveness outcomes (HbA1c and TIR) between ST and 
AID were compared across various subgroups based on baseline 
characteristics of interest.
Results:  A total  of 320 par t icipants ages 2-70y init iated 
use of the Omnipod 5 AID System in the two three-month 
clinical tr ials. HbA1c (%) and TIR 70-180mg/dL [3.9-10.0 
mmol/L] results stratif ied by age, race/ethnicity, pre-study 
insul in del ivery method,  basel ine HbA1c,  basel ine TIR, 
baseline total daily dose of insulin, and BMI are shown in 
the Figure.  All  groups saw an improvement favor ing AID 
versus ST. The largest var iation was seen between groups 
stratif ied by baseline glycemic metrics, with those star ting 
with lower TIR or higher HbA1c seeing the greatest improve-
ment. Encouragingly, results were similar regardless of race/
ethnicity or prior insulin delivery method.
Conclusion:  In two outpatient,  multi-center pivotal  stud-
ies ,  the Omnipod 5 System was consistent ly effect ive in 
a  large cohor t  of  chi ldren,  adolescents ,  and adults  when 
used for 3 months at home. These results highlight the suc-
cessful use of the AID system to increase TIR and reduce 
HbA1c in people with T1D spanning a broad range of base-
line character istics.
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Clinical Trial Registration Number: NCT04196140; NCT04476472
Supported by: Insulet Corporation
Disclosure: L. Leelarathna: Employment/Consultancy; Abbott 
Diabetes Care, Dexcom, Insulet, Medtronic, Novo Nordisk, Sanofi. 
Grants; Dexcom, Insulet. Honorarium; Abbott Diabetes Care, Dex-
com, Insulet, Medtronic, Novo Nordisk, Sanofi.

764
Comparison between a first-generation and a second-generation 
commercial automated insulin delivery system in glucose manage-
ment among adults with type 1 diabetes
Z. Wu1, M.  Lebbar2, A.  Bonhoure2, M.  Raffray2, M.  Devaux2, V. 
 Messier2, V.  Boudreau2, A.-S.  Brazeau1, R. Rabasa-Lhoret2;
1McGill University, Montreal, QC, Canada, 2Institut de recherches 
cliniques de Montréal (IRCM), Montreal, QC, Canada.

Background and aims: We aim to compare two commercial auto-
mated insulin delivery (AID) systems (Medtronic 670G/770G [MED] 
as a first-generation AID vs. Tandem Control-IQ [CIQ] as a second-
generation AID with auto-correction feature) for glucose management 
among adults with type 1 diabetes (T1D) in real-life conditions.
Materials and methods: Post-hoc analysis of a prospective, observa-
tional, real-world study involving adults with T1D, having used an AID 
for ≥ 3 months, and living in Canada. A total of 30 days’ data from 
an additional blinded continuous glucose monitoring system (CGM, 

Dexcom G6) was used to assess effectiveness [Primary outcome: 24h 
time in range% (TIR%) for 30 days]. Student’s t-test, Mann-Whitney 
U test, chi-square test, and logistic regression model were applied and 
statistical significance was defined as two-tailed p<0.05.
Results: A total of 52 participants (26 MED and 26 CIQ users) 
were included: 63% females, mean age 46 ± 16 years with median 
(IQR) diabetes duration of 26 years (17, 40) and HbA1c of 6.9% 
(6.6, 7.3). More female participants were observed in the CIQ 
group (77% vs. 50%, p=0.044) and the duration of AID use was 
shorter in the CIQ group [7 months (4, 16) vs. 26 months (12, 33), 
p<0.001]. Other baseline participant characteristics were similar 
between the two groups. The CIQ group presented a significantly 
higher mean TIR% than the MED group (75.7 ± 9.1% vs. 66.6 ± 
10.7%, p=0.002), even after adjusting for unbalanced baseline char-
acteristics including sex and duration of AID use (p=0.027). Lower 
mean glucose value (8.2 ± 0.9 mmol/L vs. 9.2 ± 1.2 mmol/L, 
p=0.002) and less percentage of time in level 1 hyperglycemia [> 
10.0 mmol/L, median (IQR) 20.8% (14.8, 29.0) vs. 30.4% (23.3, 
36.4), p=0.001) and level 2 hyperglycemia (>13.9 mmol/L, 3.3% 
(2.1, 6.4) vs. 5.2% (3.5, 10.3), p=0.021] were observed in the CIQ 
group. No difference in hypoglycemia or glycemic variability was 
observed between the two groups (Table). The percentage of time 
spent in auto-mode was significantly higher in the CIQ group [98% 
(94, 98) vs. 94% (83, 95), p=0.001].
Conclusion: This is the first study comparing two different brands 
of commercial AID systems using data from an additional blinded 
CGM. Compared with the first-generation AID system (MED), the 
second-generation AID system (CIQ) achieved a higher TIR%, mainly 
due to less time spent in hyperglycemia, among adults with T1D in 
real-world settings. The benefits of less hyperglycemia may be mainly 
attributed to the auto-correction feature displayed by CIQ.

Clinical Trial Registration Number: ISRCTN11362144
Supported by: CIHR foundation grant
Disclosure: Z. Wu: Other; Fonds de recherche du Quebec-Sante 
(FRQS) Postdoctoral Fellowship.

765
Comparison of efficacy of automated insulin delivery, sensor-aug-
mented pumps and insulin pumps without advanced functions in 
adults with type 1 diabetes
M. Müllerová, R. Bém, D. Vávra, K. Sochorová, M. Haluzík;
Institute for clinical and experimental medicine, Diabetes Centre, 
Prague, Czech Republic.
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Background and aims: Automated insulin delivery (AID) is a novel 
treatment approach that integrates insulin pump (CSII), continuous 
glucose monitor (CGM), and a smart algorithm to regulate blood 
glucose levels based on real-time data and trends. Our study aimed 
to evaluate the efficacy of AID in achieving glycemic control and to 
compare this approach with sensor-augmented pumps (SAP) and CSII 
without advanced functions in adults with type 1 diabetes.
Materials and methods: In our cross-sectional study, a total of 824 
patients with type 1 diabetes (48.5% female, a mean age of 43.6±15.6 
years, duration of diabetes 25.1±11.8 years) using insulin pumps 
and glucose sensors were assessed in 2022. The average duration of 
treatment with CSII was 13.1 years. Patients were stratified into three 
groups: 399 (48.4%) used AID, 235 (28.5%) SAP and 190 (23.1%) 
were treated with CSII without advanced functions. Glycemic control 
was evaluated by glycated haemoglobin  (HbA1c), time in range (TIR), 
and time below range (TBR).
Results: A significantly lower  HbA1c among patients treated by AID 
in comparison with SAP and CSII users was found (AID 55.7±10.4 
mmol/mol vs. SAP 58.6±11.2 mmol/mol; p<0.001; vs. CSII 
60.5±10.7 mmol/mol; p<0.0001; SAP vs. CSII difference was not 
significant). There was a significantly higher TIR among patients with 
AID (AID 73.1±14.3 % vs. SAP 66.0±16.5 % vs. CSII 61.3±14.9 %; 
both p<0.0001; SAP vs. CSII p<0.01). In addition, AID users had 
significantly lower TBR in comparison with SAP and CSII users (AID 
2.4±3.3 % vs. SAP 3.8±5.6 % vs. CSII 5.2±4.7 %; both p<0.0001; 
SAP vs. CSII p<0.01). The differences between the groups where 
independent of age and remained significant even after analysing 
patients in age categories under 40 years, 40-60 and over 60 years.
Conclusion: In our study, patients treated with AID had significantly 
lower  HbA1c, longer TIR and shorter TBR compared to those using 
SAP and CSII without advanced functions. These findings suggest 
that AID systems may offer superior glycemic control compared to 
SAP and CSII in the real-world settings.
Supported by: National Institute for Research of Metabolic and 
Cardiovascular Diseases (Programme EXCELES, ID Project No. 
LX22NPO5104)- Funded by the European Union
Disclosure: M. Müllerová: None.

766
The MiniMed 780G system adapts to substantial changes in daily 
routine: lessons from real-world users during Ramadan
M. Al-Sofiani1,2, A. Al-Guwaihis1,3, A. Al-Shaikh4, A.  Adjene5, 
N. Al-Amuddin6,7, D.  Mohannadi8, A.  Arrieta9, J.  Castaneda9, W. 
 Chaar10, T. van den  Heuvel9, O.  Cohen9;
1King Saud University, Riyadh, Saudi Arabia, 2Al Takhassusi Hos-
pital, Riyadh, Saudi Arabia, 3Dallah Hospital, Riyadh, Saudi Arabia, 
4King Abdulaziz University Hospital, Jeddah, Saudi Arabia, 5Imperial 
College London Diabetes Centre, Abu Dhabi, United Arab Emirates, 
6King Hamad University Hospital, Manama, Bahrain, 7Royal College 
of Surgeons in Ireland, Manama, Bahrain, 8Hamad hospital, Doha, 
Qatar, 9Medtronic International Trading Sàrl, Tolochenaz, Switzer-
land, 10Medtronic Saudi Arabia, Riyadh, Switzerland.

Background and aims: Fasting during the month of Ramadan carries 
a high risk of complications for people with type 1 diabetes (PwT1D). 
These complications include hypoglycemia, hyperglycemia, dehydra-
tion, and diabetic ketoacidosis, particularly during the fasting hours 
(from Fajr to Magrib prayer). Even though PwT1D are exempted, 
many insist to fast. Real-world evidence on the effectiveness of the 
MiniMed 780G system during Ramadan is lacking and is reported 
below.

Materials and methods: ‘CareLink Personal’ data were extracted from 
MiniMed 780G system users who were registered in the Gulf Region 
(Saudi Arabia, Qatar, United Arab Emirates, Bahrain, Kuwait, Oman, 
Yemen), were >15 years and provided consent. Users were included if 
they had ≥10 days of sensor glucose (SG) during the month of Rama-
dan 2022 (2 April to 1 May) as well as in the month before and after. 
Continuous glucose monitoring (CGM) based endpoints were aggre-
gated for each month and were also reported by time of day (Ramadan 
based daytime: 05.31-18.00h, and nighttime: 18.01-05.30h).
Results: A total of 202 users were included. Overall, time in range (TIR) 
remained similar before, during, and after Ramadan (74.9±10.0, 73.9±10.3, 
73.5±10.5%, respectively), and so did the time below range (TBR, 2.4±2.4, 
2.2±2.4, 2.4±2.5%) and the mean SG (146.4±16.3, 148.2±17.1, 148.8±17.7 
mg/dL). During Ramadan, TIR was higher during daytime than nighttime 
(83.0± 9.9, 64.2± 15.0%, respectively), whereas TBR remained the same 
(2.2± 2.4, 2.3± 2.9%). Time above range (TAR) was highest during the 
nighttime (33.5±16.1%), mainly resulting from post-Iftar hyperglycemia 
(figure). The glycemia pattern during Ramadan differed from that of the 
adjacent months and included 2 remarkable spikes (post-Suhur and post-
Iftar). Also, the manual bolus pattern changed from 5.1±2.4 daily boluses 
before Ramadan (2.6 during daytime) to 4.7±2.4 (1.1) during Ramadan.
Conclusion: Despite the presumed risks of fasting for PwT1D, real-
world evidence from MiniMed 780G users in the Gulf region shows 
relatively comparable overall TIR, TBR, TAR before, during, and 
after Ramadan. All CGM metrics remained within the international 
targets during Ramadan with no apparent increased risk of hypogly-
cemia during the fasting hours. Our study shows that MiniMed 780G 
system is effective in adapting to the substantial changes that occur in 
the daily routine of PWT1D during the month of Ramadan.

Disclosure: M. Al-Sofiani: Lecture/other fees; Medtronic. Non-
financial support; Medtronic.
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767
Catheter changes lead to increased hyperglycaemia in both open 
and closed loop modes: real-life evidence from pump users with 
type 1 diabetes
J.-B. Julla1,2, P.  Jacquemier1,3, Y.  Reznik4, C. Virbel-Fleischman3, 
E.  Leutenegger5, E.  Bonnemaison6, H.  Hanaire7, P. Schaepelynck 
 Belicar8, G.  Fagherazzi9, E.  Renard10, J.-P.  Riveline11,2;
1IMMEDIAB Laboratory, Institut Necker Enfants Malades (INEM), 
PARIS, France, 2Service of Diabetology, Endocrinology and Nutri-
tion, Hôpital Lariboisière APHP, Paris, France, 3Explor Center, Air 
Liquide Healthcare, Bagneux, France, 4CHU Côte de Nacre, Caen, 
France, 5Margaux, PARIS, France, 6CHRU de Tours, Tours, France, 
7Hôpital Rangueil, CHU de Toulouse, Toulouse, France, 8Hôpital de 
la Conception, APHM Marseille, Marseille, France, 9Luxembourg 
Institute of Health, Strassen, Luxembourg, 10CHU de Montpellier, 
Montpellier, France, 11IMMEDIAB Laboratory, Institut Necker 
Enfants Malades (INEM), Paris, France.

Background and aims: Most current insulin pump catheters (KT) 
are changed every 3 days. Higher glycemic excursions after test meals 
were observed on day 1 of KT wear than on day 3, in a clinical 
research setting. The aim of this study was to investigate whether 
hyperglycemia after KT change (KTC) was observed in real-life and 
if so, whether this phenomenon was resolved in hybrid closed-loop 
mode.
Materials and methods: 134 patients were included, including 72 
women, mean age was 35.6 (+/- 15.7) years, BMI 25.2 kg/m2 (+/- 
4.7), HbA1c 7.48 % (+/-0.82). All were equipped with a Tandem 
t:slim x2 and Dexcom G6 for 20 days in Open-Loop (OL) mode, then 
Closed-Loop (CL) mode was activated. Data from pump and CGM 
was downloaded using the myDiabby app. Samples used for analy-
sis were the 20 days in OL mode and the last 20 days of a 3-month 
CL period. Reservoir changes and KTC were considered to be the 
same event. The % of time spent with glycemia above 180 mg / dL 
(%TA180) was compared in the 2h following KTC, to the same time 
period of day 24h and 48h later, both in OL and CL modes. Data was 
adjusted for age, sex, BMI, HbA1c at inclusion and %TA180 in the 2h 
before KTC.KTC were sorted in 4 categories according to the timing 
of bolus delivery:- both during the 2h before and after KTC - during 
the 2h before KTC only - during the 2h after KTC only - neither dur-
ing the 2h before nor during the 2h after KTC
Results: 1636 KTC were analysed. In OL mode, mean %TA180 in the 
2h after KTC was 58.7%, and was significantly reduced to 44.2% 24h 
later (p<0.0001) and to 41.2% 48h later (p<0.0001) independently 
from %TA180 before KTC. Global %TA180 upon days of KTC in 
OL mode is 6.73% higher (p<0.0001) than on the other days. In CL 
mode, mean %TA180 in the 2h following KTC was 49.3% and was 
significantly reduced to 31.2% 24h later (p<0.0001) and to 33.2% 48h 
later (p<0.0001) independently from %TA180 before KTC. Global 
%TA180 upon days of KTC in CL mode is 4.86% higher (p<0.0001) 
than on the other days. When a bolus was infused in the 2h before 
KTC or no bolus was infused 2h before or after a KTC, no hypergly-
cemia was observed.
Conclusion: We present the first real-life results revealing hypergly-
cemia following KTC, in both OL and CL modes of insulin delivery. 
Bolus administration in the 2h before the KTC is associated with a 
reduction of this phenomenon.

Clinical Trial Registration Number: NCT04939766
Supported by: VITALAIRE
Disclosure: J. Julla: None.

768
InPen smart insulin pen plus continuous glucose monitoring 
(CGM) identifies missed correction opportunities: impact on 
glycaemia and potential for actionable reminders
R.A. Vigersky, G. Im, M.B. Smith, J. MacLeod;
Medtronic Diabetes, Northridge, CA, USA.

Background and aims: An important feature of the InPen™ Smart 
Insulin Pen (SIP) is its ability to track active insulin (insulin on 
board), thereby enabling opportunities to safely calculate correction 
doses any time after a prior meal or correction bolus. An earlier 
analysis found that InPen™ SIP users who delivered at least 1 cor-
rection dose a day within 3 hours of a previous dose achieved overall 
higher Time-In-Range (TIR) without an increase in Time-Below-
Range (TBR), when compared to those who administered correction 
insulin >3 hours after their previous dose. Analysis of sensor data 
indicates that when an initial glucose alert occurs, less than half of 
sensor alerts are actionable (a correction dose can be safely deliv-
ered). Alerts without an associated action may drive alert fatigue and 
risk of insulin stacking. The current study identifies missed correc-
tion opportunities and investigates the relationship of the duration of 
missed correction dose opportunities to glycemic outcomes in both 
adult and pediatric InPen plus CGM users with either type 1 or type 
2 diabetes.
Materials and methods: A retrospective cohort analysis was performed 
using deidentified sensor glucose (SG) data from N=5,153 individuals 
during the latest 14 days use in the 60-to-90th day period after starting 
the InPen between January 2020 and December 2021. Missed correction 
opportunities were defined as elevated SGs in which the dose recommen-
dations were no less than each user’s correction threshold. Correction 
threshold was derived from the difference between 180mg/dL and user’s 
target glucose level, divided by insulin sensitivity factor (ISF). Pearson’s 
r was used to evaluate correlation between variables.
Results: Users in the analysis averaged 5.31±4.10 hours of missed 
correction opportunity per day. The durations of the missed correc-
tion opportunities per day showed strong negative correlation with 
TIR (r=-0.85, p<0.0001) and TAR (r=0.86, p<0.0001), but no strong 
correlation against TBR (r=-0.21, p<0.0001).
Conclusion: Combined insulin dose and CGM data from 5,153 real-
world InPen™ SIP plus CGM users demonstrates a high number and 
duration of missed correction dose opportunities. The duration of 
missed correction opportunities was negatively correlated with TIR. 
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Having visibility to objective missed correction opportunities data can 
enrich the patient-clinician conversation about ways to improve glyce-
mic outcomes. These will, also, inform future product development to 
support users in knowing when and by how much to correct SG based 
on active insulin dose data and limiting non-actionable SG alerts.
Disclosure: R.A. Vigersky: Employment/Consultancy; Medtronic 
Diabetes. Stock/Shareholding; Medtronic Diabetes.

769
Automated insulin delivery systems in adults with type 1 diabetes: 
A real game changer?
R. Bem, D. Vavra, K. Sochorova, M. Mullerova, M. Haluzik;
Diabetes Centre, Institute for Clinical and Experimental Medicine, 
Prague, Czech Republic.

Background and aims: Automated insulin delivery (AID) is a dia-
betes management system that combines an insulin pump (IP) with a 
continuous glucose monitoring (CGM) device and an algorithm that 
automatically adjusts insulin delivery based on the CGM readings. It 
can improve glucose control, reduce the risk of hypoglycemia, and 
improve the quality of life for people with type 1 diabetes (T1D). The 
aim of the study was to compare the effect of AID, IP without AID, and 
multiple daily injections (MDI) on glycemic control, risk of hypoglyce-
mia, and its connection with subject characteristics in adults with T1D.
Materials and methods: In a cross-sectional study, 1948 adults with 
T1D (54.7% of men, mean age of 45.7±15.9 years, duration of diabe-
tes 23.5±13.1 years) were enrolled. Subjects were divided into three 
groups according to the type of insulin delivery modality used - AID 
(n=440; 22.6%), IP without AID (n=536; 27.5%), and MDI (n=972; 
49.9%). CGM has been used in 463 (86.4%) subjects in the IP and in 744 
subjects (76.4%) in the MDI group. We assessed basic characteristics, 
glycemic control [HbA1c, time in and below range - TIR (3.9-10), TBR 
(<3.9)], and the presence of diabetes complications and comorbidities.
Results: Subjects using AID had significantly better glucose control in 
comparison with IP and MDI assessed by HbA1c (55.4±10.7 mmol/mol vs 
60±11.4 and 60±14.5; both p<0.0001; IP vs MDI was NS). The significantly 
better effect of AID persisted even in the subanalysis when only patients 
with CGM were included in the IP and MDI groups (IP HbA1c 59.5±11.2 
mmol/mol; MDI 59±13.3; both p<0.0001; IP vs MDI was NS). In addition, 
there was a longer TIR in AID users (73.4±14.3% vs IP 63.4±16.2%; MDI 
61.4±18.1%; both p<0.0001; IP vs MDI was p<0.05) and TBR significantly 
shorter (mean 2.6±3.4% vs IP 4.7±5.4% vs MDI 6.6±6.7%; both p<0.0001; 
IP vs MDI was p<0.0001). Subjects with AID were significantly younger 
(40±12.3 years vs IP 46.2±15.4 vs MDI 46.2±18.3; both p<0.0001) and 
had less complication and comorbidities (31.1% of subjects in AID without 
them vs IP 17%; p<0.0001 and MDI 27.1%; NS).
Conclusion: In our study, subjects with AID had better glucose con-
trol and less hypoglycemia in comparison with IP and MDI, which 
could lead to a reduction in the incidence of diabetes complications 
and comorbidities in the long term. AID can become a real game 
changer in the treatment of adults with type 1 diabetes.
Supported by: Programme EXCELES, ID Project No. LX22NPO5104
Disclosure: R. Bem: None.

770
Safety and performance of an advanced hybrid closed-loop algo-
rithm with ultra rapid lispro and lispro
R.K. Pollom1, L.  Nosek2, H. Veir  Coester2, E.  Zijlstra2, A.  Ghosh1, 
A.  Haidar3, R.E.  Jones1, J.K.  Leohr1, S.E.  Gleissner1, E.  Dassau1, 
M.  Katz1;
1Eli Lilly and Company, Indianapolis, IN, USA, 2Profil, Neuss, Ger-
many, 3McGill University, Montreal, QC, Canada.

Background and aims: Tuning a multi-model predictive control 
advanced hybrid closed-loop (AHCL) algorithm to the PK/PD prop-
erties of ultra rapid lispro (URLi) may result in improved perfor-
mance vs Lispro with no increased safety concerns.
Materials and methods: This was a randomised, double-blind, inpatient, 
2-period crossover study in 22 adults with T1D on insulin pumps. Each URLi 
and Lispro treatment period had a 4-day inpatient visit with insulin doses calcu-
lated using the tuned AHCL algorithm. To challenge the algorithm, tests included 
unannounced exercise, 1 hour delayed bolus, underbolus, and overbolus.
Results: Participants (59% male) had mean ±SD age 43.4±13.77 
years, T1D duration 25.9±9.61 years, and HbA1c 59.56±5.14 mmol/
mol (7.6±0.47%). Mean time in range (TIR; 3.9-10 mmol/L) during 
the overall inpatient period: URLi 79.4%; Lispro 78.7 % (p=0.80) with 
a trend towards decreased time <3.9 mmol/L (1.5 vs 2.4, p=0.08) for 
URLi. URLi had a significant difference in Level 1 hypoglycaemia (30 
vs 55 events, p = 0.01) but not Level 2 (4 vs 9 events, p=0.3). TIRs were 
similar including during meal/challenge periods (Table) with a trend 
towards greater TIR during the postprandial period and reduced time 
< 3.9mmol/L during exercise for URLi. There was greater TIR during 
overbolus with Lispro. No severe hypoglycaemia events occurred.
Conclusion: Results suggest reduced hypoglycaemia with URLi vs 
Lispro with comparable glycaemic control. The AHCL algorithm 
showed promising glycaemic performance in a supervised setting when 
used with URLi or Lispro.

Supported by: Eli Lilly and Company
Disclosure: R.K. Pollom: Employment/Consultancy; Eli Lilly and 
Company. Stock/Shareholding; +1 (317) 2774245.

771
Glucometrics and glycaemic control in adults with type 1 diabetes 
when switching to insulin degludec
S. Charleer1, R. De  Groote1, E.  Lefever1, P. Donné2, C. De  Block2, 
C.  Mathieu1, P.  Gillard1;
1University Hospitals Leuven - KU Leuven, Leuven, Belgium, 2Uni-
versity Hospital Antwerp, Edegem, Belgium.

Background and aims: Insulin degludec (IDeg) is an ultra-long-acting 
insulin analogue, establishing lower day-to-day variability and reduced 
risk of hypoglycemia in people with type 1 diabetes (T1D). The aim of 
this study was to assess the real-world effect of switching to IDeg from 
other long-acting insulins on time in ranges measured by continuous 
glucose monitoring (CGM), metabolic control, and insulin dose.
Materials and methods: This retrospective multicenter study encom-
passed five time points during a 12-month pre-switch of IDeg and 
a 12-month follow-up period. Participants were required to be using 
CGM ≥1 year before switch and to be using IDeg ≥6 months at the end 
of the prespecified data collection period (1 March 2018 - 31 December 
2021). For each visit, clinical and CGM data were collected to evalu-
ate temporal trends in glycemic outcomes. Primary outcome was the 
evolution of percent time in range (70-180 mg/dL, TIR) before versus 
after switch to IDeg. For continuous longitudinal data analysis, linear 
mixed models were used. Shown differences are 12 months vs baseline.
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Results: Of 977 persons with T1D who were assessed for eligibility, 486 
were included, with a mean (SD) HbA1c of 8.1 (1.1) %, TIR of 52.9 (14.0) 
%, 47.4 (16.9) years old, and diabetes duration of 23.8 (14.2) years at IDeg-
initiation. The most frequently used long-acting insulins before switch were 
insulin glargine 100 U/mL (43.6%) and 300 U/mL (29.4%). Compared to 
baseline, TIR (mean [95% CI]) over 24 hours increased with +4.34% (3.34, 
5.33) at 12 months (52.3% vs 56.7%, p<0.001) with a higher proportion of 
people achieving TIR >70% (10.4% vs 19.3%, p<0.001). Time <54 and 
time <70 mg/dL over 24 hours decreased at 12 months (respectively 2.9% 
vs 2.0% and 7.2% vs 6.4%, p<0.001 for both). Additionally, time >180 mg/
dL over 24 hours (40.6% vs 37.0%, p<0.001), coefficient of variation (41.5% 
vs 40.0%, p<0.001), and HbA1c (8.1% vs 7.9%, p<0.001) improved as well. 
For time <54 mg/dL and <70 mg/dL, improvements were mainly seen dur-
ing nighttime (-1.28% [-1.68, -0.88], p<0.001; and -1.71% [-2.35, -1.07], 
p<0.001, respectively) compared to daytime (-0.61% [-0.86, -0.36], p<0.001; 
and -0.26% [-0.67, 0.16], p=0.221, respectively). For TIR and time >180 mg/
dL improvements were mainly seen during daytime (+5.69% [4.64, 6.75], 
p<0.001; and -5.40% [-6.59, -4.21], p<0.001, respectively) compared to 
nighttime (+2.35% [0.98, 3.73], p<0.001; and -0.66% [-2.19, 0.87], p=0.398, 
respectively). Daily basal, bolus and total insulin doses decreased by -0.02 
U/kg, -0.03 U/kg and -0.06 U/kg, respectively (p<0.001 for all), while mean 
body mass index (BMI) increased by +0.32 kg/m2 at 12 months (p<0.001).
Conclusion: This real-world study reports that switching to IDeg in 
people with T1D significantly improved glycemic control and glyce-
mic variability, while decreasing nocturnal hypoglycemia.

Clinical Trial Registration Number: NCT05434559
Supported by: University Hospitals Leuven received a grant from 
Novo Nordisk for the present work.
Disclosure: S. Charleer: Grants; Novo Nordisk.

772
CamAPS in Poland: the first encouraging experience from two 
pediatric diabetes centres
P. Jarosz-Chobot1, S.  Seget2, H.  Kaminska2, E.  Rusak2, P. 
 Choreza2, A.  Ochab3, E.  Ledwon3, A.  Chobot3;
1Children’s Diabetology, Medical University of Silesia, Katowice, 
Poland, 2Medical University of Silesia, Katowice, Poland, 3Univer-
sity of Opole, Opole, Poland.

Background and aims: Automatic insulin delivery (AID) is 
designed to maintain glucose concentrations at a set target by an 
algorithm that combines information from continuous glycaemic 
monitoring (CGM) with subcutaneous insulin infusion by a pump. 
The CamAPS FX system is the second officially available AID in 
Poland. The aim of the study was to compare the metabolic control 
of children with type 1 diabetes treated with the CamAPS FX to 
previous therapy (various type of insulin pump and CGM).
Materials and methods: Eleven children (8 boys) participated in the 
study. The mean age of the children was 11.8 ± 3.2 years and the dura-
tion of disease was 3.7 ± 2.9 years. We analyzed the CGM parameters 
at 3 different timepoints (baseline, 2 weeks and 4 weeks after AID 
introduction - always taking into consideration the values from a report 
from the readings from the last 14 days). The statistical analysis was 
performed with the Statistica v. 13.3. Data shown as mean ± standard 
deviation. The statistically significant values were those of p<0.05.
Results: The time spent in the glycemia range of 70-180 mg/dl (TIR) 
before AID was 70 ± 24.4 % and increased to 78 % ± 16.5 (p<0.05) 
after starting the AID. Other results are shown in the table.
Conclusion: The use of the CamAPS FX in children with type 1 
diabetes significantly increases the time spent in target glycaemia 
compared to the prior treatment mode.

Disclosure: P. Jarosz-Chobot: None.

773
Insulin degludec vs glargine U100 in people with type 1 diabe-
tes: Does one size fit all?
S. Hjejle1,2, J.M.B. Brøsen1, R.M.  Agesen3, B.  Thorsteinsson1, U. 
Pedersen-Bjergaard1;
1Dept. of Endocrinology and Nephrology, Copenhagen University 
Hospital – North Zealand, Hillerød, Denmark, 2Faculty of Health 
and Medical Sciences, University of Copenhagen, Copenhagen, 
Denmark, 3Novo Nordisk, Søborg, Denmark.

Background and aims: In the HypoDeg trial, a two-year multicentre 
randomized cross-over trial, treatment with insulin degludec (IDeg) 
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resulted in significantly reduced rates of nocturnal symptomatic hypo-
glycaemia and all-day severe hypoglycaemia compared to insulin glar-
gine U100 (IGlar) in people with type 1 diabetes (T1D) prone to noc-
turnal severe hypoglycaemia. To assess the proportion of participants 
to whom the overall result is applicable, we analyzed data from the 
HypoDeg trial on hypoglycaemia and HbA1c outcomes at a single-
patient level.
Materials and methods: A total of 149 adults with T1D and one or 
more episodes of nocturnal severe hypoglycaemia in the past two years 
were included. Each participant was categorized according to their 
superior treatment (IDeg or IGlar) defined as the treatment resulting 
in an at least 30% lower incidence of nocturnal symptomatic hypogly-
caemia (BGM ≤ 3 mmol/L) between IDeg and IGlar, a lower number 
of all-day severe hypoglycaemia episodes and a 0.4% (4 mmol/mol) 
lower HbA1c. If the superiority criterium for an outcome was not met, 
the effect of the two treatments was considered similar. To examine 
the overall superior treatment, a composite endpoint score for each 
participant was calculated from the three outcomes. Pairwise binomial 
tests were used to compare the proportions of participants in the three 
different superiority groups and the composite endpoint score groups.
Results: A significantly higher percentage of participants had IDeg as 
superior treatment compared with IGlar [38% vs 15%, p=0.0003] in the 
nocturnal symptomatic hypoglycaemia outcome. For the outcomes all-
day severe hypoglycaemia and HbA1c, no significant differences were 
found between treatments. Assessment of the composite endpoint scores 
showed a significantly higher percentage of participants with a score 
favouring IDeg or a similar outcome compared with IGlar (Figure 1).
Conclusion: Based on the present single-patient analysis of the composite 
endpoint, the overall result of the HypoDeg trial in favour of IDeg was 
applicable to half of the participants. A majority of the rest had a similar 
treatment outcome while a minor group had a better outcome with IGlar, 
underscoring the need for individualized insulin therapy in clinical practice.

Disclosure: S. Hjejle: None.

774
The effects of glycaemic markers and insulin resistance on 
patient-related outcomes in people living with type 1 diabetes
M. Gao1, N.  Kietsiriroje2, S.  Pearson1, R.  Sagar1, G. Traviss-Turner3, 
A.J.  Hill4, R.A.  Ajjan1;
1Leeds Institute of Cardiovascular and Metabolic Medicine, the 
LIGHT Laboratories, University of Leeds, Leeds, UK, 2Endocrinol-
ogy and Metabolism Unit, Faculty of Medicine, Prince of Songkla 
University, Hatyai, Thailand, 3Academic Unit of Primary and Pal-
liative Care, Leeds Institute Health Sciences, University of Leeds, 
Leeds, UK, 4Division of Psychological and Social Medicine, School 
of Medicine, University of Leeds, Leeds, UK.

Background and aims: The relationship between glycaemic markers 
and patient-related outcomes (PROs) in people with type 1 diabetes 

(T1D) is not entirely clear, while the effects of insulin resistance on 
this relationship has not been studied.
Materials and methods: The DEVELOP observational study 
recruited individuals with T1D who were asked to complete validated 
questionnaires to assess PROs, including Audit of Diabetes Depend-
ent Quality of Life (ADDQoL), Diabetes Distress Screening Scale 
(DDS), Diabetes Treatment Satisfaction Questionnaire (DTSQs), and 
Patient Health Questionnaire (PHQ-9). Glycaemic markers were also 
measured in these individuals including HbA1c, time in range (TIR), 
time below range (TBR), time above range (TAR), and coefficient of 
variation (CV), while insulin resistance was assessed as estimated 
glucose disposal rate (eGDR) calculated using a standard equation.
Results: The interim analysis included 83 T1D individuals. HbA1c and 
TIR showed no relationship with any of the PROs studied. In contrast, TBR 
negatively correlated with PHQ-9 and total-DDS scores (PHQ-9 r=-0.378, 
p<0.01; total-DDS r=-0.312, p<0.01), and positively correlated with 
ADDQoL (r=0.253, p<0.05) with similar patterns shown for CV. When 
analysed as tertiles, there was a significant difference between the low and 
high TBR groups in PHQ-9 and total-DDS scores (Figure 1). Also, differ-
ences were detected in low and high CV tertile groups in relation to PHQ-9, 
total-DDS (Figure 1) and ADDQoL (low CV vs high CV, p=0.006). While 
TBR and CV showed negative correlations with PROs, TAR positively 
correlated with PHQ-9 (r=0.269, p<0.05). Insulin resistance, measured as 
eGDR, showed no relationships with any of the PROs analysed.
Conclusion: Our preliminary data suggest that high hypoglycaemic 
exposure and increased GV are associated with decreased diabetes dis-
tress and higher quality of life measures. In contrast, individuals with 
high hyperglycaemic exposure tend to be more depressed, while insulin 
resistance has no effect on PROs. Collectively, better diabetes control 
is associated with an adverse PRO profile, presumably due to increased 
“glycaemic workload”. Larger studies are warranted, including differ-
ent ethnic groups and those with complications, to fully understand the 
relationship between glycaemia and PROs in the population with T1D.

Disclosure: M. Gao: None.



S397Diabetologia (2023) 66 (Suppl 1):S1–S536 

1 3

SO 62 If it is Tuesday, it is time for insulin 
injection

775
CGM outcomes and hypoglycaemia duration with once-weekly 
insulin icodec versus once-daily insulin glargine u100 in insulin-
naïve type 2 diabetes: ONWARDS 1 exploratory analysis
R. Bergenstal1, S. Kehlet  Watt2, A.S.A.  Matos2, I.  Lingvay3, J.K. 
 Mader4, T.  Nishida5, J.  Rosenstock6;
1International Diabetes Center, HealthPartners Institute, Minneapolis, MN, 
USA, 2Novo Nordisk A/S, Søborg, Denmark, 3Endocrinology Division, 
Department of Internal Medicine and Peter O’Donnell School of Public 
Health, University of Texas Southwestern Medical Center, Dallas, TX, USA, 
4Department of Internal Medicine, Division of Endocrinology and Diabetol-
ogy, Medical University of Graz, Graz, Austria, 5Novo Nordisk Pharma Ltd, 
Tokyo, Japan, 6Velocity Clinical Research at Medical City, Dallas, TX, USA.

Background and aims: ONWARDS 1 was a phase 3a, treat-to-target trial 
in insulin-naïve individuals with T2D randomised 1:1 to once-weekly ico-
dec (n=492) or once-daily glargine U100 (n=492). Time in, above and 
below range (TIR, TAR, TBR) and hypoglycaemia duration were assessed 
using double-blinded CGM at pre-specified periods throughout the trial.
Materials and methods: TIR (70-180 mg/dL), TAR (>180 mg/dL), 
TBR (<70 and <54 mg/dL), median duration of hypoglycaemia <70 
mg/dL and the proportion within such an episode spent <54 mg/dL were 
assessed at weeks (wks) 0-4, 22-26, 48-52, and 74-78. Dexcom G6 data 
were blinded to both trial participants and investigators. TIR and TAR 
were analysed using an ANOVA model with treatment and region as fixed 
factors; missing values were imputed using multiple imputation for weeks 
48-52 and 74-78. TBR was analysed using a negative binomial regres-
sion model (log-link), with treatment and region as fixed factors, and the 
logarithm of the total number of recorded measurements as an offset.
Results: At wks 22-26, 48-52, and 74-78, mean TIR with icodec met the 
recommended target of >70%, and TIR and TAR were significantly improved 
with icodec vs glargine, with no significant difference between arms in TBR 
<54 mg/dL (table). There was a difference in favour of glargine in TBR <70 
mg/dL at wks 48-52 and 74-78 but mean TBR <70 mg/dL and TBR <54 
mg/dL were below recommended targets (4% and 1%, respectively) at all 
time periods for both arms. TIR, TBR and TAR did not differ significantly 
between arms at wks 0-4. Median duration of hypoglycaemia <70 mg/dL and 
proportion of time <54 mg/dL were similar between arms at all time periods.
Conclusion: In summary, TIR and TAR at wks 22-26, 48-52, and 
74-78 was significantly improved with icodec vs glargine U100, with 
no significant difference in TBR <54 mg/dL and a similar duration of 
hypoglycaemia <70 mg/dL between arms.

Clinical Trial Registration Number: NCT04460885
Supported by: Novo Nordisk A/S

Disclosure: R. Bergenstal: Employment/Consultancy; Abbott Diabetes 
Care, Ascensia, Bigfoot Biomedical, Inc., CeQur, DexCom, Eli Lilly, 
Embecta, Hygieia, Insulet, Medtronic, Novo Nordisk, Onduo, Roche 
Diabetes Care, Tandem Diabetes Care, Sanofi, United Healthcare, Ver-
tex Pharmaceuticals, Zealand Pharma, HealthPartners Institute.
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Improved patient-reported outcomes with once-weekly insulin 
icodec with a dosing guide app versus once-daily basal insulin 
analogues in type 2 diabetes (ONWARDS 5)
R. Goldenberg1, M.  Benamar2, L.  Carstensen2, M.  Davies3, A.M. 
 Donatsky2, E.  Franek4, M.  Kellerer5, W.  Polonsky6;
1LMC Diabetes & Endocrinology, Concord, ON, Canada, 2Novo Nor-
disk A/S, Søborg, Denmark, 3Diabetes Research Centre, University of 
Leicester, Leicester, UK, 4Central Clinical Hospital of the Ministry 
of Interior, Warsaw, Poland, 5Clinic for Internal Medicine, Marien-
hospital, Stuttgart, Germany, 6Behavioural Diabetes Institute, San 
Diego, CA, USA.

Background and aims: Effectiveness and safety of once-weekly 
insulin icodec with a dosing guide app (icodec) vs once-daily 
basal insulin analogues (OD analogues) used as per standard 
clinical practice in insulin-naive adults with type 2 diabetes were 
evaluated in ONWARDS 5, a 52-week, randomised, open-label 
trial with real-world elements. At week 52, patient-reported 
outcomes (PROs; change from baseline in Diabetes Treatment 
Satisfaction Questionnaire-status [DTSQs] total treatment score 
and Treatment Related Impact Measure for Diabetes [TRIM-D] 
compliance domain) were statistically significantly greater with 
icodec and dosing guide app vs OD analogues (DTSQs change: 
4.68 vs 3.90, estimated treatment difference [ETD]: 0.78 [95% CI: 
0.10; 1.47], p=0.025; TRIM-D: 90.42 vs 87.37, ETD: 3.04 [95% 
CI: 1.28; 4.81], p=0.0007). Here, we report the items impacting 
the change in DTSQs total treatment score.
Materials and methods: Participants (n=1085) were randomised 
1:1 to icodec with a dosing guide app (n=542) or OD analogues 
(degludec, glargine U100 or glargine U300; n=543). PROs were 
evaluated through the completion of the DTSQs (baseline and 
week 52).
Results: The greater improvement in DTSQs total treatment score 
seen with icodec and dosing guide app vs OD analogues was mostly 
driven by the items related to participants’ willingness to continue 
the trial treatment (p=0.0022) and willingness to recommend treat-
ment to others (p=0.0190) (figure). Participants randomised to 
icodec with a dosing guide app also reported numerically larger 
positive changes than OD participants in three additional DTSQs 
items, participant satisfaction, treatment convenience and flexibil-
ity, though these differences were not statistically significant. After 
52 weeks, the odds of achieving a clinically meaningful change in 
DTSQs total treatment satisfaction score (defined as a change from 
baseline >0.5 SD) were numerically but not statistically signifi-
cantly higher with icodec and dosing guide app than OD analogues 
(estimated odds ratio: 1.35 [95% CI: 0.98; 1.87], p=0.0689). There 
was no statistically significant difference between treatments in 
change in perception of having hyperglycaemia or hypoglycaemia.
Conclusion: The larger improvement in diabetes treatment satisfac-
tion (DTSQs score) with once-weekly icodec with a dosing guide app 
vs OD analogues used as per standard clinical practice appeared to be 
driven by participants’ willingness to continue and recommend the 
trial treatment; participant satisfaction, treatment convenience and 
flexibility also contributed positively.



S398 Diabetologia (2023) 66 (Suppl 1):S1–S536

1 3

Clinical Trial Registration Number: NCT04760626
Supported by: Medical writing support was provided by Oxford Phar-
maGenesis, UK, funded by Novo Nordisk A/S
Disclosure: R. Goldenberg: Employment/Consultancy; Eli Lilly, 
Novo Nordisk, Sanofi. Honorarium; Eli Lilly, Novo Nordisk, Sanofi. 
Lecture/other fees; Eli Lilly, Novo Nordisk, Sanofi. Other; Eli Lilly, 
Novo Nordisk, Sanofi.

777
CGM in insulin-experienced individuals with type 2 diabetes 
switched to once-weekly insulin icodec versus once-daily com-
parators in ONWARDS 2 and 4: post hoc analysis
B. Ásbjörnsdóttir1, H.S.  Bajaj2, L.L.  Lehrskov1, C.  Mathieu3, A. 
Philis-Tsimikas4, N.  Wang1, T.  Battelino5;
1Novo Nordisk A/S, Søborg, Denmark, 2LMC Diabetes and Endocrinol-
ogy, Brampton, ON, Canada, 3Clinical and Experimental Endocrinol-
ogy, University of Leuven, Leuven, Belgium, 4Scripps Whittier Diabetes 
Institute, San Diego, CA, USA, 5University Medical Center Ljubljana, 
Faculty of Medicine, University of Ljubljana, Ljubljana, Slovenia.

Background and aims: Insulin icodec (icodec) is a once-weekly 
basal insulin under clinical development. Here, we investigated 
time in, above, and below range (TIR, TAR, TBR) using continuous 
glucose monitoring (CGM) data during the switch period (weeks 
0-4) and steady state (weeks 22-26) of two phase 3, randomised, 
treat-to-target trials in type 2 diabetes (T2D).
Materials and methods: Insulin-experienced individuals with T2D 
received once-weekly icodec or once-daily degludec (ONWARDS 2), 
or icodec or once-daily glargine U100 with mealtime insulin aspart 
(ONWARDS 4). When switching, a one-time additional 50% dose of icodec 
was administered at first dose; basal insulins were titrated weekly (target: 
4.4-7.2 mmol/L). TIR (3.9-10.0 mmol/L), TAR (>10.0 mmol/L), and TBR 
(<3.9 and <3.0 mmol/L) were calculated using double-blinded Dexcom 
G6® CGM data.
Results: Immediately after switch, TIR, TAR and TBR were not 
significantly different between once-weekly icodec and comparators 
(Table). At steady state, there was no significant difference between 
arms in TIR or TAR. In ONWARDS 2, TBR<3.9 mmol/L was signif-
icantly longer with icodec (estimated rate ratio: 1.59 [95% CI: 1.21; 
2.08]; P=0.001), all other TBR comparisons in both trials were not 
statistically different. The proportion of participants in ONWARDS 
2 who met all three CGM targets (>70% TIR, <25% TAR and <4% 
TBR<3.9mmol/L) at steady state was 28.2% and 22.2% with icodec 
and degludec, respectively (estimated odds ratio [EOR]: 1.23 [95% 
CI: 0.80; 1.88]; P=0.348). In ONWARDS 4, 29.1% (icodec) and 
31.7% (glargine U100) of individuals met these targets (EOR: 0.91 
[95% CI: 0.62; 1.34]; P=0.643). From switch to steady state, overall 
observed mean TIR increased, TAR decreased and TBR remained 
below internationally recommended targets in all groups.

Conclusion: In insulin-experienced participants with T2D, TIR and 
TAR were not significantly different versus once-daily degludec or glar-
gine U100. TBR remained within the international targets in all groups.

Clinical Trial Registration Number: NCT04770532 (ONWARDS 2); 
NCT04880850 (ONWARDS 4)
Supported by: The study was funded by Novo Nordisk A/S.
Disclosure: B. Ásbjörnsdóttir: Employment/Consultancy; Novo Nordisk.
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Improved glycaemic control with once-weekly insulin icodec with 
a dosing guide app vs once-daily basal insulin analogues in insu-
lin-naïve type 2 diabetes: ONWARDS 5
H.S. Bajaj1, J.  Aberle2, M.  Davies3, A.M.  Donatsky4, M. 
 Frederiksen4, D.G.  Yavuz5, A.  Gowda4, I.  Lingvay6, B.  Bode7;
1LMC Diabetes and Endocrinology, Brampton, ON, Canada, 2University 
Medical Center Hamburg-Eppendorf, Hamburg, Germany, 3Diabetes 
Research Centre, University of Leicester, Leicester, UK, 4Novo Nordisk 
A/S, Søborg, Denmark, 5Division of Endocrinology and Metabolism, 
Marmara University School of Medicine, Istanbul, Turkey, 6Division of 
Endocrinology, Department of Internal Medicine and Peter O’Donnell 
Jr School of Public Health, University of Texas Southwestern Medical 
Center, Dallas, TX, USA, 7Atlanta Diabetes Associates, Atlanta, GA, USA.

Background and aims: ONWARDS 5, a 52-week, open-label, phase 
3a trial with real-world elements, assessed effectiveness and safety of 
once-weekly icodec with a dosing guide app (icodec) vs once-daily 
(OD) basal insulin analogues (degludec, glargine U100 or glargine 
U300) in adults with insulin-naïve type 2 diabetes (T2D).
Materials and methods: To mimic clinical practice, ONWARDS 
5 applied fewer exclusion criteria, including adults with any  HbA1c 
>7%, age and BMI. Choice of OD analogue comparator and flex-
ibility in background non-insulin glucose-lowering agents at the 
investigator’s discretion, and fewer stipulated site visits reflect fur-
ther real-world elements in the trial. Participants (mean: 59.3 years; 
32.8 kg/m2) were randomised 1:1 to icodec or OD analogues. The 
dosing guide app aided icodec titration; OD analogues were initiated 
and titrated as per local label and standard clinical practice. Primary 
endpoint was change in  HbA1c from baseline (BL) to week 52.
Results: Estimated mean  HbA1c change from BL to week 52 was greater 
with icodec (−1.68%-points, BL 9.0%) vs OD analogues (−1.31%-points, 
BL 8.9%); estimated treatment difference (ETD): −0.38%-points (95% 
CI: −0.66; −0.09), confirming non-inferiority (p<0.0001) and superior-
ity (p=0.009) of icodec. Patient-reported outcomes: change in Diabetes 
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Treatment Satisfaction Questionnaire total treatment satisfaction score 
and mean Treatment Related Impact Measure for Diabetes compliance 
domain score, were statistically significantly higher for icodec vs OD 
analogues at week 52 (table). Insulin was titrated to a significantly higher 
mean dose with icodec vs OD analogues at week 50-52. There was no 
significant difference in body weight change from BL to week 52 (ico-
dec: 2.28 kg; OD analogues: 1.45 kg; ETD: 0.83 (95% CI: -0.37; 2.02), 
p=0.17). Level 2 (<3.0 mmol/L) or level 3 (severe) hypoglycaemia rates 
were low in both arms (0.19 [icodec] vs 0.14 [OD analogues] events per 
person-year of exposure). Odds of achieving  HbA1c <7% or  HbA1c <7% 
without level 2 or level 3 hypoglycaemia were higher with icodec than 
OD analogues (table).
Conclusion: Treatment with once-weekly insulin icodec with a dos-
ing guide app in adults with insulin-naïve T2D led to superior  HbA1c 
reduction, greater insulin dose, and significant improvement in treat-
ment satisfaction and compliance scores vs OD analogues, with low 
rates of hypoglycaemia.

Clinical Trial Registration Number: NCT04760626
Supported by:Supported by Novo Nordisk A/S
Disclosure: H.S. Bajaj: Other; Novo Nordisk, Amgen, AstraZeneca, 
Boehringer Ingelheim, Ceapro, Eli Lilly and Company, Gilead Sci-
ences, Janssen, Kowa Pharmaceuticals Co. Ltd, Madrigal Pharma-
ceuticals, Merck, Pfizer, Sanofi, Tricida, Novartis.
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Once-weekly insulin icodec: pharmacokinetic and pharmacody-
namic properties in type 1 diabetes
U. Hövelmann1, S.  Engberg2, T.  Heise1, N.R.  Kristensen2, L. Nør-
green3, R. Ribel-Madsen2, E.  Zijlstra1, H.  Haahr2;
1Profil, Neuss, Germany, 2Novo Nordisk, Søborg, Denmark, 3Novo 
Nordisk, Aalborg, Denmark.

Background and aims: Insulin icodec is a once-weekly basal insulin 
currently in phase 3a clinical development. This trial investigated the 
pharmacokinetic and pharmacodynamic properties of icodec at steady 
state in individuals with type 1 diabetes.

Materials and methods: In a randomised, open-label, two-period 
crossover trial, 66 individuals with type 1 diabetes (56 males/10 
females, mean±SD age 43±13 years, BMI 26.1±2.1 kg/m2,  HbA1c 
7.2±0.7%) were allocated to receive once-weekly icodec for 8 weeks 
and once-daily insulin glargine U100 for 2 weeks. During a run-in 
period of up to 10 weeks, the dose level of once-daily glargine U100 
was individually titrated to a pre-breakfast self-measured plasma glu-
cose (SMPG) target of 4.4-7.2 mmol/L. The established individualised 
dose level was then used during the following two treatment periods 
of icodec (at 7 times the once-daily glargine U100 dose) and glargine 
U100 with no further dose adjustment. Thus, once-weekly icodec 
and once-daily glargine were administered at equimolar total weekly 
doses (mean±SD 1.91±0.44 U/kg; range 1.1-3.3 U/kg). Insulin aspart 
was used as bolus insulin. Blood samples for assessment of icodec 
pharmacokinetic properties were drawn from first icodec dose until 
35 days after last dose. Partial glucose-lowering effect of icodec at 
steady state was assessed with two automated glucose clamps at 16-52 
h and 138-168 h after last dose (ClampArt; target 6.7 mmol/L). The 
glucose-lowering effect of icodec during a full one-week dosing inter-
val was predicted by pharmacokinetic-pharmacodynamic modelling. 
Hypoglycaemic episodes were recorded during the treatment periods 
based on SMPG.
Results: Clinical steady state for icodec was reached within 2-3 weeks 
(figure; top panel). The geometric mean half-life of icodec at steady 
state was 175 hours (CV 19%), thus supporting once-weekly dosing. 
Results suggested dose-proportionality for icodec exposure at steady 
state, as the estimated slopes of AUC and  Cmax vs. dose did not differ 
significantly from 1 (AUC: 0.81, 95% CI [0.57;1.06], p=0.13;  Cmax: 
0.86, 95% CI [0.61;1.11], p=0.28). Glucose-lowering effect of icodec 
at steady state was shown to cover the dosing interval of one week, 
while reflecting the diurnal nature of insulin sensitivity (figure; bottom 
panel). Once-weekly icodec and once-daily glargine U100 were both 
well tolerated in this trial. Rates of level 2 hypoglycaemia (PG<3.0 
mmol/L) were 32.8 vs. 23.9 episodes per participant-year of exposure 
(PYE) for icodec vs. glargine U100 overall and 5.4 vs. 4.4 episodes 
per PYE for nocturnal episodes. The mean±SD duration of level 2 
hypoglycaemic episodes was 33±25 vs. 30±18 min for icodec vs. 
glargine U100.
Conclusion: The pharmacokinetic and pharmacodynamic properties 
of icodec shown in the current trial support that icodec can provide 
basal insulin coverage with once-weekly dosing in individuals with 
type 1 diabetes on basal-bolus insulin treatment.
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Improved treatment satisfaction with once-weekly insulin icodec 
versus once-daily insulin degludec in basal insulin-treated type 2 
diabetes (ONWARDS 2)
W. Polonsky1, M.  Benamar2, L.  Carstensen2, M.  Davies3, A.M. 
 Donatsky2, E.  Franek4, M.  Kellerer5, R.  Goldenberg6;
1Behavioural Diabetes Institute, San Diego, CA, USA, 2Novo Nord-
isk A/S, Søborg, Denmark, 3Diabetes Research Centre, University of 
Leicester, Leicester, UK, 4Central Clinical Hospital of the Ministry 
of Interior, Warsaw, Poland, 5Clinic for Internal Medicine, Marien-
hospital, Stuttgart, Germany, 6LMC Diabetes & Endocrinology, 
Concord, ON, Canada.

Background and aims: ONWARDS 2 assessed the efficacy and 
safety of once-weekly (OW) insulin icodec (icodec) compared 
with once-daily (OD) insulin degludec (degludec) in daily basal 
insulin-treated type 2 diabetes. Participants randomised to icodec 
reported a statistically significantly greater increase from base-
line in the Diabetes Treatment Satisfaction Questionnaire-status 
(DTSQs) total treatment satisfaction score at week 26 vs those 
randomised to degludec (4.22 vs 2.96; ETD: 1.25 [95% CI: 0.41, 
2.10]; p=0.0036). Here, we explore individual DTSQ items and 
report results from the Insulin Preference Questionnaire (IPQ).
Materials and methods: ONWARDS 2 was a 26-week, randomised, 
open-label phase 3a trial in 526 participants receiving OW icodec 
(n=263) or OD degludec (n=263). Patient-reported outcomes were 
measured using the DTSQs (completed at baseline and 26 weeks) 
and the IPQ (completed by icodec users at 26 weeks), which assessed 

participants’ preferences for OW icodec compared with their previous 
basal insulin.
Results: At week 26, statistically significantly greater increases 
from baseline were reported with icodec vs degludec on the follow-
ing DTSQs items: convenience (p=0.0059), flexibility (p=0.0025), 
willingness to recommend treatment to others (p=0.0043) and will-
ingness to continue the trial treatment (p=0.0148) (figure A). The 
odds of achieving a clinically meaningful improvement (defined as 
a change from baseline >0.5 SD) in DTSQs total treatment satis-
faction score (p=0.0018), as well as two individual DTSQs items, 
flexibility (p=0.0178) and willingness to continue the trial treatment 
(p=0.0358), were all statistically significantly greater with icodec 
compared with degludec (figure B). There was no statistically signifi-
cant difference between treatment groups in change from baseline in 
perception of having hyperglycaemia or hypoglycaemia. As measured 
by the IPQ, almost all participants preferred using icodec vs their pre-
vious daily basal insulin (93.7%), with most reporting a ‘very strong’ 
preference (74.1%). The main reasons for this preference were the 
frequency of injections (69.5%), ease of use (52.3%), better control 
of blood sugar (36.0%) and fitting well with daily activities (24.7%).
Conclusion: Clinically meaningful improvements in treatment 
satisfaction scores with icodec vs degludec were driven by differ-
ences favouring convenience, flexibility, willingness to recommend 
treatment to others and willingness to continue treatment. Most 
participants had a strong preference for icodec over their previous 
daily basal insulin.

Clinical Trial Registration Number: NCT04770532
Supported by: Novo Nordisk A/S
Disclosure: W. Polonsky: Employment/Consultancy; Sanofi, Novo 
Nordisk, Eli Lilly, Dexcom, Abbott Diabetes Care, Intuity, Insulet, 
Boehringer Ingelheim, Mannkind, Provention Bio, Lifescan, Vertex. 
Other; Dexcom, Abbott Diabetes Care.
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Once-weekly insulin icodec and hospitalisation: insights from the 
ONWARDS 1-6 trials
A. Philis-Tsimikas1, J.K.  Bache2, T.J.  Bari2, K. Salvesen-Sykes3, 
M.  Kellerer4;
1Scripps Whittier Diabetes Institute, San Diego, CA, USA, 2Novo 
Nordisk A/S, Søborg, Denmark, 3Novo Nordisk Inc., Plainsboro, 
NJ, USA, 4Center for Internal Medicine, Marienhospital, Stuttgart, 
Germany.

Background and aims: The ONWARDS programme comprises six 
phase 3a trials (ONWARDS 1-6) assessing the efficacy and safety 
of once-weekly insulin icodec (icodec) in type 1 (T1D) and type 2 
diabetes (T2D) vs once-daily basal insulin comparators (OD com-
parators). Here, we assess the impact of icodec use during and around 
hospitalisation in participants receiving icodec across all six trials.
Materials and methods: In the ONWARDS trials, hospitalisation data 
were only recorded based on reports of SAEs as part of safety monitoring 
procedures. Upon trial completion, available data were assessed according 
to diabetes type (T2D, ONWARDS 1-5; T1D, ONWARDS 6) and assessed 
for: treatment discontinuation; observed individual changes in basal insulin 
dose,  HbA1c, self-measured blood glucose (SMBG) levels, and participant-
reported hypoglycaemic episodes before, during and after hospitalisation.
Results: ONWARDS 1-5 randomised 3765 participants (icodec, n=1882; 
OD comparators, n=1883); ONWARDS 6 randomised 582 participants 
(icodec, n=290; OD comparators, n=292). Across trials, 135 participants 
(mean [SD] age, 62.5 [10.7] years; 127 T2D, 8 T1D) receiving icodec were 
hospitalised 160 times (83 medical and 77 surgical cases); data from this 
cohort are presented. Mean (SD) durations of hospitalisation for icodec were 
6.64 (4.65) days for medical and 9.27 (11.36) days for surgical reasons. Most 
participants with hospitalisations (85.9%) completed end-of-trial visits with-
out discontinuing icodec; 19 (14.1%) participants permanently discontinued 
treatment. Overall, the basal insulin dose remained stable and uninterrupted 
during hospitalisation. For participants with T2D, mean (SD)  HbA1c for 
medical and surgical cases was 8.5% (1.1%) and 8.7% (1.3%) at trial base-
line, 7.3% (0.9%) and 7.1% (0.8%) at hospitalisation, 7.5% (1.1%) and 7.1% 
(1.1%) after discharge, and 7.1% (1.0%) and 7.0% (1.0%) at end of trial. For 
participants with T1D, mean (SD)  HbA1c for medical and surgical cases was 
8.1% (0.9%) and 6.9% (0.5%) at trial baseline, 8.8% (2.3%) and 7.0% (2.1%) 
at hospitalisation, 8.6% (1.5%) and 7.0% (2.1%) after discharge, and 8.1% 
(1.4%) and 7.0% (2.1%) at end of trial. Few SMBG measurements were 
recorded during hospital stays; based on the available data, no major trends 
in glycaemic control were observed. Reported hypoglycaemia rates were 
low, with minimal differences before, during or after hospitalisation (Table).
Conclusion: Most participants continued once-weekly insulin icodec 
treatment despite hospitalisation and, based on those measurements 
that were recorded,  HbA1c, SMBG and hypoglycaemia did not change 
substantially before, during or after hospitalisation.

Clinical Trial Registration Number: NCT04460885 (ONWARDS 
1); NCT04770532 (ONWARDS 2); NCT04795531 (ONWARDS 
3); NCT04880850 (ONWARDS 4); NCT04760626 (ONWARDS 5); 
NCT04848480 (ONWARDS 6)
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Improved HbA1c and time in range with once-weekly insulin ico-
dec versus insulin glargine U100 in insulin-naïve type 2 diabetes: 
ONWARDS 1
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 Lehrskov3, I.  Lingvay6, R.  Trevisan7, O.  Mosenzon8;
1Velocity Clinical Research at Medical City, Dallas, TX, USA, 
2Swansea University Medical School, Swansea, UK, 3Novo Nordisk 
A/S, Søborg, Denmark, 4Novo Nordisk Pharma Ltd, Tokyo, Japan, 
5Servicio de Endocrinología y Nutrición, Hospital Universitario 
Quironsalud Madrid, Facultad de Medicina, Universidad Europea, 
Madrid, Spain, 6Division of Endocrinology, Department of Internal 
Medicine and Peter O’Donnell Jr School of Public Health. University 
of Texas Southwestern Medical Center, Dallas, TX, USA, 7Azienda 
Socio Sanitaria Territoriale Papa Giovanni XXIII, Bergamo, and 
Department of Medicine and Surgery, University of Milano Bico-
cca, Milan, Italy, 8Diabetes Unit, Department of Endocrinology and 
Metabolism, Hadassah Medical Center, and Faculty of Medicine, 
Hebrew University of Jerusalem, Jerusalem, Israel.

Background and aims: Long-term efficacy and safety of once-
weekly insulin icodec (icodec) vs once-daily insulin glargine U100 
(glargine U100), both with non-insulin glucose-lowering agents, 
including SGLT2i and GLP-1 RA, were assessed in ONWARDS 1.
Materials and methods: ONWARDS 1 was a randomised, open 
label, treat-to-target, multinational, phase 3a trial (52-week + 
26-week extension) in insulin-naïve adults with type 2 diabetes. Par-
ticipants (n=984) were randomised 1:1 to icodec or glargine U100.
Results: Prespecified primary analysis at week 52 showed  HbA1C 
reduction from a baseline (BL) of 8.5% to 6.9% with icodec vs 8.4% 
to 7.1% with glargine U100 (estimated treatment difference [ETD]: 
−0.19%-points [95% CI: −0.36, −0.03]), confirming non-inferior-
ity (p<0.0001) and superiority (p=0.0210) of icodec. Percentage 
of time spent in range (TIR 3.9-10.0 mmol/L [70-180 mg/dL]) at 
week 48-52 significantly improved to 72% (icodec) vs 67% glargine 
U100), confirming icodec superiority; ETD 4.27%-points ([1.92; 
6.62], p=0.0004). Time spent >10.0 mmol/L (>180 mg/dL) at week 
48-52 was significantly lower with icodec vs glargine U100 (27% vs 
32%, ETD: −4.58%-points [−6.99, −2.17], p=0.0002), while time 
spent <3.0 mmol/L (<54 mg/dL) was similar (0.3% vs 0.2%, esti-
mated treatment ratio: 1.27 [0.94, 1.71], p=0.1134). Mean change 
in fasting plasma glucose was similar between arms (ETD: −0.24 
[−4.89, 4.41], p=0.9200). There were no significant differences in 
mean weekly insulin dose (week 50-52), or in body weight change 
from BL (table). Level 2 or 3 hypoglycaemia rates (BL to week 52) 
were low in both groups, with numerically higher rates with icodec. 
A higher proportion of participants achieved  HbA1c <7% without 
level 2 or 3 hypoglycaemia with icodec vs glargine U100 (52.6% vs 
42.6%, p=0.0028).
Conclusion: ONWARDS 1 demonstrated the totality of glycaemic 
evidence of once-weekly icodec vs glargine U100, with significantly 
improved  HbA1c, more time spent in range and more participants 
achieving  HbA1c <7.0% without level 2 or 3 hypoglycaemia in inad-
equately controlled insulin-naïve type 2 diabetes, with low hypogly-
caemia rates in both arms.
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Disclosure: J. Rosenstock: Employment/Consultancy; Applied 
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Association of achieving time in range clinical targets among peo-
ple with type 1 diabetes treated with different insulin modalities
A.G. Ranjan, C. Laugesen, K.G. Tidemand, A. Green, C. Selmer, J. 
Svensson, H.U. Andersen, D. Vistisen, B. Carstensen, K. Nørgaard;
Steno Diabetes Center Copenhagen, Herlev, Denmark.

Background and aims: There is a lack of real-world data comparing 
CGM data across different insulin treatment modalities. This study 
examined the association between CGM-measured glycemic metrics 
and different insulin treatment modalities in a large type 1 diabetes 
clinic.
Materials and methods: Individuals with type 1 diabetes attending 
our Diabetes Center in Denmark, were eligible for inclusion if they 
had ≥20% (equal to 5.6 days) CGM data available within a four-week 
period within the past year. Participants were divided into four groups 
based on their insulin treatment: multiple daily injections (MDI +/- 
alarms), sensor unintegrated insulin pumps (SUP +/- alarms), sen-
sor-augmented insulin pumps (SAP), and automated insulin delivery 
(AID). The latest measured HbA1c and CGM were analyzed. Data are 
adjusted for sex, age and diabetes duration and are presented as odds 
ratio (OR) or mean with the 95% confidence interval (CI).
Results: Of 6,319 attendees, 3.041 met the inclusion criteria: 1.622 
with MDI, 504 with SUP, 354 with SAP, and 561 with AID. The 
proportion achieving more than 70% time in range 3.9-10 mmol/L 
was significantly higher among the AID group (OR: 10.5 [95% CI: 
7.85-14.1]) and SAP group (OR 2.7% [95% CI: 2.0-3.7]) compared 
with the MDI group without alarms. Similar significant differences 
were observed for less than 25% time above target range (AID: OR 
5.9 [95% CI, 4.5-7.8]. SAP: OR 1.8 [95% CI, 1.3-2.5]) and less than 
4% time below target range (AID: OR 5.3 [95% CI, 3.8-7,2]. SAP: OR 
3.2 [95% CI: 2.4-4.5). A detailed distribution of the time in range for 
the four different treatment groups are illustrated below. Compared 
to the MDI group without alarms, a significant lower mean HbA1c 
was found in the SAP (6.8 mmol/mol [95% CI: 4.9-8.7 mmol/mol]) 
and the AID group (9.3 mmol/mol [95% CI: 7.5-11.1 mmol/mol]).
Conclusion: The results suggest that AID was superior to all other 
insulin delivering systems with CGM. Although results may be 
affected by bias due to indication, the expansion of AID use to a 
wider type 1 population should be considered.
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784
Biphasic bolus meal management analysis
M. Louis, A. Adenis, H. Romero-Ugalde, S. Lachal, E. Huneker;
Diabeloop, Grenoble, France.

Background and aims: Meal management is one of the key compo-
nents of Automated Insulin Delivery system. In case of low glycemia 
at meal time, traditional one-shot meal bolus may lead to hypoglycemia 
before the digestion has progressed enough - even when the meal bolus 
includes a compensation term. To address this problem, DBLG1 han-
dles meals starting with low glycemia using biphasic boluses: a first 
part of the bolus is delivered at or just before meal time and the second 
part is delivered with a delay. The delay ranges from 30 minutes up 
to 1h15 minutes for non-fat meals (depending on the glycemia trend), 
and it ranges from 1h up to 1h45 minutes for high-fat meals. High-fat 
meals can be notified by the patient via the DBLG1 interface, and they 
are known to induce a longer and slower digestion on average, hence 
the longer delay in second bolus delivery. The goal of this abstract is 
to analyze the quality of this biphasic meal management.
Materials and methods: We use data from 500 patients - ran-
domly among those who gave their consent - equipped with 
DBLG1 System. We extract meal periods [meal time - 5 minutes, 
meal time + 175 minutes] such that the DBLG1 closed-loop was 
active, no manual bolus were used by the patient, no recommended 
bolus was modified by the patient and such that we have at least 
95% of data points within the period - one point every 5 minutes. 
This data consists of 271 910 meal periods in total, among which 
23% are treated using a biphasic bolus. For each of these biphasic 
bolus periods, we compute the Time in Range (TIR), % of time 
when the glycemia is within [70-180 mg/dL], the Time below 
Range (TBR), % of time when the glycemia is below 70 mg/dL, 

the Time above Range (TAR), % of time when the glycemia is 
above 180 mg/dL
Results: The results are shown on the attached table. The TAR for 
both types of meal is low: 2.45 % (resp. 1.24%), on average for non-fat 
meals (resp. high-fat meals). The TIR is also very high for both types 
of meals. It is in fact easier for meals which start with relatively low 
glycemia to remain below the hyperglycemia limit of 180 mg/dL. The 
TIR is particularly high for non-fat meals which were dealt with using 
a biphasic bolus.
Conclusion: The biphasic management of meals starting with low 
glycemia in DBLG1 System is effective: it places a strong limit 
on the rate of postprandial hypoglycemia, and achieves excellent 
TIR.

Disclosure: M. Louis: Employment/Consultancy; Diabeloop.

785
Characterisation of glucose-insulin regulation based on modelling 
of data obtained exclusively from continuous glucose monitoring 
systems in patients with type 2 diabetes
D. Herzig1, L.  Bally1, P. Des  Courtils2,3, T.  Castiglione2,3, A.  Jaun2;
1University Hospital Bern, Bern, Switzerland, 2Metadvice, St-
Sulpice, Switzerland, 3Ecole Polytechnique Fédérale de Lausanne, 
Lausanne, Switzerland.

Background and aims: Continuous glucose monitoring (CGM) pro-
vides a wealth of data for diagnostic and therapeutic decision-making 
in diabetes care. Current clinical treatment guidelines are based on 
standard time in range statistics. The goal of this study was to build 
a model, leveraging CGM data only, to characterize glucose-insulin 
regulation in patients with type 2 diabetes.
Materials and methods: Estimating the rate of oral glucose 
appearance from the peaks in the CGM response, a non-linear fit 
of Lotka-Volterra equations is used to estimate insulin-dependent 
and -independent glucose uptake by tissues, in parallel with the 
endogenous insulin production. The model was fitted to CGM data 
from 179 patients with Type 2 Diabetes on various glucose-lowering 
therapies.
Results: The results suggest that the model adequately captures glu-
cose trajectory in patients with Type 2 Diabetes (as illustrated in Fig-
ure 1), demonstrating the potential to indirectly quantify biomarkers 
that are otherwise not directly measurable. These biomarkers may 
improve the metabolic characterization of patients and personal-
ize the assessment of treatment response beyond a glucose-centric 
approach.
Conclusion: This study presents a novel approach to character-
izing glucose-insulin regulation in patients with Type 2 Diabetes 
using CGM data only. The method has the potential to provide 
valuable insights into hidden biomarkers and improve the assess-
ment of treatment responses, paving the way for more personalized 
diabetes management strategies. Future work will aim to validate a 
variety of models in terms of their ability to accurately reproduce 
physiological parameters in well calibrated clinical settings.
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Performance of simultaneously used real-time CGM versus inter-
mittently scanned CGM around exercise in type 1 diabetes: an 
exploratory analysis of the ULTRAFLEXI-1 study
O. Moser1,2, A. Müller2, F.  Aberer2,2, F.  Aziz2, H.  Kojzar2, C.  Sourij2, 
A.  Obermayer2, P.  Birnbaumer3, P.N.  Pferschy2, N.  Tripolt2, H.  Sourij2;
1University of Bayreuth, Graz, Austria, 2Medical University of Graz, 
Graz, Austria, 3University of Graz, Graz, Austria.

Background and aims: Continuous glucose monitoring (CGM) systems 
became important technologies to improve glycaemia and quality of life 
in people with type 1 diabetes (T1D). Notwithstanding, it has been shown 
that during high rates of glucose change like during exercise, sensor 
performance is deteriorating. To date, no simultaneous use compari-
sons are existing around exercise for real-time CGM (rtCGM; Dexcom 
G6, Dexcom, USA) vs. intermittently scanned CGM (isCGM; Libre 1, 
Abbott, USA). Therefore, we assessed the performance of these two 
CGM systems during exercise in adults with T1D when used in-parallel.
Materials and methods: In this exploratory analysis of the ULTRA-
FLEXI-1 study, 22 participants with T1D (8 females, age 42±11, BMI 
23.6±3.2 kg/m2,  HbA1c 7.6±0.8%; 59±9 mmol/mol) used both an 
rtCGM and an isCGM inserted at the back of the upper arm. In total, 528 
exercise sessions on a cycle ergometer with moderate intensity lasting 
for 60 min were conducted. In this analysis, values were included where 
rtCGM and at the same time isCGM values were available and compared 
against reference blood glucose measurements (EKF S-Line; EKF Diag-
nostics, GER). Data were assessed via Median Absolute Relative Differ-
ence (MedARD) and interquartile range and Clarke Error Grid (CEG).
Results: During pre- and post-exercise resting conditions (387com-
parison points), MedARD was 9.2% [4.2-17.8] for rtCGM and 9.1% 
[4.1-16.2] for isCGM. During exercise (4230 comparison points), the 
MedARD was found at 15.1% [7.6-24.4] for rtCGM vs. 12.2% [6.1-
20.1] for isCGM. Based on different glycaemic ranges, the following 
MedARD were found when comparing rtCGM vs. isCGM: below range 
(<70 mg/dL; 3.9 mmol/L) 40.0% [31.8-47.4] vs. 27.5% [17.8-35.4], in 
range (70-180 mg/dL; 3.9-10.0 mmol/L) 16.4% [8.5-25.0] vs. 13.1% 
[6.5-20.7] and above range (>180 mg/dL; 10.0 mmol/L) 9.4% [4.6-
15.3] vs. 8.3% [4.1-14.4]. The analysis of CEG is given in figure 1.
Conclusion: This explorative analysis including more than 500 exercise 
sessions revealed that rtCGM and isCGM devices had a similar sensor 
performance during resting conditions. However, for both devices, sen-
sor performance deteriorated during exercise, which further exacerbated 
during hypoglycaemia (<70 mg/dL). These data underpin the impor-
tance of considering trend arrows in addition to the actual absolute sen-
sor glucose value around exercise to lower the risk of hypoglycaemia.

Clinical Trial Registration Number: DRKS000180
Supported by: Sanofi; Austrian Science Fund (FWF), Dexcom
Disclosure: O. Moser: Employment/Consultancy; Sanofi, TAD 
Pharma. Grants; Sêr Cymru II COFUND Fellowship/European Union, 
Novo Nordisk A/S, Novo Nordisk AT, Abbott Diabetes Care, Sanofi, 
Dexcom, Team Novo Nordisk, SAIL, Maisels Brauerei, Medtronic AT, 
EFSD/EASD, BISp. Lecture/other fees; Medtronic AT, Medtronic Int., 
Eli Lilly, Novo Nordisk, Sanofi, TAD Pharma, ADA, Theras. Other; 
Travel support: Novo Nordisk A/S, Novo Nordisk AT, Novo Nordisk 
UK, Medtronic AT, Sanofi, EASD, OEDG, DDG.

787
Medico-economique approach to the implementation of contin-
uous glucose monitoring for patient hospitalised in a diabetes 
department
V.M. Pepe1, S.  Wisniewski1, F. Fall-Mostaine2, L.  Rakotoarisoa2, 
L.  Kessler2;
1Pharmacy-Sterilization Department, University Hospital of Stras-
bourg, Strasbourg, France, 2Endocrinology-Diabetes-Nutrition 
Department, University Hospital of Strasbourg, Strasbourg, France.

Background and aims: Continuous glucose monitoring (CGM) is 
recommended in hospitalized patients with diabetes. However, as 
the reimbursement of the in-hospital stay does not cover the costs 
of CGM, glucose monitoring is currently conducted with the less 
expensive, multi-day, blood glucose self-monitoring (BGSM). The 
objective is to compare CGM and BGSM in a conventional diabetes 
inpatient unit (14 beds) in terms of annual costs of medical devices 
(MD) and nursing time (NT).
Materials and methods: Test strips and lancets for BGSM, and glucose 
sensors, transmitters and receivers (installed on patients’ mobile phone) 
for CGM were accounted over one year. NT took into account 12 measure-
ments/day for BGSM; and the installation of one sensor/week for CGM. 
Moreover, for CGM, times needed for software loading, real-time access to 
blood glucose levels, activation of alarms at the patient’s bed, and transfer 
of glucose curves to ward files were accounted for NT computation.
Results: MD costs for BGSM were 10 180€/year: 2 208€ for lancets 
(0.036€/unit) and 7 972€ for strips (0.13€/unit). Costs for CGM were 29 
797€/year: 23 077€ for sensors (31.7€/unit) and 6 720€ for transmitters 
(480€/unit); there were no additional costs for receivers. NT was 2.8 
hours/patient/week for BGSM and 0.17 hours (10 min)/patient/week for 
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CGM. Saving nurse time with CGM was 2.63h/patient/week, which cor-
responded to 1 914.6h/year (52 weeks), or 1.19 full-time nurse equivalent 
(FTNE).
Conclusion: Compared to BGSM, inpatient CGM increases costs of MD 
by nearly 3-fold. However, in addition to the clinical benefit provided, 
CGM allows saving of NT (1.19 FTNE/year), which is particularly rel-
evant to free up nursing time for the education of patients with diabetes.
Disclosure: V.M. Pepe: None.

788
Clinical features of type 1 diabetes in older adults and impact of 
isCGM: association of British Clinical Diabetologist study
H. Deshmukh1, K.  Adeleke1, E.  Wilmot2, C.  Walton3, R.E.J.  Ryder4, 
T.  Sathyapalan1;
1University of Hull, Hull, UK, 2University of Nottingham, Notting-
ham, UK, 3Hull University Teaching Hospitals NHS Trust, Hull, UK, 
4City Hospital, Birmingham, UK.

Background and aims: The study evaluated the clinical features and 
impact of flash glucose monitoring in older adults with type 1 diabetes 
across Study Across Young-Old, Middle-Old, and Old-Old Age Groups.
Materials and methods: Clinicians were invited to submit anonymised 
isCGM user data to a secure web-based tool within the National Health 
services secure network. We collected baseline data before isCGM 
initiation, such as demographics, HbA1c values from the previous 12 
months, Gold score (for hypoglycaemia unawareness) and Diabetes Dis-
tress Screening scale (DDS2) score. For analysis, people with diabetes 
were classified as young-old (65-75y), middle-old (>75-85y) and old-
old (>85y). We compared the baseline clinical characteristics across 
the age categories using a t-test. All the analyses were done in R 4.1.2.
Results: The study involved 1208 people with diabetes (96% type 1 diabetes )
in the Young Old group, 401 in the Middle-Old group, and 33 in the Old-Old 
group. There were no significant differences in baseline HbA1c and DDS2 
among young-old, middle-old, and old-old age groups. However, significant 
differences were observed in the Gold score, which increased with age (3.185 
(±0.059) in young old vs 3.549 (±0.105) in middle-old vs 4.103 (±0.392) in 
old-old P-value<0.0001). Insulin pump use was higher in middle-old adults 
compared to young-old and old-old adults (P-value<0.001). With median 
isCGM use of 7 months, there was a significant improvement in HbA1c in 
young-old (P<0.001) but not in middle-old and old-old populations with T1D. 
Diabetes-related distress score (P<0.001) and Gold score (P<0.001) improved 
in young-old and middle-old people but not in the old-old population.
Conclusion: The study demonstrated significant differences in hypo-
glycaemia awareness and insulin pump use across the age groups of 
adults with T1D. The use of isCGM resulted in significant improvement 
in HbA1c and diabetes-related distress in younger age groups but not 
in the old-old population. These findings highlight the importance of 
considering age-specific factors when managing T1D in older adults.
Disclosure: H. Deshmukh: None.
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A review of GMI in a cohort of people with and without type 2 
diabetes not on insulin: Does HIV serostatus influence the result?
H. Daultrey1, T.  Levett1, J.  Wright2, N.  Oliver3, A.J.  Chakera1;
1Brighton and Sussex Medical School, Brighton, UK, 2University of Sur-
rey, Guildford, UK, 3Faculty of Medicine, Department of Metabolism, 
Digestion and Reproduction, Imperial College London, London, UK.

Background and aims: Glucose management indicator (GMI) is now 
widely used within clinical practice as a surrogate to HbA1c in individu-
als using continuous glucose monitors (CGM). GMI is calculated using a 

formula derived from a regression analysis of HbA1c against CGM mean 
sensor glucose pooled from 4 randomised controlled trials, where the mean 
HbA1c was 61.7mmol/mol. GMI is reported to overestimate HbA1c in 
individuals with lower levels of glycaemia, prompting recommendations for 
GMI to be re-assessed in this group. Metabolic complications are reported 
in people living with HIV (PLWH). There are reports that HbA1c underes-
timates glycaemia in PLWH. There are no published CGM data exploring 
glucose profiles in PLWH. We aimed to assess if HIV serostatus influenced 
the relationship between HbA1c and CGM mean sensor glucose in a cohort 
of people with and without type 2 diabetes (T2DM). Our next aim was to 
describe GMI within this cohort, in relation to the reference GMI equation.
Materials and methods: PLWH with and without T2DM (not on Insu-
lin) and age and sex matched participants without HIV were recruited. 
Each participant wore a Dexcom G6 for up to 10 days and had HbA1c 
and markers of red cell turnover measured. Exclusion criteria included 
factors affecting HbA1c. Linear regression was used to assess the influ-
ence of HIV on the relationship between HbA1c and CGM mean glu-
cose, including additional predictor variables used in previous studies 
exploring HbA1c. GMI formula was calculated for the cohort and plot-
ted against the GMI reference equation.
Results: We recruited 108 participants (91% male, mean age 56.9 
years (±9.9)). This included 48(44%) participants with T2DM, 
60(55%) PLWH (100% undetectable viral load). Median (IQR): HbA1c 
42.5mmol/mol (37-54.8); CGM glucose 7mmol/l (6.2-8.7); % CGM 
wearing 99.7% (95.6-100), CV 19% (16-22). Regression analysis found 
HIV serostatus did not have a significant influence on the relationship 
between CGM mean sensor glucose and HbA1c. The figure displays 
a scatter plot, with a regression line representing the GMI formula for 
the cohort. The regression line runs parallel to the GMI reference line, 
the intercept is 1.7mmol/mol lower than the reference.
Conclusion: This cohort included participants with lower levels of 
glycaemia compared to the cohort used to generate GMI and 55% 
participants were living with HIV. Despite these differences, the GMI 
formula is similar. In keeping with previous reports, GMI does over-
estimate HbA1c but not by a clinically significant degree and HIV 
serostatus should not be a consideration when interpreting GMI.

Supported by: Dexcom awarded the continuous glucose monitors for 
this study
Disclosure: H. Daultrey: None.
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Impact of circadian rhythm parameters on type 1 diabetes control
N. Marhefková1,2, M. Lejnarová3, M.  Kahle3, S.  Kalina4, J.  Svoboda4, 
R.  Roland5, M. Sládek6, A. Sumová6, M. Dubský1,2;
1Diabetes Centre, Institute for Clinical and Experimental Medicine, 
Prague, Czech Republic, 2First Faculty of Medicine Charles University, 
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Prague, Czech Republic, 3Department of Statistics, Institute for Clinical 
and Experimental Medicine, Prague, Czech Republic, 4Department of 
Technology, Institute for Clinical and Experimental Medicine, Prague, 
Czech Republic, 5Cardiac Centre, Institute for Clinical and Experi-
mental Medicine, Prague, Czech Republic, 6Laboratory of Biological 
Rhythms, Institute of Physiology, the Czech Academy of Sciences, 
Prague, Czech Republic.

Background and aims: Circadian rhythms, which run with a period close 
to 24 h, are driven by an internal clock in the brain that responds to the 
light/dark changes in our environment. This regulation results in daily 
alternating states of alertness and sleepiness. An irregular circadian rhythm 
with poor sleep habits has been proven to be a potential risk factor for type 
2 diabetes mellitus, whereas it is not fully explored how poor sleep hygiene 
affects type 1 diabetes mellitus (T1DM) control and its complications. 
Therefore, the aim of our study was to research whether sleep deprivation 
or misaligned sleep patterns correlate with key T1DM parameters.
Materials and methods: A total of 383 patients with T1DM, 
mean age 46.8 years, mean diabetes duration 25.1 years com-
pleted The Munich ChronoType Questionnaire (MCTQ). The 
MCTQ provides information on social jetlag - it refers to a dis-
crepancy between sleep time on weekdays and weekends. We 
excluded shift workers or individuals who were travelling during 
the observation period. All patients were prospectively recruited 
from the diabetes outpatient clinic, and all used effective glucose 
monitoring via a subcutaneously implantable sensor device. The 
mean HbA1c was 53.7 mmol/mol and the mean time in range 
(TIR) was 69.4%. Data from the MCTQ questionnaire were used 
to calculate social jetlag as the difference between the MSF (mid 
sleep phase on free days) and the MSW (mid sleep phase on work 
days). MSF on free days were normalized to age- and sex-cor-
rected MSFsasc (“normalized chronotype,” a hypothetical chrono-
type at age 30). Subjects from the lowest and highest MSFsasc 
deciles were categorized as “Extremely early” and “Extremely 
late” chronotypes (extremes), respectively, and the remainder 
were categorized as “Non-extreme” chronotype, which included 
slightly early, intermediate, and slightly late chronotypes. Spear-
man’s nonparametric correlation coefficients were calculated for 
assessing associations between continuous variables and T-test 
or ANOVA with Tukey’s post-hoc multiple comparison test for 
assessing associations between categorical variables and continu-
ous variables.
Results: Chronotype and social jetlag did not differ depending on 
gender. In addition, both chronotype and social jetlag showed no sig-
nificant correlation with HbA1c and TIR (defined as glycaemia 3.9-10 
mmol/l). Shorter total sleep duration showed a slightly higher inci-
dence of albuminuria (r=-0.19, p=0.019). Extremely early chronotype 
was associated with worse mean TIR (compared by ANOVA and 
Tukey test, p=0.029) and worse mean time above glycaemia 13.9 
mmol/l compared to normal chronotype (p=0.037).
Conclusion: Our study showed that the sleep duration was associated 
with both T1DM control and albuminuria. Chronotype or social jetlag 
did not significantly correlate with the control of T1DM. In the future, 
we aim to provide insight into further results from larger sample of 
subjects with worse glycaemic control.
Supported by: the project CarDia (Programme EXCELES, Project 
No. LX22NPO5104) - Funded by the European Union - Next Gen-
eration EU
Disclosure: N. Marhefková: None.
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Plasma agouti-related protein concentrations are decreased in 
individuals with impaired awareness of hypoglycaemia
R. Varkevisser1, A.  Petrera2, S.M.  Hauck2, D.  Mul3, H.-J.  Aanstoot3, 
B.H.R.  Wolffenbuttel1, M.M. van der  Klauw1;
1University Medical Center Groningen, Groningen, Netherlands, 
2Metabolomics and Proteomics Core, Helmholtz Zentrum München, 
Neuherberg, Germany, 3Diabeter, Rotterdam, Netherlands.

Background and aims: Individuals with type 1 diabetes may develop 
impaired awareness of hypoglycaemia (IAH). This is a complication 
characterized by a reduction or loss of hypoglycaemic symptoms. 
Adaptations in the central and/or damage in the peripheral nervous 
system likely contribute to the pathophysiology of IAH. In this study, 
a non-hypothesis driven proteomics analysis approach was used to 
investigate any potential pathophysiological pathways in IAH.
Materials and methods: A nested-case control study was conducted using 
individuals participating in the Dutch Type 1 Diabetes Biomarker study. 
Individuals of Western European descent were included if they had com-
pleted the Dutch Clarke questionnaire and had a diabetes duration of greater 
than 10 years. Exclusion criteria was the presence of clinical cardiovascular 
disease. Targeted proteomics analysis was conducted using the Olink® tar-
get 96 Cardiovascular II panel (Uppsala, Sweden). Individuals with IAH 
were compared to age- and sex-matched controls. Statistical analyses were 
conducted using the OlinkAnalyze package in R. Differential expression of 
normalised protein expression (NPX) were statistically assessed with t-tests 
for univariate analyses and using linear regression in multivariate analyses.
Results: The plasma protein from 67 individuals with IAH were compared 
to 108 individuals without IAH. Median age and diabetes duration were 44 
years and 23 years, respectively. Mean HbA1c was 60mmol/mol (7.6%). 
In total, 162 samples and 92 proteins passed quality control and were ana-
lysed. In the univariate analysis, agouti-related peptide (AGRP) concen-
tration was significantly lower in the IAH vs controls (6.12 NPX vs 6.44 
NPX, FDR adjusted P = 0.013). In multivariate models adjusted for sex 
and diabetes duration, AGRP remained significant before p-value adjust-
ment (p=0.000697), however, was not significant when adjusted for FDR.
Conclusion: AGRP is secreted in the arcuate nucleus and the adrenal 
gland. In addition to the orexigenic effects, AGRP plays a role in hypotha-
lamic pituitary adrenal (HPA) axis stimulation. AGRP secreting neurons in 
the arcuate nucleus can stimulate the HPA-axis through the paraventricular 
hypothalamus (PVH). Previous studies have hypothesized that glucose-
sensing neurons are present in the PVH and ARC, which may further 
establish the importance of this pathway in the pathophysiology of IAH.
Supported by: JDRF, DFN, FoDF
Disclosure: R. Varkevisser: Grants; Juvenile DIabetes Research 
Foundation, DiabetesFonds NL, Friends of Diabeter Foundation.

792
Glycaemic overtreatment, severe hypoglycaemia and all-cause 
mortality in old adults with type 2 diabetes
Y.-T. Chiu1,2, S.-C.  Liu3,4, C.-C.  Lee3,4, C.-C.  Chen1,5;
1Department of Medicine, China Medical University Hospital, Tai-
chung, Taiwan, 2Department of Medicine, China Medical University, 
Taichung, Taiwan, 3Department of Medicine, Mackay Memorial Hos-
pital, Taipei, Taiwan, 4Department of Medicine, Mackay Medical 
College, New Taipei City, Taiwan, 5School of Chinese Medicine, 
China Medical University, Taichung, Taiwan.

Background and aims: Intensive glycemic control can poten-
tially increase the risk of hypoglycemia especially using glinides, 
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sulfonylureas and/or insulin in elderly persons with multiple chronic 
diseases. This study aimed to evaluate the impact of glycemic over-
treatment on severe hypoglycemia and all-causes mortality among 
old adults with type 2 diabetes mellitus (T2DM).
Materials and methods: Participants were T2DM, age ≥65 years old, 
being treated with glinides, sulfonylureas and/or insulin in 2006, 2011, and 
2016. Glycemic overtreatment was defined as healthy patients with HbA1c 
<6.5%, intermediate health with HbA1c <7.0%, and poor health with 
HbA1c <7.5%. Severe hypoglycemia was ≥ 1 hypoglycemic hospitalization 
or emergency department visit after index HbA1c within one year. All-cause 
mortality was death after index HbA1c within one year. The Student’s t test 
and the chi-square test were used to compare continuous and categorical 
variables, respectively. Hazard ratios (HRs) for severe hypoglycemia and 
all-cause mortality within one year were estimated using Cox proportional 
hazard models. A proportional hazards model for the subdistribution of a 
competing risk was used to weigh competing risk of death with severe hypo-
glycemia. The time-dependent Cox proportional hazard model was used to 
evaluate the association of severe hypoglycemia with all-cause mortality.
Results: A total of 30,195 patients were included (mean age 73±6.5 
years), of whom 8,671 (28.7%) patients was overtreated. Higher pro-
portion of patients developed severe hypoglycemia in overtreated 
patients (5.3% vs 3.1%, P<0.001). The hypoglycemic risk (HR) of 
overtreated patients was 1.25 [1.04- 1.51], P=0.020. More patients 
died in overtreated patients (10.8% vs 5.8%, P<0.001). The all-cause 
mortality risk (HR) of overtreated patients was 1.14 [1.00- 1.31], 
P=0.055. The effect of severe hypoglycemia within 30 days on all-
cause mortality within 1 year (HR) was 3.64 [2.50- 5.29], P<0.001.
Conclusion: Glycemic overtreatment is harmful to old patients with 
T2DM, with higher hypoglycemic and all-cause mortality risk. Individual-
ized goal of glycemic target needs to be emphasized in our clinical practice.
Supported by: China Medical University Hospital, Taiwan
Disclosure: Y. Chiu: Grants; This study is supported by a grant from 
the China Medical University Hospital, Taiwan (DMR-110-039).

793
Factors associated with symptomatic hypoglycaemia are different 
from those for CGM hypoglycaemia in people living with type 1 
diabetes: the Hypo-METRICS study
P. Divilly1, Z.  Mahmoudi1, G. Martine-Edith1, N.  Zaremba1, B. de 
 Galan2, U. Pedersen-Bjergaard3, R.  McCrimmon4, E.  Renard5, S.  Heller6, 
M.  Evans7, J.  Mader8, J.  Speight9, S.  Amiel1, F.  Pouwer10, P.  Choudhary1;
1Diabetes Research Group, Denmark Hill, Kings College London, Lon-
don, UK, 2Radboud university medical centre, Nijmegen, Netherlands, 
3Department of Endocrinology and Nephrology, Nordsjællands Hospital 
Hillerød, Hillerød, Denmark, 4Systems Medicine, University of Dundee, 
Dundee, UK, 5Department of Endocrinology, Montpellier University 
Hospital, Montpellier, France, 6University of Sheffield, Sheffield, UK, 
7University of Cambridge, Cambridge, UK, 8Division of Endocrinology 
and Diabetology, Medical University of Graz, Graz, Austria, 9School 
of Psychology, Deakin University, Geelong, Australia, 10Department of 
Psychology, University of Southern Denmark, Odense, Denmark.

Background and aims: The Hypo-METRICS study, looking at the 
impact of symptomatic and asymptomatic hypoglycaemia on people 
living with diabetes, has previously shown that over 2/3rds of sen-
sor detected hypoglycaemia (SDH) is asymptomatic and that many 
episodes of symptomatic hypoglycaemia have no corresponding low 
sensor glucose. We investigated the hypothesis that variables associ-
ated with SDH and symptomatic hypoglycaemia may be different in 
people living with type 1 diabetes (T1D).
Materials and methods: This analysis included 185 T1D, who reported 
≥1 hypoglycaemic episode in the last 3 months. Users of automated insu-
lin delivery systems were excluded. Participants wore blinded continuous 
glucose monitoring (CGM), in addition to their usual form of monitoring, 

and recorded symptoms of hypoglycaemia on the Hypo-METRICS app for 
10 weeks. We defined SDH in accordance with the ATTD consensus. Vari-
ables selected were tested for collinearity. Using backwards elimination for 
repeated generalised regression models, significant variables were selected 
for final models of SDH <3.9mmol/l and symptomatic hypoglycaemia.
Results: Participants had a median (IQR) age 49 (33, 60) years, HbA1c of 
7.4 (6.8, 7.9) %, 23% had impaired awareness of hypoglycaemia, 51% were 
female and 71% used CGM (Flash or real time). Factors associated with 
greater rate of SDH <3.9 mmol/l were higher time in range (TIR) [Incidence 
Rate Ratio, IRR: 1.03 (95% confidence interval, Cl: 1.02-1.03); P <0.001]; 
higher coefficient of glucose variance (CoV) [IRR: 1.08 (Cl: 1.07-1.09); P < 
0.001]; proportion of time with rate of glucose fall > 0.1 mmol/l/min[IRR: 2.1 
(Cl: 1.05-4.21); P = 0.027]) and weekly rate of symptomatic hypoglycaemia 
[IRR: 1.03 (Cl: 1.01-1.05); P =0.002]. Factors associated with greater rate 
of symptomatic hypoglycaemia included higher TIR [IRR: 1.02 (Cl:1.00-
1.03); P =0.005], higher CoV [IRR: 1.04 (Cl:1.01-1.07); P =0.009], intact 
awareness of hypoglycaemia (GOLD score<4) [IRR: 1.54 (Cl:1.2-1.96); P 
<0.001], use of CGM [IRR: 1.48 (Cl:1.17-1.86); P <0.001], insulin pump use 
[IRR: 1.35 (Cl:1.1-1.67); P =0.005], higher Generalised Anxiety Disorder-7 
scores [IRR: 1.03 (Cl:1.01-1.05); P =0.019] and higher weekly rates of SDH 
<3.9 mmol/l [IRR: 1.05 (Cl:1.01-1.08); P =0.009].
Conclusion: We report important differences in biopsychosocial vari-
ables associated with SDH and symptomatic hypoglycaemia although 
both were associated with higher TIR and CoV. Possible drivers of 
the association of symptomatic, but not SDH with higher technology 
use and higher anxiety levels may include selection bias and impact 
of experienced hypoglycaemia respectively.
Clinical Trial Registration Number: NCT04304963
Supported by: Innovative Medicines Initiative 2 Joint Undertaking
Disclosure: P. Divilly: None.

794
How well does sensor-detected hypoglycaemia from short-dura-
tion CGM reflect person-reported hypoglycaemia?
P.M. Baumann1, M.  Cigler1, D.  Kuznetsov2, M.  Rosilio3, D.  Hochfellner1, 
M.  Ibberson2, S.A.  Amiel4, S.  Heller5, M.-A.  Gall6, B. de  Galan7, T.R. 
 Pieber1, P.  Choudhary8,4, J.K.  Mader1, Hypo-RESOLVE Consortium;
1Medical University of Graz, Graz, Austria, 2SIB Swiss Institute of 
Bioinformatics, Lausanne, Switzerland, 3Lilly France, Neuilly-sur-
Seine Cedex, France, 4King’s College, London, UK, 5The University 
of Sheffield, Sheffield, UK, 6Novo Nordisk A/S, Soeborg, Denmark, 
7Radboud University Medical Center, Nijmegen, Netherlands, 8Uni-
versity of Leicester, Leicester, UK.

Background and aims: CGM can detect asymptomatic hypogly-
caemia (e.g. during sleep or when awareness of hypoglycaemia is 
impaired), but so far study data are often used only to determine 
times in different ranges. To explore the association between sen-
sor-detected hypoglycaemic episode (SDH) as discrete events and 
patient-reported hypoglycaemia (PRH), we used harmonized data 
from the Hypo-RESOLVE database where CGM and PRH were 
collected at the same time. We focussed on studies with protocols 
for short-duration CGM use (1-14 days on average) as it is common 
for clinical trials in diabetes to only utilize CGM for brief periods.
Materials and methods: We identified data from 15 studies 
in the Hypo-RESOLVE database with a total of 2131 persons - 
762/35.8% type 1 diabetes (T1D), 1369/64.2% T2D - who used 
CGM for median (Q1-Q3) 9.4 (6.0-17.8) days. SDH was defined 
as per ATTD guidance as at least 15 minutes below 3.9 mmol/l that 
finishes when at least 15 minutes are spent ≥3.9 mmol/l. We calcu-
lated weekly rates of SDH and PRH per person and determined if 
a PRH was reported within +/-60 minutes of any SDH. We fitted a 
linear random-slope model to PRH rates to determine association 
with SDH rates, controlling for age, sex and diabetes type.
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Results: 11960 PRH and 19741 SDH were identified. 6427 (35.1% of SDH 
and 57.9% of PRH) were temporally matched (within +/- 60 minutes). 
Overall median (Q1-Q3) weekly rate was 1.2 (0.0-3.5) for PRH and 3.7 
(1.3-7.2) for SDH. Rates were higher in T1D (PRH: 3.9 (2.0-6.0), SDH: 7.4 
(4.4-10.6)) than in T2D (PRH 0.3 (0.0-1.7), SDH: 2.2 (0.6-4.8)). The ran-
dom-slope model predicted 0.37 PRH/week (p<0.001) per one SDH/week 
and explained 55.6% of the total variation in PRH with SDH rate being 
the most influential variable. ICC in the null model was 37%, indicating 
that over a third of the variance in PRH rates was due to study differences. 
These differences were partly reflected by the random slopes in the full 
model which also revealed a stronger association for T1D than T2D (Fig. 1).
Conclusion: Our pooled analysis shows that two thirds of SDH are asymp-
tomatic across this large population and only about half of PRH are asso-
ciated with biochemical evidence of hypoglycaemia. The random-slope 
model showed a similar association and allowed us to detect variation in 
effect size between the studies in our pooled sample. Because, despite the 
variation across studies, there is still a significant overall effect, our results 
are an important step to developing a formula by which PRH rates could be 
predicted by short-duration CGM data collected in clinical trials.

Supported by: IMI2 777460

Disclosure: P.M. Baumann: Grants; "This project has received fund-
ing from the Innovative Medicines Initiative 2 Joint Undertaking (JU) 
under grant agreement No 777460. The JU receives support from the 
European Union’s Horizon 2020 res.
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Recurrent hypoglycaemia induces pro-inflammatory priming of 
BMDMs and promotes vascular dysfunction in a mouse model of 
type 2 diabetes and CVD
C. Forteath1, A.D.  McNeilly1, J.  Kerr1, J.  Deyell1, J.  Gallagher1, A. 
 Iqbal2, M.F.  Arshad2, R.  Stienstra3, M.L.  Evans4, B.  Thorens5, U. 
Pederson-Bjergaard6, B.E. de  Galan7, R.J.  McCrimmon1, HypoRE-
SOLVE Constortium;
1University of Dundee, Dundee, UK, 2University of Sheffield, Shef-
field, UK, 3Radboud University, Nijmegen, Netherlands, 4University 
of Cambridge, Cambridge, UK, 5University of Lausanne, Lausanne, 
Switzerland, 6University of Copenhagen, Copenhagen, Denmark, 
7University of Radboud, Nijmegen, Netherlands.

Background and aims: In type 2 diabetes (T2DM) several large 
RCTs have suggested a link between recurrent hypoglycaemia (RH) 
and worse cardiovascular outcomes. We sought to explore potential 
mechanisms through which RH might affect vascular function in dia-
betes, including investigating the impact of RH on the immune system.
Materials and methods: Male ApoE-deficient mice (n=13-15 per 
group, aged 12 weeks) were rendered hyperglycaemic using high-fat 
feeding (45% fat) for 14 weeks, followed by 5 repeated low-dose strep-
tozotocin injections (50mg/kg in citrate buffer, pH4.5, i.p) to model 
T2DM and CVD. Hyperglycaemic mice were then randomized into 
two groups and subjected to 12 episodes of exogenous insulin-induced 
moderate hypoglycaemia (s.c injection, 3x weekly for 4 weeks, tar-
get glucose 2.8mmol/l) (RH) or volume matched saline (RS). In vivo 
assessment of microvascular endothelial and vascular smooth muscle 
cell (VSMC) function was measured using Laser Doppler Imaging 
and iontophoresis of vasoactive compounds (Phenylephrine (PE), 
Acetylcholine (ACh) and Sodium Nitroprusside (SNP)). Bone Mar-
row Derived Macrophages (BMDMs) were differentiated from bone 
marrow that was harvested at sacrifice before in vitro exposure to 
lipopolysaccharide (LPS). Macrophage inflammatory response (n=3 
per group) was tested by assessment of pro-inflammatory gene expres-
sion (RT-qPCR) and cytokine secretion (MSD V-Plex Assay). Statisti-
cal analyses were performed using GraphPad Prism version 9 by Two-
way ANOVA and Tukey post hoc (in vitro) and Welch’s T-test (in vivo).
Results: Exposure to RH impaired microvascular responsiveness to both 
the vasoconstrictor PE (RH vs RS, p<0.05) and the endothelial independent 
vasodilator SNP (RH vs RS, p<0.05). Endothelial dependent vasodilation 
was unchanged between groups (ACh mediated vasodilation, p=0.75), sug-
gesting that RH induced microvascular dysfunction occurs at the level of 
the VSMC. Vascular dysfunction and RH were associated with increased 
pro-inflammatory gene expression in BMDMs exposed to LPS from RH 
treated animals compared to RS (NFKBIA gene expression 4 hours post 
LPS RH vs RS, p<0.05). Additionally, increased NFKBIA gene expression 
was associated with significantly elevated pro-inflammatory cytokine secre-
tion from RH BMDMs over 24hrs post LPS which was not observed in the 
RS group (culture media cytokine content (pg/ml) at 0hrs vs 24hrs, RH vs 
RS: IL-1β p<0.05 vs p>0.9, IL-6 P=0.061 vs p=0.33, TNFα p<0.01 vs 
p=0.194, IL-12p70 p<0.0001 vs p=0.89, KG/GRO p<0.0001 vs p=0.24).
Conclusion: Recurrent hypoglycaemia induces microvascular dysfunc-
tion at the level of the VSMC in rodents with T2DM and CVD. This 
is associated with an elevated pro-inflammatory response to LPS in 
BMDMs from these animals, suggesting an immune priming effect 
of RH in vivo. These data highlight the importance of understanding 
the mechanisms by which RH primes immune function and how this 
could be targeted to reduce cardiovascular risk in people with diabetes.
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Metabolic adaptations of a hypothalamic neuronal cell line, mHy-
poA-2/21, in response to recurrent hypoglycaemia
H.J. Merchant, M.J. Ashford, R.J. McCrimmon, A.D. McNeilly;
Systems Medicine, Medical School, University of Dundee, Dundee, 
UK.

Background and aims: The hypothalamus is known for its role in 
glucose-sensing and energy homeostasis. Within the hypothalamus, a 
subset of neurons exist which alter their activity in response to changes 
in glucose concentrations. Glucose uptake and utilisation for generation 
of ATP are essential for activation of these neurons. Hypoglycaemia 
is a common aftereffect of insulin administration in type 1 diabetes. 
Recurrent hypoglycaemia (RH), results in progressive loss of the coun-
terregulatory response (CRR) to hypoglycaemia, putting individuals 
at higher risk of severe hypoglycaemia and development of impaired 
awareness of hypoglycaemia (IAH). This project aimed to investigate 
neuronal metabolic adaptations which may occur in response to RH.
Materials and methods: mHypoA-2/21 cells were treated with six, three-
hour episodes of 0.1mM or 5mM glucose over four consecutive days. 
Cellular metabolism was measured using a Seahorse XFe24 analyser. 
Effect of treatment on the transcriptome was conducted using RNA-seq.
Results: At euglycaemia, RH treated cells had significantly increased 
basal oxidative phosphorylation (p=0.014, N=4 (n=20)) compared 
to control cells after 24-hour recovery but not after 3-hour recovery 
(p=0.377, N=4 (n=20)). 109 differentially expressed genes (DEGs) were 
detected by RNA-seq. Further functional analysis identified clusters of 
GO terms related to translation and mitochondrial respiration as sig-
nificantly enriched. Genes related to mitochondrial respiration mt-ND1, 
mt-ND2, mt-ND4 and mt-ND5, mt-Co1 were significantly downregulated 
(p=0.001047, p=0.01847, p=0.037329, p=0.000176 and p=0.000316) in 
response to treatment. Atp5o was significantly upregulated (p=0.03204).
Conclusion: At euglycaemia, 24 hours after the final hypoglycaemic 
event, RH caused increased basal metabolism and induced decreased 
expression of mitochondrial NADH dehydrogenases. Together, these 
data may imply an increased capacity to utilise glucose under eugly-
caemic conditions after RH. Whether this adaptation remains under 
hypo- or hyper-glycaemia remains to be elucidated.
Supported by: This project has received funding from the Innovative 
Medicines Initiative 2 Joint Undertaking (JU) under grant agreement 
No 777460.
Disclosure: H.J. Merchant: None.
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Concordance between self-reported measures of glycaemic con-
trol and hypoglycaemia with continuous glucose monitoring trac-
ing data among adults with type 1 diabetes
L. Laffel1, K.  Hagan2, L.  Titievsky2, K.  Chandarana2, J.  Gaglia2,3, T. 
 Liu2, J.  Bispham4, K.  Chapman4, D.  Finan4, J.  Liu4, H.  Nguyen4, W. 
 Wolf4, R.  Bergenstal5;
1Pediatric, Adolescent & Young Adult Section, Joslin Diabetes 
Center, Harvard Medical School, Boston, MA, USA, 2Vertex Phar-
maceuticals Incorporated, Boston, MA, USA, 3Joslin Diabetes Center, 
Harvard Medical School, Boston, MA, USA, 4T1D Exchange, Boston, 
MA, USA, 5International Diabetes Center, HealthPartners Institute, 
Minneapolis, MN, USA.

Background and aims: While glycemic control and hypoglyce-
mia among individuals with type 1 diabetes (T1D) can be collected 

through various methods (e.g., patient self-report, continuous glucose 
monitors [CGM]), limited studies of large real-world populations 
have assessed the degree of concordance between these measures.
Materials and methods: An online survey was fielded to adults with 
T1D (≥18 years [y]) from the T1D Exchange Registry or online com-
munities, where ~50% of participants also contributed up to 1 year of 
CGM tracing data. Participants were asked to self-report their most 
recent HbA1c, the number of severe hypoglycemic events experienced 
over the past year (participant reported severe hypoglycemia [PRSH]), 
as well as impaired awareness of hypoglycemia (IAH), based on modi-
fied Gold’s score. Glucose management indicator (GMI), coefficient of 
variation (CV), number of prolonged level-2 hypoglycemic events (sen-
sor detected prolonged hypoglycemia [SDPH], defined as glucose <54 
mg/dL for ≥120 minutes), and time below range (TBR) were derived 
from CGM data.
Results: Individuals with survey and CGM data (N=926) had a 
mean age of 42 y and T1D duration of 25 y; 73% were female, 
96% white; 94% had used CGM for ≥1 year. Overall, 70% of par-
ticipants had concordant PRSH and SDPH (i.e., 0 PRSH/0 SDPH 
or ≥ 1 PRSH/≥1 SDPH); 18% had 0 PRSH/≥1 SDPH; 12% had ≥ 
1 PRSH/0 SDPH. The concordance appeared to be greater in par-
ticipants without IAH (74%) compared with participants with IAH 
(64%), due to greater number of participants with 0 PRSH/0 SDPH 
in those without IAH. Participants with a greater number of PRSH 
were less likely to meet TBR and CV targets (i.e., <4% time glu-
cose <70mg/dL, <1% time glucose <54mg/dL, CV≤36%). Overall, 
there was a high correlation (p=0.79) between self-reported HbA1c 
and GMI. However, participants with discordant HbA1c and GMI 
(i.e., absolute value of difference between HbA1c and GMI ≥0.5%) 
were more likely to have PRSH and less likely to meet CV targets.
Conclusion: Overall, self-reported survey data and metrics derived from 
CGM tracing data were comparable in this real-world sample. However, 
important information could be missed if only one type of data is col-
lected. Specifically, an appreciable proportion of participants had a pro-
longed hypoglycemic event captured by CGM that was not self-reported, 
and participants with discordant HbA1c and GMI were more likely to 
report hypoglycemia and less likely to meet CV targets. Self-reported 
data and CGM data provide complementary information, and it may be 
important to capture both to fully understand the T1D patient experience.
Supported by: Vertex Pharmaceuticals
Disclosure: L. Laffel: Employment/Consultancy; Consulting with 
Vertex Pharmaceuticals Incorportated.

798
Quantifying intensity of hypoglycaemia symptoms by diabe-
tes type and hypoglycaemia awareness status: results from the 
Hypo-METRICS study
G. Martine-Edith1, P.  Divilly1, N.  Zaremba1, U. Søholm2,3, M. 
 Broadley3, P.  Baumann4, B. de  Galan5, R.J.  McCrimmon6, M. 
 Evans7, J.K.  Mader4, S.A.  Amiel1, J.  Speight3,8, F.  Pouwer3,8, P. 
 Choudhary1,9, for the Hypo-RESOLVE Consortium;
1King’s College London, London, UK, 2Novo Nordisk A/S, Søborg, 
Denmark, 3University of Southern Denmark, Odense, Denmark, 
4Medical University of Graz, Graz, Austria, 5Radboud University 
Medical Centre, Nijmegen, Netherlands, 6University of Dundee, 
Dundee, UK, 7University of Cambridge, Cambridge, UK, 8Deakin 
University, Geelong, Australia, 9University of Leicester, Leicester, 
UK.

Background and aims: There are both intra- and inter-individual dif-
ferences in the experience of hypoglycaemia symptoms among adults 
living with diabetes. However, there has been no method for them to 
report and quantify these experiences in daily life in real-time. The 
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novel Hypo-METRICS app addresses this gap. Our aim was to exam-
ine the relationships between diabetes type, hypoglycaemia awareness 
and hypoglycaemia symptom intensity.
Materials and methods: In the 10-week Hypo-METRICS study, par-
ticipants with type 1 (T1D) and insulin-treated type 2 diabetes (T2D) 
used the Hypo-METRICS app to report hypoglycaemia episodes at, 
or near, the time of each episode. Participants could record 8 symp-
toms (e.g., confusion, headache, sweating) at 5 intensity levels (not 
at all, a little bit, somewhat, quite a bit and very much) and 4 self-
measured glucose ranges (<2 mmol/L, 2-2.9mmol/L, 3-3.9mmol/L 
and >3.9mmol/L). Participants were grouped by diabetes type (T1D 
or T2D) as having intact awareness of hypoglycaemia (NAH, Gold 
score<4) or impaired awareness of hypoglycaemia (IAH, Gold 
score≥4): T1D NAH, T1D IAH, T2D NAH and T2D IAH. We used 
mixed-effects ordinal logistic regression to model the associations 
between diabetes type, hypoglycaemia awareness status and symptom 
intensity.
Results: Of 525 participants (38% T1D NAH, 10% T1D IAH, 39% 
T2D NAH, 12% T2D IAH), 45% were women, 59% were using Flash/
continuous glucose monitoring and median(IQR) age and diabetes 
duration were 56(44-66) and 19(10-27) years. They reported 8,976 
symptomatic hypoglycaemic episodes. Adjusting for glucose monitor-
ing method, mode of insulin delivery, diabetes duration and glucose 
range, adults with T2D NAH had at least twice the odds of reporting 
greater intensity of sweating, shaking, difficulties in movement and 
coordination and headache than those with T1D NAH (Figure 1a). 
Within diabetes type, adults with T1D IAH had half the odds of 
reporting greater intensity of hunger than those with T1D NAH (Fig-
ure 1b). Likewise, adults with T2D IAH had lower odds of reporting 
greater intensity of sweating and shaking than those with T2D NAH 
(Figure 1c).
Conclusion: We conclude that the novel Hypo-METRICS app may be 
useful in research and clinical practice, as it detects quantitative dif-
ferences in daily-life hypoglycaemia experiences (both intensity and 
range of symptoms) reported in real-time and is sensitive to differences 
by diabetes type and by hypoglycaemia awareness status within type.

Clinical Trial Registration Number: NCT04304963
Supported by: IMI
Disclosure: G. Martine-Edith: Employment/Consultancy; Novo 
Nordisk.
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Treatment satisfaction, patient enablement, and self-rated health 
among adults with type 1 diabetes changing from finger prick 
to CGM
L.B.H. Pedersen1, N.D.  Ryg2,1, M.S.  Aaskoven3, C.B.  Juhl2,1, K. 
 Schousboe1;
1Steno Diabetes Center Odense, Odense, Denmark, 2Medical Depart-
ment, Endocrinology, Hospital South West Jutland, Esbjerg, Den-
mark, 3Danish Centre for Health Economics, Department of Public 
Health, University of Southern Denmark, Odense, Denmark.

Background and aims: The aim of this study was to compare treat-
ment satisfaction, patient enablement (the ability to understand, cope, 
and manage own health), and self-rated health among adult persons 
with type 1 diabetes (PwT1D), followed in an outpatient clinic in the 
Region of Southern Denmark, who change from finger prick (FP) to 
continuous glucose monitor (CGM) during the study period.
Materials and methods: A multi-item questionnaire was sent to all 
adult PwT1D in the Region of Southern Denmark in 2022 and again 1 
year later in 2023. PwT1D that had changed from FP to CGM where 
asked additional questions regarding the change. Treatment satisfaction 
was measured by the Diabetes Treatment Satisfaction Questionnaire 
status (DTSQs) and change (DTSQc) versions. Both versions include 
eight items with DTSQs ranging from 0 to 6 and DTSQc ranging from 
-3 to 3. Both scales were summed to a treatment satisfaction score, with 
higher scores indicating a higher level of treatment satisfaction. Patient 
enablement was measured by a modified version of the Patient Enable-
ment Instrument (PEI) altered to PwT1D and altered to measure change 
in device. The instrument consists of two five-point Likert scales with 
a status version ranging from 1 to 5 (1=very low degree, 5= very high 
degree) and a change version ranging from -2 to 2 (-2=much worse, 
2=much better). Both instruments (status and change) were summed to 
create patient enablement scores, with higher scores indicating higher 
patient enablement. Self-rated health was measured by the EQ visual 
analogue scale (EQ VAS) ranging from 0 to 100 (worst and best imagi-
nable health, respectively). Data were analysed by Wilcoxon signed-
rank test. Data for 2023 are preliminary.
Results: A total of 2285 (39%) of 6284 PwT1D responded to the 
questionnaire in 2022. Of these, 1627 (66%) have currently completed 
the questionnaire in 2023. Of those who completed the questionnaire 
both years, 103 (6%) changed from FP to CGM. These 103 are the 
respondents used in the analyses. Their mean (SD) age was 58 (14) 
years, mean diabetes duration was 29 (16) years, and 55% were male. 
Results are presented as median  (25th-75th percentile). Treatment sat-
isfaction was significantly higher when using CGM compared to FP, 
with a DTSQs score of 33 (29-36) in 2023 compared to 29 (24-32) in 
2022 (p<0.0001). The DTSQc score was 15 (12-17) which indicated 
a significantly higher satisfaction with diabetes treatment when using 
CGM compared to FP (p<0.0001). We found no significant differ-
ence in the status of patient enablement when using CGM compared 
to FP, with a score of 26 (24-29) in 2023 and 25 (23-28) in 2022. 
However, the patient enablement change score was 6 (4-11) and indi-
cated a significant improvement in patient enablement when using 
CGM compared to FP (p<0.0001). Self-rated health was significantly 
higher when using CGM compared to FP with a score of 81 (70-90) 
in 2023 and 75 (60-83) in 2022 (p<0.01).
Conclusion: The results demonstrate that when PwT1D change from 
using FP to CGM they get more satisfied with their treatment, their 
patient enablement increases, and they have better self-rated health. 
This indicates an association between use of CGM and better under-
standing, coping and management of own disease compared to when 
using FP.
Disclosure: L.B.H. Pedersen: None.
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Inpatient continuous glucose monitoring vs capillary blood glu-
cose: a cost-effectiveness analysis
D. Verissimo, J. Vinhais, V. Machado, S. Silva, C. Ivo, A.C. Martins, 
J.N. Silva, D. Passos, L. Lopes, J.J. Castro, M. Marcelino;
Serviço de Endocrinologia - Hospital das Forças Armadas, Lisboa, 
Portugal.

Background and aims: Continuous glucose monitoring (CGM) 
devices are suitable for patients with diabetes on insulin therapy, but 
they are not yet routinely used in an inpatient setting. The difficulty 
observed in the glycemic control of hospitalized patients under inten-
sive insulin therapy led to the development of a protocol to study the 
cost-effectiveness associated with glycemic control by implementing 
CGM in hospitalized patients with type 2 diabetes (T2D).
Materials and methods: Prospective study of 60 inpatients with T2D on 
intensive insulin therapy. Patients were randomized into two groups of 30 
individuals: an intervention group monitored through CGM (Freestyle 
LibreTM 2) and a control group monitored using capillary blood glucose 
(CBG). We compared the glycemic control (time in range, number of hypo-
glycemias, mean glycemia and glycemic variability), inpatient outcomes 
(mortality, length of stay and infection rate), and costs directly associated 
with glycemic control (cost of glucose monitoring, insulin administration, 
hypoglycemia correction, and time spent by the nurses in these procedures).
Results: Both groups were similar regarding age (74 vs. 77 years, p=0.277), 
sex (higher prevalence of males, 83% vs. 63%, p=0.143), diabetes duration 
(12 vs. 14 years, p=0.824), associated complications (p=0.151), metabolic 
control (7.2, vs. 7.1, p=0.700), outpatient treatment (p=0.570) and admis-
sion diagnosis (most frequently due to an infectious disease, p=0.157). 
CGM group had a higher number of readings per day (6 vs. 4, p<0.001), 
in-range readings   (54 vs. 35%, p=0.027), fewer above-range readings   (26 
vs. 57 %, p=0.003), particularly above 250 mg/dL (5 vs. 28%, p=0.001), 
with no difference in the number of hypoglycemias (p=0.107). A lower 
mean glycemia value (162 vs. 207 mg/dL, p<0.001) was also observed, 
but with no difference in glycemic variability (34.2 vs. .34.8% p=0.181). 
No difference was observed in mortality, length of stay, nor in the infection 
rate (p=1.000, p=0.455 and p=0.606). The median daily cost per patient 
associated with glycemic control was higher in the CGM group (5.0 vs. 
3.7€, p<0.001), due to a higher cost associated with glucose readings (3.8 
vs. 2.6€, p<0.001). Analyzing the cost-effectiveness, we observed that 
1€/day/patient spent in implementing CGM was associated with +5% in-
range readings, -8% above-range readings, -3% above 250mg/L readings, 
compared to CBG. When comparing direct costs, 1€/day/patient spent by 
implementing CGM, represented +0,33€/day related to glucose readings, 
-0,04€/day related to insulin costs, and -0,04€/day regarding the time spent 
by the nurses, resulting in a final median cost of +0,29€/day/patient com-
pared to CBG. However, if the number of readings had been seven per day, 
as defined in our hospital protocol, 1€/day/patient spent in CGM would have 
resulted in -0,17€/day in glucose readings and -0,33€/day in time spent by 
the nurses, resulting in -0,28€/day/patient than CBG.
Conclusion: This study showed that patients with CGM had bet-
ter glycemic control and needed less insulin, with no difference in 
the incidence of hypoglycemia, which encourages the use of CGM 
to optimize T2D control during hospitalization. The daily cost per 
patient was higher with CGM but only due an inadequately low num-
ber of glucose measurements in the CBG group.
Disclosure: D. Verissimo: None.

801
Comparison of glycaemic metrics from simultaneous use of inter-
mittently scanned and real-time continuous glucose monitoring 
in patients with type 1 diabetes
A. Siolos1, M.  Christou1, D.  Katsarou2, P.  Christou1, C.  Zessides1, E. 
 Georga2, D.  Fotiadis2, S.  Tigas1;

1Department of Endocrinology, University Hospital of Ioannina, 
Ioannina, Greece, 2Department of Materials Science and Engineer-
ing, Unit of Medical Technology and Intelligent Information Systems, 
University of Ioannina, Ioannina, Greece.

Background and aims: The purpose of this study was to compare 
standardized continuous glucose monitoring (CGM) metrics obtained 
from real-time (rtCGM) and intermittently scanned (isCGM) continu-
ous glucose monitoring devices that were simultaneously used in 
patients with type 1 diabetes (T1D).
Materials and methods: This observational prospective study included 
11 patients with T1D who participated in the GlucoseML study and used 
rtCGM and isCGM simultaneously for 5 - 14 days. Standarized CGM 
metrics as defined by the 2019 International Consensus on time in range 
(TIR) were obtained and then compared. The glycemic metrics that were 
assessed were mean glucose, glucose management indicator (GMI), coef-
ficient of variation (%CV), TIR (70 - 180mg/dl), time in the range 181 
- 250mg/dl (TAR 180), time above range >250mg/dl (TAR 250), time in the 
range 54 - 69mg/dl  (TBR70), time below range <54mg/dl  (TBR54). The 
difference for each metric was calculated as the value of the metric from 
rtCGM minus the corresponding value of the isCGM device. The difference 
between GMI of rtCGM and isCGM was recorded and difference between 
GMI of each device and glycated hemoglobin (GMI - HbA1c) was com-
pared. Categorical variables are expressed as number (percentage). Paired 
t-test was performed for comparison of continuous variables with normal 
distribution [expressed as mean (standard deviation)], whereas Wilcoxon 
matched pairs signed rank test was performed for not normally distributed 
variables [expressed as median (range)].
Results: rtCGM and isCGM were simultaneously used for a median of 
14 days (5- 14) and HbA1c was 6.94% (0.7). Difference in median glu-
cose and GMI between rtCGM and isCGM devices after fourteen days 
of simultaneous use was 16mg/dl (-16 to 33) (p=0.08) and 0.4% (-0.4 to 
0.8) (p=0.10), respectively. GMI - HbA1c was 0.5% (0 - 1.1) for rtCGM 
and 0.4% (0 - 0.9) for isCGM in these patients. Median differences for 
TIR, TAR 180, TAR 250,  TBR70 and  TBR<54 were -1.68% (-12.36 to 8.07) 
(p=0.25), 4.55% (-7 to 11.69) (p=0.04), 0.34% (- 12.61 to 12.05) (p=0.38), 
-1.55% (- 5.88 to 0) (p=0.004) and 0% (- 6.69 to 7.66) (p=0.68). Difference 
in TIR >5% between the metrics of the two CGM devices was observed in 
6(55%) patients. Median difference between CV was -1.75% (- 12.3 to 2.4) 
(p=0.05). Patients who met the recommended target for CV (<36%) were 
6(55%) and 3(27%) according to rtCGM and isCGM metrics respectively.
Conclusion: To our knowledge this is the first study in patients with T1D 
comparing CGM metrics after simultaneous use of rtCGM and isCGM for the 
period recommended for the evaluation of an ambulatory glucose profile report 
(14 days). The differences in most glycemic metrics were small and likely of 
limited clinical significance. However, statistically significant differences were 
observed in  TBR70, TAR 180 and glucose CV (%) as measured by the two differ-
ent devices. Moreover, in a subset of patients difference in TIR reached num-
bers considered clinically significant and a difference in the number of patients 
who achieved the recommended target for CV was observed when comparing 
the metrics of each device. More data are needed to investigate the frequency, 
possible causes and implications of such discrepancies in clinical practice.
Supported by: Co-financed by the European Regional Development 
Fund of the European Union and Greek national funds
Disclosure: A. Siolos: Grants; Financed by the European Regional Devel-
opment Fund of the European Union and Greek national funds through the 
Operational Program Competitiveness, Entrepreneurship and Innovation.

802
Randomised controlled trial of real time continuous glucose monitor-
ing in people with type 2 diabetes on insulin (the 2GO-CGM study)
C.S. Lever1,2, J.A.  Williman3, A.  Boucsein4, A.  Watson5, R.S. 
 Sampson2, O.T. Sergel-Stringer4, C.  Keesing2, B.J.  Wheeler4,6, M.I. 
de  Bock5,7, R.G.  Paul1,2;
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1Te Huataki Waiora, School of Health, University of Waikato, Ham-
ilton, New Zealand, 2Waikato Regional Diabetes Service, Te Whatu 
Ora Waikato, Hamilton, New Zealand, 3Biostatistics and Computa-
tion Biology Unit, University of Otago, Christchurch, New Zealand, 
4Department of Women’s and Children’s Health, University of Otago, 
Dunedin, New Zealand, 5Department of Paediatrics, University of 
Otago, Christchurch, New Zealand, 6Department of Paediatrics, Te 
Whatu Ora Southern, Dunedin, New Zealand, 7Department of Paedi-
atrics, Te Whatu Ora Waitaha Canterbury, Christchurch, New Zealand.

Background and aims: Improving glycaemic control in type 2 diabetes 
(T2D) is essential to reducing social and health-economic burden of 
diabetes-related complications. Continuous glucose monitoring (CGM) 
has been established as beneficial in improving glycaemia and quality 
of life in people with type 1 diabetes, however data in T2D is limited. 
This randomised controlled trial assessed the effect of initiating real-time 
CGM (rtCGM) on glycaemia in a high-risk, predominantly indigenous 
(Māori) population of adults with T2D on insulin in New Zealand.
Materials and methods: Multi-site (Waikato, Canterbury and Otago) ran-
domised controlled trial of adults with T2D on at least one injection of insulin 
per day with HbA1c > 8.0% (> 64 mmol/mol). During a two-week run-in 
phase, non-insulin medications were optimised. Participants were then ran-
domised 1:1 to rtCGM or routine care with self-monitoring of blood glucose 
levels (SMBG) for 12 weeks. Participants in both arms were supported by pre-
scribing diabetes nurse specialists who adjusted insulin according to an insulin 
titration algorithm at weeks two and eight. Participants were provided with 
instructions on how to self-titrate insulin between reviews. The primary objec-
tive was to compare the percentage of time in range (TIR; 3.9 - 10.0 mmol/L; 
70 - 180 mg/dL) between the groups during the last 14 days of the trial (weeks 
10-12; data collected by blinded rtCGM for participants in SMBG arm).
Results: Sixty-seven participants completed the run-in phase (54% Māori, 
median age 53, female 57%, mean HbA1c 83.4 mmol/mol, median BMI 
35.8). Mean [±SD] TIR increased from 37 ± 25% to 52 ± 24% (Δ 15%; 
95% confidence interval [CI] 4% to 23%) in the rtCGM group. Mean TIR 
did not change in the SMBG group (45 ± 21% to 44 ± 25%, Δ 0.2%, 95% 
CI -10% to 10%). The baseline-adjusted between-group difference at end 
RCT was 9.8% (95%CI -1.6 to 21; p = 0.090). HbA1c decreased in both 
groups from 85.3 ± 18.5 mmol/mol (10 ± 1.7%) to 64.5 ± 15.8 mmol/
mol (8.1 ± 1.4%) in the rtCGM arm and from 81.5 ± 12.2 mmol/mol (9.6 
± 1.1%) to 65.9 ± 13.0 mmol/mol (8.2 ± 1.2%) in the SMBG arm. There 
were no severe adverse events in either group.
Conclusion: Real time CGM is effective technology in a supportive 
model of care to improve glycaemia in people with T2D on insulin 
at high risk of complications. Larger patient numbers are needed to 
confirm the estimated between-group difference in TIR at 12 weeks.
Clinical Trial Registration Number: ACTRN12621000889853
Supported by: Dexcom Inc
Disclosure: C.S. Lever: Grants; This study was funded by Dexcom 
Inc. Dexcom Inc. had no role in data monitoring, study design or 
abstract/manuscript preparation.
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Continuous glucose monitoring accuracy during labor and 
delivery in pregnant women with insulin-treated diabetes
F. Citro1, C.  Bianchi2, M.  Aragona2, T.  Belcari1, F. Nicolì1, L. 
 Battini3, P.  Marchetti1, A.  Bertolotto2;
1Department of Clinical and Experimental Medicine, University of 
Pisa, Pisa, Italy, 2Section of Diabetology and Metabolic Diseases, 
University Hospital of Pisa, Pisa, Italy, 3Maternal-Infant Depart-
ment, University Hospital of Pisa, Pisa, Italy.

Background and aims: Normoglycemia during labor and delivery 
is crucial to minimize the risk of neonatal hypoglycemia. Pregnant 

women with insulin-treated diabetes require frequent glucose checks 
during this stage, and intravenous insulin infusion should be adjusted 
accordingly. While Continuous Glucose Monitoring (CGM) systems 
are increasingly used during pregnancy, their exclusive use in intra-
partum management has not been approved due to insufficient data.
Materials and methods: The aim of this study was to evaluate the 
accuracy of CGM during labor and delivery, comparing CGM read-
ings with simultaneously collected blood glucose (BG) measurements.
Results: 52 paired CGM-BG data of 14 women (10 with type 1, 2 with 
type 2 and 2 with gestational diabetes) during labor and delivery were 
collected. The mean glucose was 115±20 mg/dL (6.4±1.1 mmol/L) by 
BG and 113±22 mg/dL (6.3±1.2 mmol/L) by CGM. Glucose values 
measured by both systems were distributed in different glycemic ranges, 
used for therapeutic decision according to the intrapartum glucose/insulin 
infusion protocol of our hospital (Table 1). The normoglycemic range was 
considered between 70 and 120 mg/dL (3.9-6.7 mmol/L). The overall 
Mean Absolute Relative Difference (MARD) for CGM vs. BG was 9,24% 
and 33 (63%) pairs of values were in the same glycemic range, meaning 
the same intrapartum management. On the contrary, 19 (37%) pairs were 
in different glycemic ranges, with CGM showing higher glycemic values 
in 8 (15%) cases and lower in 11 (21%) cases compared to BG. Most (26, 
74%) of the CGM measurements between 70 and 120 mg/dL (3.9-6.7 
mmol/L) matched the BG normoglycemic range, while only 7 (41%) of 
CGM readings above 120 mg/dL (6.7 mmol/L) corresponded to the same 
glycemic range by BG measurement. In 9 (26%) cases of normoglycemic 
CGM values, BG reading revealed hyperglycemic values, with a median 
[IQR] difference of 10 [4-20] mg/dL (0.6 [0.2-1.1] mmol/L). All discrep-
ant data would be identified by checking BG in case of CGM reading 
above 110 mg/dL (6.1 mmol/L) [chi square 18.71, p<0.001]. Indeed, at 
ROC curve analysis, CGM value less than 110 mg/dL (6.1 mmol/L) was 
associated with 100% of sensitivity to concordant result with BG.
Conclusion: Our study found that CGM during labor and deliv-
ery had good accuracy compared to BG readings, with a MARD of 
9.24%. However, some discrepant values were observed, particularly 
when CGM readings were above 110 mg/dL (6.1 mmol/L). There-
fore, to ensure accurate intrapartum glycemic control, a BG check 
should be recommended in case of CGM reading above 110 mg/dL 
(6.1 mmol/L).

Disclosure: F. Citro: None.

804
Performance of real-time continuous glucose monitoring during 
4 weeks of track and field training in adolescents with type 1 
diabetes
J. Schierbauer1, R.  Zimmer1, D.  Herz1, S.  Haupt1, P.  Zimmermann1, 
N.  Wachsmuth1, P.  Birnbaumer2, P.  Hofmann2, E. Fröhlich-Reiterer3, 
M.  Fritsch3, C.P.  Sternad4, F.  Aberer4, H.  Sourij4, O.  Moser1;
1Division of Exercise Physiology & Metabolism, University of Bay-
reuth, Bayreuth, Germany, 2Exercise Physiology, Training & Training 
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Therapy Research Group, University of Graz, Graz, Austria, 3Depart-
ment of Paediatrics and Adolescent Medicine, Medical University 
Graz, Graz, Austria, 4Division of Endocrinology and Diabetology, 
Medical University Graz, Graz, Austria.

Background and aims: Real-time continuous glucose monitoring 
(rtCGM) has become an integral component of modern diabetes manage-
ment. However, data on sensor performance in children and adolescents, 
especially during physical exercise, are still scarce. Therefore, the aim 
of this investigation was to determine sensor performance of a rtCGM 
system before, during and after exercise sessions of a 4-week track and 
field training intervention in adolescents with type 1 diabetes (T1D).
Materials and methods: Eight adolescents (2 females, 15.8 ± 1.1 ys, 
BMI: 20.3 ± 2.5 kg·m-2) with T1D and a HbA1c of 7.7 ± 0.6% (60.6 
± 16.9 mmol·mol-1) participated in a 4-week track and field training 
intervention consisting of three 90-minute exercise sessions per week. 
Sensor glucose levels were obtained at rest, after 15, 30, 45 and 60 
minutes during exercise, and 5 minutes post-exercise, respectively, 
and compared to a reference blood glucose value. Glucose sensor 
performance was assessed by means of Median Absolute Relative 
Difference (MedARD) and interquartile range [IQR].
Results: In total, 444 points of comparison were available for analy-
sis. The overall MedARD [IQR] was 19.1% [12.2-27.3]. The Med-
ARD for target range (70-180 mg·dL-1), below range (<70 mg·dL-1) 
and above range (>180 mg·dL-1) were 22.0% [17.8-29.2], 28.4% 
[18.8-36.3], and 15.9% [9.4-20.7], respectively. In-exercise MedARD 
was 19.4% [12.3-27.8], further detailing a MedARD for target range 
of 19.1% [12.1-27.2], for below range of 28.7% [18.7-35.4] and for 
above range of 17.4% [11.9-20.5], respectively. Pre- and post-exercise 
MedARD were 21.6% [14.5-28.3] and 14.9% [9.0-21.6], respectively.
Conclusion: In adolescents with T1D participating in a track and field 
training, rtCGM detects glucose levels with moderate accuracy. For the in-
exercise period, this especially applied to the hypoglycaemic range, where 
sensor performance further deteriorated. Hence, young people with T1D 
engaging in track and field training or similar sports should be advised to 
perform adjuvant blood glucose measurements during exercise.
Clinical Trial Registration Number: DRKS00027954
Disclosure: J. Schierbauer: Non-financial support; DexCom, Inc. 
provided the CGM equipment but had no role in the design of the 
study, interpretation of the data, or decision to submit results.
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Frequency and impact of sensor measured hyperglycaemia in 
persons admitted with an infection
J.J. Bakker1, A. van der  Vaart1, H.R.  Bouma1, P.C.  Choudhary2, 
P.R. van  Dijk1;
1University Medical Center Groningen, Groningen, Netherlands, 
2University of Leicester, Leicester, UK.

Background and aims: Glucose dysregulation is an important predic-
tor of outcomes among hospitalized persons, both with and without 
diabetes mellitus (DM). This study aims to investigate the frequency 
and impact of hyperglycemia in persons admitted with an infection.
Materials and methods: This is an ongoing prospective, observa-
tional cohort study. Participants were adult persons with- and without 
a history of DM admitted to an academic hospital in the Northern 
part of the Netherlands with an infection. An infection was defined 
as ≥2 qSOFA-criteria, ≥2 SIRS-criteria, or a temperature < 35 °C 
or > 38 °C with taken blood cultures. Participants were equipped 
with a blinded glucose sensor and received usual care throughout 
admission. Glucose sensor data was combined with extensive clinical 
and biochemical data from Acutelines biobank database, which is a 
multi-disciplinary cohort study examining the complete journey of 
the patient admitted to the Emergency Department (ED).

Results: In this study we included 72 persons, of which 26.4% were 
diagnosed with DM before admission. Urinary (17%), airway (24%) 
and bile ducts (13%) were the most common origin of infection; 9 per-
sons died during admission. Persons were admitted for an average of 
3.8 (2.3-8.5) days. Hyperglycemia, defined as sensor-measured glucose 
>7.8 mmol/L, was present in 39 (75%) persons with available sensor 
data. Of these persons, 24 (62%) did not have a history of DM before 
admission. In addition, severe hyperglycemia (sensor glucose >11.1 
mmol/L) was present in 3 persons without known DM. Regarding hos-
pital outcomes, a significantly longer duration of hospital admission 
was found in persons with a sensor-measured glucose of >7.8 mmol/L 
for ≥10% during the first 24 hours of admission (p=0.009).
Conclusion: Hyperglycemia is a frequent finding among persons 
admitted to the hospital with an infection, also in persons without 
DM. These first results of this ongoing study demonstrate just a 
glimpse of the detailed insights that glucose sensor data can provide 
in this population. We expect these outcomes to support the use of 
glucose sensors for more precise identification of in-hospital glucose 
dysregulation; this improved identification can then lead to better 
interventions and improved outcomes.
Clinical Trial Registration Number: NCT04615065
Supported by: EFSD/AZ Future Leaders Mentorship Programme
Disclosure: J.J. Bakker: None.

806
Accuracy and reliability of real-time continuous glucose moni-
toring in the intensive care unit after major abdominal surgery 
including solid organ transplantation
B. Hagerf1, M.  Protus2, L.  Nemetova1, M.  Mraz1, M.  Haluzik1, P. 
 Girman1, J.  Franekova3, V.  Svirlochova3, A.  Jabor3;
1Institute for Clinical and Experimental Medicine, Prague, Czech 
Republic, 2Department of Anaesthesiology, Resuscitation and Inten-
sive Care, Institute for Clinical and Experimental Medicine, Prague, 
Czech Republic, 3Laboratory Methods Division, Institute for Clinical 
and Experimental Medicine, Prague, Czech Republic.

Background and aims: Blood glucose control in patients requir-
ing intensive care remains a therapeutic challenge; however, recent 
advancements in glucose sensing technologies have sparked interest 
in the potential use of real-time continuous glucose monitoring in the 
subcutaneous compartment (rtCGM) also in the intensive care unit 
(ICU) setting. We performed a prospective clinical trial assessing the 
accuracy and reliability of rtCGM in postoperative ICU patients after 
major abdominal surgery.
Materials and methods: Patients undergoing pancreas surgery, liver 
transplantation, simultaneous pancreas (or pancreatic islets) and kid-
ney transplantation were enrolled in the trial. Dexcom G6 (Dexcom, 
Inc., San Diego, USA) was used for rtCGM. Arterial blood glucose 
measured by the amperometric principle (ABL 800, Radiometer, 
Copenhagen, Denmark) served as reference and to calibrate the Dex-
com G6 (every 6 hours on day 1, once daily day 2 and 3). Sensor 
accuracy was assessed by computing mean absolute relative differ-
ence (MARD), bias, modified Bland-Altman plot and surveillance 
error grid for paired samples of glucose values from CGM and ABL.
Results: Sixty-five patients after major abdominal surgery staying in 
ICU post-operatively were included into this analysis. We observed 
technical difficulties leading to sensor loss in four patients. Median 
monitoring length was 7 days with a 95.1± 6.5% proportion of active 
CGM use. Overall, 1548 paired glucose values measured with CGM 
and ABL were obtained. MARD for CGM compared with ABL-
measured glucose was 9.5% with a bias of 1.4% and coefficient of 
variation of 13.7%. In the surveillance error grid analysis, 98.7% 
of glucose value pairs were in the A and B zone of risk (92.6% and 
6.1% respectively).
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Conclusion: Our results show a clinically applicable accuracy and 
reliability of the Dexcom G6 continuous glucose monitoring system 
in postoperative ICU. This opens up new possibilities in intensify-
ing ICU glucose control, lowering hypoglycaemia risk and reducing 
nursing staff workload.

Clinical Trial Registration Number: NCT05585801
Supported by: CarDia (Programme EXCELES, Project No. 
LX22NPO5104) - Funded by the European Union - Next Generation 
EU, Cooperatio Charles University
Disclosure: B. Hagerf: None.
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Detection of glycaemic excursions in people with type 2 diabetes 
treated with gla-100 in primary care through continuous glucose 
monitoring: the GPDetect study
V. Bellido1, C.  Morales2, A.  Soto3, A.  Serrano4, P.  Fuentealba5, O. 
 Laclaustra5, A.  Cebrian6;
1Endocrinology and Nutrition, Virgen del Rocío University Hospi-
tal, Seville, Spain, 2Endocrinology and Nutrition, H. Vithas Sevilla 
and Virgen Macarena University Hospital, Seville, Spain, 3Endo-
crinology and Nutrition, University Hospital Complex A Coruña, 
Coruña, Spain, 4Primary care, Primary healthcare center García 
Noblejas, Madrid, Spain, 5Sanofi, Barcelona, Spain, 6Primary care, 
Primary healthcare center Casco Antiguo, Cartagena, Spain.

Background and aims: The use of Continuous Glucose Monitor-
ing (CGM) in people with T2DM (PwT2DM) treated with basal 
insulin is limited and, consequently, glucometric data in this popu-
lation are scarce. The GPDetect hypothesis is that PwT2DM treated 
with insulin glargine 100U/mL (Gla-100) in Primary Care setting 
may experience unnoticed glycemic excursions that can be detected 
by CGM.
Materials and methods: The GPDetect was a 16-week, multi-
centre, single arm, prospective observational study analyzing the 
glycemic events, time in range (TIR) and glucose variability of 
Gla-100 in real world practice in primary care setting. The inclu-
sion criteria consisted of adults with T2DM treated with Gla-100 
and non-insulin antidiabetic drugs (NIADs) for more than 6 months 
at a dose higher than 0.2 U/Kg, with an HbA1c of 7 to 8.5 % and a 
fasting self-monitored blood glucose (SMBG) between 80 and 140 
mg/dL. Two 14-day CGM measurements were performed using 
FreeStyle Libre® Pro iQ.
Results: Overall, 160 participants were included of whom 140 were 
evaluable. The mean (SD) age was 69.8 (9.1) years with most partici-
pants being male (61,4%) and categorized as overweight, with a mean 
(SD) body mass index of 29.3(4.3) kg/  m2. The mean (SD) evolution 
of T2DM was 17.4 (6.9) Mean (SD) HbA1c was 7.6 (0.5) % and 
a fasting SMBG of 118 (13.1) mg/dL. NIADs included biguanides 
(67.10%), SGLT2i (52.9%), IDPP4 (34.3%) and GLP1ra (21.4%). 
All PwT2DM were treated with Gla-100 at a dose (SD) of 30(12.4) 
U generally administered during night (61.3%), what was a dose per 
weight (SD) of 0.4(0.2) U/Kg. The CV (SD) was 28.6 (6.1) %; TIR 
(SD) 70-180 mg/dL was 68.9 (20.2) %; TBR(SD) 54-69 and <54 mg/
dL was 2.1 (4.4) % and 0.3(0.1), respectively; TAR (SD) 181-250 
and >250mg/dL was 22.1 (13.2) % and 6.6(11.6) %, respectively. 
The incidence (SD) of hypoglycemic events <70mg/dL was 60 (0.5) 
% and the mean duration (SD) of those episodes was 66.3 (77.8) 
minutes. The incidence (SD) of hyperglycemic events >180mg/dL 
was 100 (0.1) % and the mean duration (SD) of those episodes was 
219 (218.3) minutes.
Conclusion: Although PwT2DM were generally well controlled, the 
incidence of hypoglycemic and hyperglycemic episodes and their 
duration remained high. We found a trend towards hyperglycemia 
which was more persistent during daytime. This could be explained 
by the lack of 24h coverage of their current first generation basal 
insulin analog treatment, which was administered mainly at night. 
Overall GPDetect has proven CGM to be a useful tool for detecting 
glycemic excursions in PwT2DM treated with basal insulin.
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808
Efficacy, safety, and immunogenicity of proposed biosimilar Gan 
& Lee insulin glargine versus EU-licensed insulin glargine in 
patients with type 1 diabetes
W. Chen1, T.  Xie1, A.  He1, L.  Li1, C.  Hao1, E.A.  Christofides2;
1Gan & Lee Pharmaceuticals, Beijing, China, 2Endocrinology 
Research Associates, Inc, Columbus, OH, USA.

Background and aims: To assess the bioequivalence (BE) of effi-
cacy, safety, and immunogenicity profiles of GL Glargine Injection, 
a proposed biosimilar of insulin glargine, with EU-licensed insu-
lin glargine (EU Lantus) in patients with type 1 diabetes mellitus 
(T1DM).
Materials and methods: This open-label, randomised, multicentre, 
Phase III study enrolled 576 subjects with T1DM (HbA1c ≤11.0%) 
who had been on an approved basal and bolus insulin regimen for at 
least 6 months prior to screening. Eligible subjects were randomised 
1:1 to receive either GL Glargine Injection (N = 287) or EU Lan-
tus (N = 289) once daily for 26 weeks, with insulin dose optimised 
according to pre-treatment fasting glucose. Efficacy and safety were 
evaluated by the change in glycosylated haemoglobin (HbA1c) and 
the incidence and severity of all treatment-emergent adverse events 
(TEAEs) at 26 weeks. Immunogenicity was assessed by the propor-
tion of patients developing treatment-induced anti-insulin antibodies 
(AIA) between treatment groups, defined as the development of a new 
confirmed positive AIA or a significant (at least fourfold) increase in 
titer from baseline to week 26.
Results: The key efficacy endpoint of GL Glargine Injection was shown 
to be bioequivalent to EU Lantus, as the least-squares mean difference 
in change from baseline in HbA1c was -0.08%, with the 90% CI of 
the treatment difference (-0.23, 0.06) within the predefined equivalence 
limits (-0.4%, 0.4%). In addition, the safety profile of GL glargine injec-
tion was also comparable to EU Lantus, with similar rates of TEAEs 
reported in both groups (90.2% vs. 92.4%). The study also demonstrated 
immunogenicity BE between GL Glargine Injection and the reference 
insulin, as the percentage of subjects testing positive for treatment-
induced AIA was similar between the two groups (25.8% vs. 25.3%) 
and the 90% confidence interval (CI) (-5.4, 6.5) of the difference in 
proportions was well contained within the predefined similarity margins 
of -11.3 to 11.3.
Conclusion: This study provides evidence of efficacy, safety, and 
immunogenicity BE of GL Glargine Injection to EU-licensed insulin 
glargine formulations in patients with T1DM.

Clinical Trial Registration Number: NCT03371082
Supported by: Gan & Lee Pharmaceuticals
Disclosure: W. Chen: None.

809
Efficacy, safety and immunogenicity of proposed biosimilar Gan 
& Lee insulin glargine versus EU-licensed insulin glargine in 
patients with type 2 diabetes
E.A. Christofides1, T.  Xie2, A.  He2, L.  Li2, C.  Hao2, W.  Chen2;
1Endocrinology Research Associates, Inc, Columbus, OH, USA, 2Gan 
& Lee Pharmaceuticals, Beijing, China.

Background and aims: To demonstrate the bioequivalence (BE) of 
GL Glargine Injection, a proposed biosimilar insulin glargine, to the 
EU-licensed insulin glargine (EU Lantus) in terms of efficacy, safety, 
and immunogenicity in patients with type 2 diabetes mellitus (T2DM).
Materials and methods:  This Phase III, open-label, ran-
domised, multicentre, 26-week study enrolled 567 patients with 
T2DM (HbA1c ≤11.0%). Participants were randomised 1:1 to 
receive once-daily doses of GL Glargine Injection (N = 284) or 
EU Lantus (N = 283), individually adjusted for metabolic status. 
During the four weeks following randomisation, these subjects 
had their insulin and other antidiabetic medication (OAM) doses 
optimised based on fasting glucose results. Efficacy and safety 
were assessed by the change in glycated haemoglobin (HbA1c) 
and the incidence and severity of all treatment-emergent adverse 
events (TEAEs) at 26 weeks. Immunogenicity was also assessed 
by the incidence of treatment-induced anti-insulin antibodies 
(AIA), defined as the development of a new confirmed posi-
tive AIA or at least a fourfold increase in titer from baseline 
to week 26.
Results: Key secondary efficacy endpoints met BE criteria, with 
the least-squares mean the difference between treatment groups in 
the change from baseline in HbA1c was 0.06% and the 90% CI of 
the treatment difference (-0.13, 0.26) falling within the predefined 
equivalence ranges (-0.4%, 0.4%). In addition, the percentage of 
subjects with TEAEs in the GL glargine injection group was similar 
to that in the EU Lantus group. Immunogenicity bioequivalence was 
also demonstrated as the proportions of subjects testing positive for 
treatment-induced AIA through week 26 were similar between the 
GL Glargine Injection (19.2%) and EU Lantus (21.3%) treatment 
groups, and the 90% confidence intervals (CIs) of the difference 
in proportions were well within the predefined similarity ranges of 
-10.7 to 10.7.
Conclusion: This study demonstrated that GL glargine injection 
is bioequivalent to EU-licensed insulin glargine regarding efficacy, 
safety, and immunogenicity in patients with T2DM.
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810
Effect of descending vs ascending modes in short-term intensive 
insulin therapy on glycaemic outcome in newly diagnosed type 2 
diabetes patients
X. Zhang1, Z.  Zhang2, X.  Huang1, Y.  Li1, Z.  Huang1;
1The First Affiliated Hospital of Sun Yat-sen University, Guangzhou, 
China, 2The Affiliated Hospital of Guizhou Medical University, Gui-
yang, China.

Background and aims: To explore the effect of two different insulin 
adjustment modes (descending vs ascending) in short-term intensive 
insulin therapy (SIIT) on glycemic outcome in newly diagnosed type 
2 diabetic patients.
Materials and methods: Medical records of 514 newly diag-
nosed patients with type 2 diabetes who received SIIT were ana-
lyzed. The patients were consisted of 366 males and 148 females, 
aged 49.5±19.5 years, BMI were 24.6±3.7kg/m2 and HbA1c were 
10.8±2.3%. They were categorized into descending or ascending 
group according to time to maximal insulin dose shorter or longer 
than half of the length with insulin pump treatment. Clinical charac-
teristic features, capillary blood glucose data during SIIT and fast-
ing blood glucose (FBG) after pump suspension were compared. 
Multivariate logistics regression was used to analyze factors that 
associated with %TIR≥ 90%.
Results: 387 patients were allocated to descending group, while 127 
were in the ascending group. There were no differences between two 
groups in gender, HbA1c, BMI, waist circumference, FBG before and 
after pump treatment. The descending group achieved maximal dose in 
shorter time (3.5±2.4days vs. 9.4±3.0days, P<0.001) with less total daily 
amount (53.1±15.7U vs. 55.6±16.4U, P=0.006). The descending group 
had significantly lower mean blood glucose (MBG) (6.80±0.9mmol/L 
vs. 8.35±1.6mmol/L, P<0.001), and higher %TIR ( percentage of blood 
glucose in the range of 3.9-10.0mmol/L) (85.4±8.8% vs. 71.5±16.2%, 
P<0.001). Mild hypoglycemic events (BG<3.9mmol/L) were more fre-
quent in the descending group [ %TBR1 (3.0 (1.0, 6.0)% vs. 1.0 (0, 4.0)%, 
P<0.001)], while severe hypoglycemic event (BG<3.0mmol/L) was rare 
and insignificant in both groups. Multivariate logistics regression analysis 
showed that HbA1c [OR 0.74(0.66, 0.83), P<0.001], time to maximal 
dose [OR 0.82(0.76, 0.89), P<0.001], total daily dose of maximal insu-
lin amount [OR 0.97(0.95, 0.99), P=0.004] and weight loss during SIIT 
[OR 0.76(0.66, 0.88), P<0.001] were independent factors for achieving 
%TIR≥90%.
Conclusion: Both descending and ascending modes of SIIT achieved 
similar FBG on the next day after pump suspension. The descending 
mode ,by reaching maximal insulin dose rapidly, had more advan-
tages in achieving intensive glycemic goal. Moreover, lower HbA1c, 

shorter time to maximal dose, smaller total daily dose of maximal 
insulin amount and greater weight loss contributed to achieving ideal 
glycemic control.

Supported by: NSFC (82070918)
Disclosure: X. Zhang: None.

811
Simplifying insulin treatment in persons with type 2 diabetes 
over 65 years: interim report of the STOP study
M. De Fano, A. Mazzieri, C.G. Fanelli, F. Porcellati;
University of Perugia, Perugia, Italy.

Background and aims: This is an interim evaluation of the STOP 
study, a proof-of-concept observation, whose aim is to test effec-
tiveness and safety of IDegLira in deintensifying diabetes therapy 
in insulin-treated persons with T2DM aged >65 years.
Materials and methods: The study, retrospective observational, 
gathered so far data related to 93 consecutive persons with T2 DM, 
in whom IDegLira was introduced in therapy, and for whom clinical 
data were available for at least 6 months after the switch.
Results: The 93 persons (42 F, age 76±8 yrs, diabetes duration 20±10 
yrs, duration of insulin treatment 13±12 yrs, BMI 28.6±4.9 kg/m2, 
 A1C 7.4±0.9), were for the 75% in basal/bolus insulin therapy. Sixteen 
% of them, needed caregiver, whereas 53% were in follow up at the 
Geriatric Clinic for mild/severe cognitive impairment. After 3 months, 
fasting plasma glucose (PG) decreased (from 138±38 to 117±24 mg/
dl, p=0.000036 vs baseline), similarly  A1C (from 7.4±0.9 to 7.0±0.6%, 
p=0.000126). All results showed additional improvement at 6 month 
(p< 0.005 vs baseline). Rates of hypoglycemia at any time of day (PG 
<70 mg/dl) were lower after 3 months (0.35±0.94 vs 1.15±2.61, epi-
sodes/pt/month, p=0.0057). Episodes with PG <54 mg/dl decreased 
from 0.56±1.71 to 0.03±0.25, p=0.0093). Accordingly, the proportion 
of patients with at least one episode of PG <70 mg and 54 mg/dl, felt 
down from baseline to 3 month (23.7 to 14%;16.1 to 11%, respectively), 
being zero at 6 months. Rapid acting insulin dose decreased by 80 % 
at 3, up to 95% at 6 months (from 0.18±0.13 to 0.04±0.06 at 3, and 
0.01±0.04 U/kg at 6 months, p< 0.0001). Nearly all patients interrupted 
it. IDegLira was initiated at a mean dose of 17±5.4 U/die to further 
increase to 23±9.6 after 6 months. BMI did not change significantly 
(p=ns).
Conclusion: According to our preliminary results, IDegLira seems to 
offer a relevant option, to more complex insulin regimens, in terms of 
effectiveness and safety, in a population in whom preventing hypogly-
cemia and improving quality of life are mandatory and clinical inertia 
is often present.
Disclosure: M. De Fano: None.
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Efficacy of a basal insulin titration app on glycaemic outcomes 
in people with type 2 diabetes on an oral-basal insulin regimen: 
results of an RCT 
N. Hermanns, D. Ehrmann, K. Finke Groene, T. Roos, B. Kulzer;
Research Institute Diabetes Academy Mergentheim (FIDAM), Bad 
Mergentheim, Germany.

Background and aims: Basal doses of insulin are often not titrated 
sufficiently to achieve the glucose levels that are required for a good 
glycaemic control. The barriers to achieving this lie with both clini-
cians and those living with diabetes. The consensus report of the 
ADA and EASD for management of type 2 diabetes recommends the 
use of titration support system applications. We conducted a multi-
center, randomized controlled trial which analyzed the efficacy of 
a basal insulin titration app (myDose Coach; MDC) in people with 
type 2 diabetes and newly initiated or existing basal insulin treatment.
Materials and methods: We randomized 251 participants from 36 
study centers in a 1:1 ratio to either the intervention arm (insulin titra-
tion with MDC) or the control arm (insulin titration without App). 
The primary outcome was A1c reduction at the 3-month follow-up.
Results: Baseline data (median age 60.0 years IQR 56.0 - 66.5; 36.2% 
female sex, 80.0% with an existing BIT, HbA1c 8.2 IQR 7.7 - 9.1%) 
showed no significant differences between groups. The lost to follow up 
rate was rather low (6.0%). After a median follow-up of 91.0 days, the 
intervention group showed a reduction in HbA1c of 0.93, IQR 0.40 - 
1.57 percentage points compared to the control group (0.6; IQR 0.10 
-1.40); adjusted difference between groups 0.35; 95% CI 0.35 0.01 - 0.69; 
p=0.0064. Improvements in follow-up A1c were evident across the range 
of A1c values (Figure 1). The respective differences between groups in 
glucose level (19.3; 95% CI 9.10 - 29.97 mg/dl; p=0.0012), fasting glu-
cose (10.5; 95% CI 1.5 - 19. 0 mg/dl) and % < 180 mg/dl (12.2; 95% CI 
3.8 - 20.5; p=0.0065) all favored the intervention group, while % < 70 
mg/dl (-0.2; 95% CI -1.0 - 0.6; p=0.8778) did not differ substantially. The 
incidence rate ratio for the number of any adverse events (control as refer-
ence) was 0.84 (0.41-1.72, p=0.64), for the number of glucose levels <54 
mg/dl 0.99 (0.46-2.16, p=0.99) or >250 mg/dl 0.92 (0.61-1.39, p=0.70).
Conclusion: Titration of basal insulin with the MDC app signifi-
cantly improved glycaemic control. However, this was not at the 
expense of safety parameters. Thus, to overcome barriers to basal 
insulin titration, titration with the tested app is an effective, safe and 
easily scalable tool.

Clinical Trial Registration Number: DRKS00024861
Supported by: The study was supported by Sanofi
Disclosure: N. Hermanns: Employment/Consultancy; Insulet 
Adboard. Lecture/other fees; Dexcom, Sanofi, Roche.

813
Mieres study of continuous glucose monitoring: a good idea for 
the elderly
A. López-Alba, J. Fernandez-Morera, L. Diaz-Mier, E. Mediavilla-
Alvarez, F. Menendez-Alvarez;
Internal Medicine, Hospital Álvarez Buylla, Mieres, Asturias, Spain.

Background and aims: The city of Mieres, in the Principality of Astu-
rias, in Spain, with 36,418 inhabitants, is probably one of the oldest cit-
ies - if not the oldest - in the world, with a population pyramid in which 
more than 30% of the population over 65 years of age and more than 15% 
over 75 years of age. This has no comparison with aging cities in other 
developed countries, such as some in Florida -USA- or Italy -in the EU-, 
which is why it represents a study model for health care for a highly aged 
population. Continuous glucose monitoring (CGM) has brought about a 
radical change in the treatment of people with diabetes, since it has made 
it possible to improve precise adjustments with insulin therapy and to 
radically avoid the presence of hypoglycemia, which constitutes the main 
limiting factor for obtaining the best possible metabolic control in people 
with diabetes. But this technology has been applied predominantly to 
young people with type 1 diabetes. The aim of the study is to show that 
this technology is just as effective, if not more, also for older people.
Materials and methods: The study was carried out with 320 patients 
with diabetes controlled in the hospital of the area -HBVA, in which 
the CGM was applied.
Results: 51% were women and a mean age of 60.7 ± 11 years, of which 90% 
had diabetes under intensive insulin treatment and their financing was covered 
by the public health system. Their mean evolution was 17 ± 13 years; the 
mean weight of the group was 75.7 ± 15.7 kg with a BMI of 27 kg/m2 and 
they received basal bolus insulin treatment with a mean dose of 40.4 IU per 
day, with 25 ± 11.4 basal and 15,8 ±11.4 rapid, in total at 0.49 IU/kg. After the 
application of the CGM technology, a 1.6% decrease in A1c was obtained from 
8.7% ±1.7 to a result of 7.1% ±0.9 and a weight reduction of 5 kg in the group.
Conclusion: This makes it clear and goes to show that the application of 
CGM technology is highly useful for a group of people with long-stand-
ing diabetes and with advanced age, even for those previously labeled 
as type 2 diabetes, so it should be a treatment that would be generalized 
in the future for the elderly, since it avoids the risk of hypoglycemia and 
greatly improves therapeutic compliance, through the active motivation 
of the patient in a structured unit of therapeutic education. Investing in 
CGM in groups such as the one studied would be highly cost-effective 
and would induce a great improvement in their quality of life.

Supported by: SESPA
Disclosure: A. López-Alba: None.
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Incorporating shared decision making in clinical practice to 
improve adoption of connected insulin pens
O. Ebekozien1, O.  Odugbesan1, N.  Xavier2;
1T1D Exchange, Boston, MA, USA, 2Eli Lilly, Indiana, IN, USA.

Background and aims: Connected Insulin Pens (CIP) can improve 
glycemic control and quality of life for patients with diabetes on 
multiple daily injections (MDI). Despite its benefits, providers may 
sub optimally prescribe CIP among eligible patients because of a lack 
of awareness of interest. This study aims to use Quality Improvement 
(QI) methods to successfully implement a validated attitude assess-
ment to foster shared decision-making (SDM) conversations around 
connected insulin pens.
Materials and methods: The T1D Exchange Quality Improvement 
Collaborative (T1DX-QI) recruited seven diabetes centers (5 adult 
and 2 pediatric) to participate in this project from June - November 
2022. Diabetes centers applied QI principles to design iterative plan-
do-study-act (PDSA) cycles to implement the Diabetes Technology 
Attitude (DTA) questionnaire, a validated tool to facilitate SDM 
conversations. Responses from the questions prompted discussion 
about CIP and other diabetes technologies. The Coordinating center 
analyzed data from a convenience sample of people with Type 1 
Diabetes (T1D) and Insulin-dependent Type 2 (T2D) from centers 
that responded to the questionnaire.
Results: Eighty-eight people with diabetes on MDI and CGM but 
CIP naive (65% T1D and 35% T2D) completed the SDM tool over 
the study period. Most patients agreed with all questionnaire state-
ments; over 70% of both T1D and T2D patients agreed that diabetes 
technology made their lives easier, does ‘more good than bad,’ and 
that they feel lucky to live in a time with so much technology (as 
illustrated in Figure 1). Sixty-nine percent of the cohort went on to 
receive a prescription as a result of an intentional SDM conversation 
based on the DTA survey results.
Conclusion: Validated SDM tools, such as DTA, can be a viable, 
low burden strategy to introduce conversations on the use of diabetes 
technology like CIP in clinical practice.

Supported by: Eli Lilly Educational Grant
Disclosure: O. Ebekozien: Grants; Eli Lilly, Dexcom, Medtronic.
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Application of current HbA1c reference range to premenopausal 
(<50) women may lead to under diagnosis of type 2 diabetes
M. Stedman1, D.  Holland2, A.A.  Fryer3, J.J. Warner-Levy4, P.  Wu5, 
A.H.  Heald6;
1Res Consortium, Andover, UK, 2Benchmarking Partnership, University 
Hospital of North Midlands, Stoke on Trent, UK, 3University Hospital 
of North Midlands, Stoke-on-Trent, UK, 4The University of Manchester, 
Manchester, UK, 5School of Medicine, Keele, UK, 6Endocrinology and 
Metabolic Medicine, Salford Royal Hospital, Salford, UK.

Background and aims: Women with type 2 diabetes mellitus 
(T2DM) have a higher mortality rate at younger age than men. The 
underlying mechanisms remain unclear. However, it is known that 
women are on average diagnosed with T2DM at a later age than men. 
Here we investigated whether a contributing factor to this late diag-
nosis may be a sex difference in HbA1c levels due to haemoglobin 
replacement linked to menstrual blood loss.
Materials and methods: In a service evaluation, we examined 
HbA1c testing across seven UK laboratory sites (representing 5% 
of UK population). We conducted an exploratory analysis in cohort 
1 from one laboratory tested between 2012 and 2019. We assessed 
the sex and age differences of HbA1c in individuals who underwent 
single testing only ie had not been diagnosed with diabetes and had 
an HbA1c result ≤48 mmol/mol. The process was replicated in cohort 
2 results from six laboratories with individuals tested between 2019 
and 2021.
The possible effect size was estimated by extrapolating findings based 
on ONS England population data and National Diabetes Audit pub-
lished T2 prevalence and related excess mortality.
Results: In Cohort 1 Figure a) shows median HbA1c increasing 
with age, with females <50 consistently being 1mmol./mol lower 
but >50 being in line with males. At age of 50, HbA1c in women 
lags by approximately 5 years compared to men. Figure B show 
women <50 years old had an HbA1c distribution that was lower 
than that of men by an average of 1.6 mmol/mol (4.7% of mean) 
with T2DM (z=-47.4, p<0.0001), while the difference in the dis-
tribution of HbA1c for individuals aged ≥50 years was less pro-
nounced (z=-5.9, p<0.0001). These findings were similar in cohort 
2.Based on this distribution we estimated the effects of lowering 
the threshold for diagnosis of T2DM from HbA1c 48 mmol/mol 
by 4.2% to 46 mmol/mol for women under the age of 50, with an 
additional 35,345 (17% of current recorded T2 women <50) of undi-
agnosed women in England could be reclassified to T2DM, and 
which might result in additional excess diabetes-related death of 
65 women (17% of excess deaths in T2 women age<50) every year.
Conclusion: Our findings provide evidence that the HbA1c cut point 
for diagnosis of T2DM need to be re-evaluated in women under the 
age of 50. Earlier identification of T2DM in women has the potential 
to improve women’s life quality and expectancy in the longer term.
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Clinical and economic burden of severe hypoglycaemic events in 
patients with type 1 diabetes in the United States: a retrospective 
comparative cohort claims analysis
A. Boateng-Kuffour1, P.  Callahan1, C.  Acosta1, K.  Chandarana1, M. 
 Hull2, V.R.  Anupindi2, X.  Zhou2, M.  DeKoven2, R.  Beck3;
1Vertex Pharmaceuticals Incorporated, Boston, MA, USA, 2IQVIA, 
Falls Church, VA, USA, 3Jaeb Center for Health Research, Tampa, 
FL, USA.

Background and aims: Health care resource utilization (HCRU) and 
costs incurred by individuals with type 1 diabetes (T1D) who experi-
ence severe hypoglycemia events (SHE) treated in hospital settings 
have not been comprehensively evaluated.
Materials and methods: This retrospective observational cohort 
study used administrative claims data from IQVIA’s PharMetrics® 
Plus (2015 to 2022) to identify individuals with T1D and SHE treated 
in inpatient (IP) or emergency room (ER) settings, with ≥1 claim with 
T1D diagnosis code (first claim designated as the ‘index date’), who 
were continuously enrolled for ≥6 months during pre-index period, 
had a ratio of T1D to T2D diagnosis codes >0.5 and no pre-index 
prescription for a non-insulin antidiabetic drug. Individuals with 
≥1 claim of hypoglycemia during post-index period (up to 24 mo) 
were identified. Those with IP or ER visit the same day as hypo-
glycemia diagnosis during the post-index period were designated as 
having a hospital-setting SHE (hsSHE) and those without visits were 

designated as not having SHE (non-hsSHE). HsSHE and non-hsSHE 
individuals were directly matched on age, gender and payer type. 
Baseline characteristics were assessed at pre-index. HCRU, costs and 
complications were summarized over total variable follow-up period. 
HCRU and costs (inflated to 2022 USD) were analyzed as per patient 
per month (PPPM) and reported as annualized means.
Results: 4,627 individuals with T1D were identified per cohort (mean age 
41.4 yrs. (SD:14), 57.3% male, 93.4% had commercial insurance, 4.2% 
Medicaid, 2.1% Medicare Advantage; distribution reflective of database). 
At baseline, hsSHE had lower endocrinologist use (22.9% vs 35.1%), 
primary care physician use (41.3% vs. 40.4%) and technology use (CGM, 
17.5% vs 24.5% and CSII, 31.4% vs. 41.6%) than non-hsSHE. Charlson 
Comorbidity Index mean scores were higher in hsSHE: CCI: 1.5 (SD: 
1.5) vs. 1.3 (SD: 1.0). Higher prevalence of acute and chronic T1D-related 
complications were observed: DKA (16.6% vs 6.4%), retinopathy (38.6% 
vs 33.2%), neuropathy (38.6% vs 28.5%), nephropathy (12.6% vs 5.8%), 
coronary artery disease (13.2% vs 6.3%), peripheral vascular disease 
(11.4% vs 6.7%) congestive heart failure (6.2% vs 1.3%), and cerebro-
vascular disease (6.0% vs 2.3%). Prevalence of hyperlipidemia/atheroscle-
rosis was similar in both cohorts (55.4% vs. 55.6%, p=0.87). All-cause 
HCRU for the total follow-up period (mean 39 mo (SD: 25)) was higher 
among hsSHE: annualized IP admissions (1.5 vs 0.6) and ER visits (2.1 
vs 0.8); Rx fills (43.3 vs 32.1). Mean length of stay was higher in hsSHE 
(5.0 vs. 1.9) and statistically significant. HsSHE had higher mean total 
all-cause costs over the total follow-up period: $52,068 vs. $21,315 per 
person. Cost differences were driven by IP ($22,641 vs $1,726), followed 
by outpatient ($13,701 vs $7,430) and Rx costs ($12,837 vs $10,755).
Conclusion: HCRU and costs of individuals with T1D and ≥1 hsSHE 
are high compared with those without hsSHE. A causal relation-
ship should not be assumed due to limitations in using administrative 
claims data retrospectively and the lack of ability to control for dia-
betes duration which could be a confounding factor. Further research 
should explore the relationship between disease duration, comorbidi-
ties and hsSHE-related costs.
Supported by: Vertex Pharmaceuticals
Disclosure: A. Boateng-Kuffour: Employment/Consultancy; 
Employee of Vertex Pharmaceuticals Incorporated. Stock/Sharehold-
ing; may own stock in Vertex Pharmaceuticals Incorporated.

817
Outcomes of the multidisciplinary ’Severe disordered eating in 
type 1 diabetes (T1DE)’ pan-London service
M. Stadler1, M.  Rosenthal2, D.  Turner2, J.  Brown2, A.  Harrison1, Y.-F. 
 Liu3, N.  Oliver4, E.  Konstantara1, D.  Hopkins2, J.  Treasure5, K.  Ismail5;
1Diabetes Research Group, School of Cardiovascular and Metabolic 
Medicine, London, UK, 2Diabetes Department, London, UK, 3Dia-
betes Department, Guy’s and St Thomas’ Hospital, London, UK, 
4Faculty of Medicine, Department of Metabolism, Digestion and 
Reproduction, London, UK, 5Institute of Psychiatry, Psychology and 
Neurology, London, UK.

Background and aims: Type 1 diabetes with co-morbid eating disorder/
disordered eating (T1DE) is characterised by pervasive fear of weight 
gain driving the dangerous behaviour of restricting/omitting or overdos-
ing insulin. The pan-London T1DE pilot service provides fully integrated 
multidisciplinary diabetes and mental health clinical care in a hub-and 
spoke design, with access to dedicated eating disorders inpatient beds.
Materials and methods: Prospective observational cohort study of all 
service users of pan-London T1DE between 2019-2022. We defined 
T1DE as patients with i) established diagnosis of T1D and ii) present-
ing with pervasive fear (affect) of insulin as weight gaining (cognition) 
and iii) insulin omission (behaviour) to control weight. We defined 
severity if at least 1 of the following was present: glycated hemglobin 
A1c (HbA1c)>=10% in the past year, ≥1 hospital admission in diabetic 
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ketoacidosis (DKA) in the past 2 years, recurrent severe hypoglycemia 
or body mass index (BMI) ≤15kg/m2

Results: Of 78 patients referred, 66 (63 women/3men; ethnicity 53% 
white/18% black or mixed-black/ 3% Asian or mixed-Asian) attended the 
baseline multidisciplinary assessment. They were 24.9±8.6 (16-61) years 
old, with 14±7.6 (2-33) years diabetes duration, Hba1c 11.3±2.8 (6.5-
17.5)% and BMI 23.4±6.0(13-36)kg/m2; 47% presented with ≥1 DKA 
admission and 17% with a severe hypoglycaemic episode. At follow up 
(1/2023), 4 were discharged following their initial assessment (pregnancy, 
moving out of area, lost for follow up) 41 (62%) were discharged within 
12 months following treatment and 21 (32%) were receiving active care. 
On average, patients accessed the T1DE service for 16±9.5 (0-36) months, 
27 (41%) received diabetes cognitive behavioural therapy (CBT) and 24 
(36%) psychoanalytical psychotherapy. The proportion of patients admitted 
in DKA was halved (47% tp 25%; p<0.03), the total number of DKA epi-
sodes dropped from 113 to 16 and severe hypoglycaemia episodes from 53 
to 9 per year; individual difference to baseline HbA1c reduction -1.37±2.1 
to 10.5±2.7 follow-up HbA1c (p=0.03).
Conclusion: We have developed a multidisciplinary regional service 
integrating diabetes and mental health care (psychiatry, psychoana-
lytical psychotherapy, CBT) tailored to severe T1DE and successfully 
delivered clinical care in the public health care setting to a diverse 
group of patients with T1DE. We demonstrate clinical improvement 
of surrogate markers for acute and chronic diabetes complications. 
The National Health Service England is now rolling this service 
model out more widely with 5 more pilot sites in England.
Supported by: NIHR, NHS-E&I
Disclosure: M. Stadler: None.

818
Retrospective controlled study shows intermittently scanned 
CGM is associated with lower HbA1c and reduced hospitalisa-
tion for diabetes events in adults with type 1 diabetes in Sweden
K. Eeg-Olofsson1, D.  Nathanson2, T.  Spelman3, M.  Kyhlstedt3, E. 
Bülow4, F. Levrat-Guillen5, J.  Bolinder2;
1Department of Molecular & Clinical Medicine, Sahlgrenska Univer-
sity Hospital, Gothenberg, Sweden, 2Department of Medicine, Karo-
linska University Hospital, Stockholm, Sweden, 3Synergus RWE AB, 
Åkersberga, Sweden, 4Registercentrum, Västra Götaland, Sweden, 
5Abbott Laboratories Ltd, Maidenhead, UK.

Background and aims: We assessed the impact of initiating intermittently-
scanned continuous glucose monitoring (isCGM) compared to self-monitor-
ing of blood glucose monitoring (BGM) on changes in HbA1c from baseline 
for adults with type 1 diabetes (T1DM) and on the rates of hospital admission 
for acute events and for any reason. We used linked analysis of the Swedish 
National Diabetes Register (NDR) and the Swedish National Patient Register 
(NPR), which contains information on completed hospital admissions.
Materials and methods: A retrospective controlled cohort study 
using data from the NDR and NPR was conducted on adults aged ≥18 
years with T1DM and an index date for first reimbursement of isCGM 
after 30/06/2017 in the NDR. Included individuals were then linked 
to NPR data records with anonymized data extraction for up-to 24 
months before and after their index date. A control group of adults with 
T1DM were identified for comparison who met the criteria for isCGM 
prescription but who continued BGM testing only. Probability of Treat-
ment Weighting (PS-IPTW) mean regression was used to compare 
changes in HbA1c between cases and controls, and PS-IPTW nega-
tive binomial regression was used to compare hospital admission rates 
for hypoglycemia, diabetic ketoacidosis (DKA) and overall hospital 
admissions. Rates of hospital admission of hypoglycaemia, DKA and 
hospitalisation for any reason were calculated per 100 person-years of 
mean follow up time (cases=3.3 yrs, controls=3.4 yrs).

Results: We identified 11,822 adults with T1DM and an index date 
for isCGM after 30/06/2017 and HbA1c baseline value 3-8 months 
prior to index date. These were compared with 3,007 controls. Mean 
baseline adjusted change in HbA1c for all isCGM users compared to 
controls was -0.30 percentage points (-3.3 mmol/mol) at 6 months, 
-0.25 percentage points (-2.8 mmol/mol) at 12 months and -0.24 per-
centage points (-0.27 mmol/mol) at 24 months (p<0.001 in all cases). 
Number of hospital admission as well as adjusted relative risks for 
hypoglycaemia, DKA and hospitalisation for any reason were reduced 
for isCGM users compared to controls, as shown in Table 1.
Conclusion: This retrospective controlled cohort study shows that adults 
in Sweden with T1DM who initiate isCGM have significantly reduced 
HbA1c for 24 months, compared to a BGM control group, as well as 
lower risk for hospitalisation for hypoglycaemia, DKA and hospital 
admission for any reason, including acute diabetes-related complications.

Supported by: Funded by Abbott Diabetes Care
Disclosure: K. Eeg-Olofsson: Grants; Abbott Diabetes Care.

819
Impact of insulin resistance measured by estimated glucose dis-
posal rate on continuous glucose monitoring parameters in type 
1 diabetes
M. Parise1, A. Cutruzzolà1, S. Di  Molfetta2, S. Lucà1, C.  Irace1, A. 
 Gnasso1;
1Magna Grecia University of Catanzaro, Catanzaro, Italy, 2University 
of Bari, Bari, Italy.

Background and aims: Insulin resistance (IR) is emerging in 
patients with type 1 diabetes (DT1). The estimated Glucose Dis-
posal Rate (eGDR) reliably measures insulin sensitivity, and lower 
values are associated with IR, and increased risk of mortality and 
long-term diabetes complications. We conducted our study with the 
aim of evaluating if eGDR associates with the continuous glucose 
monitoring (CGM)-derived parameters in DT1.
Materials and methods: Patients with DT1 wearing the CGM 
system, and treated with multiple daily injections or insulin 
pump therapy underwent clinical examination, carotid artery 
ultrasound evaluation, and blood sample collection. eGDR 
was calculated as: 21.158 + (-0.09*WC) + (-3.407*HTN) 
+(-0.551*HbA1c) where HTN is referred to the presence of 
hypertension (0=no,1=yes) and WC is waist circumference. The 
14 days CGM-derived glucometric parameters (Time in Range-
TIR, Time Below Range-TBR, Time Above Range-TAR, Glucose 
Monitoring Indicator-GMI, and Coefficient of Variation-CV) 
were collected. Patients were divided into eGDR tertiles (the 
1st: 5.3±1.3, the 2nd: 8.8±0.5, the 3th: 10.4±0.6), and appropri-
ate statistical analysis performed.
Results: We enrolled 158 patients, 83 females and 75 males (age 39±13 
years, disease duration 22±12 years, body mass index 25.8±4.7kg/m2, 
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HbA1c 7.5±1.2 %, eGDR 8.2±2.3 mg/kg/min). Patients in the  1st tertile 
had a significantly lower TIR, higher TAR and GMI, and higher mean 
daily glucose compared to the  3th tertile (Table 1). No difference in 
TBR and CV was detected among tertiles. Moreover patients in the  1st 
tertile were predominantly males, with longer disease duration, and had 
a worst metabolic profile with higher body mass index, waist circumfer-
ence, blood pressure, HbA1c, LDL-cholesterol, triglycerides, transami-
nases, uric acid, and lower HDL-cholesterol and heart rate. Finally, 
patients in the  1st tertile had also a higher intima-media thickness of 
carotid arteries and higher prevalence of microvascular complications.
Conclusion: Our findings demonstrate that lower eGDR values sig-
nificantly and negatively affect glucose control identified by new 
CGM-derived parameters. Moreover DT1 patients with a lower eGDR 
value had a higher prevalence of cardiovascular risk factors as well as 
microvascular complications. eGDR could be a valid tool to identify 
patients with IR needing a more aggressive treatment.

Disclosure: M. Parise: None.

820
By how much does red blood cell status affect the accuracy of 
HbA1c?
S.E. Manley1,2, A.  Karwath2,1, R.A.  Round1, I.M.  Stratton3,4, G.V. 
 Gkoutos2,1, S.  Mostafa1,2, G.A.  Roberts5,6, J.  Webber1;
1University Hospitals Birmingham NHS Foundation Trust, Birming-
ham, UK, 2University of Birmingham, Birmingham, UK, 3University 
of Southampton, Southampton, UK, 4University of Oxford, Oxford, 
UK, 5University Hospital Waterford, Waterford, Ireland, 6Swansea 
University, Swansea, UK.

Background and aims:  HbA1c testing is key to diagnosis, management, 
and remission of type 2 diabetes. It provides a measure of glucose exposure 
over the previous few months. However, in some people it does not reflect 
circulating glucose well. WHO has outlined some medical conditions and 
drugs affecting haematological factors which impact on this relationship. 
Patients were recruited from relevant, hospital outpatient clinics to identify 
and quantify any discrepancies between  HbA1c and glucose results, and to 
investigate the relationship with their haematology profiles.

Materials and methods: Patients were recruited for 3 consecutive clinic 
visits, 20 with diabetes as the control group and 10 for each of the conditions 
outlined below. There was data for those on ribavirin with liver disease (LD) 
and hepatitis C (HC) or on dapsone at their first visit, and for those with 
macrocytosis at all 3 visits, Fig A. Data was available for the subsequent 
2 visits for those with LD and HC when off ribavirin, and for 3 visits for 
patients with LD and non-alcoholic steatohepatitis and cirrhosis, rheumatoid 
arthritis, renal disease on erythropoietin (EPO), renal disease off EPO, or 
with microcytosis, Fig B. Glucose,  HbA1c and full blood count were available 
from hospital records with  HbA1c measured on Tosoh G8 high performance 
liquid chromatography analysers; reference range 20 to 42mmol/mol.
Results: There was divergence in the relationship of  HbA1c to glu-
cose in the groups displayed in Figs A & B compared with the control 
group of those with diabetes not affected by these medical condi-
tions, both p<0.001.  HbA1c was more depressed falling below the 
linear regression line and in some cases below the 95% prediction 
line for the groups in Fig A, on ribavirin or dapsone, or diagnosed 
with macrocytosis. Their mean red blood cell volume was higher, and 
cell count lower than for the patients with diabetes indicating mac-
rocytosis.  HbA1c was less depressed relative to glucose for the other 
groups displayed in Fig B from renal, liver and haematology clinics.
Conclusion: Depression of  HbA1c relative to glucose indicates less 
contact for haemoglobin with glucose than for those patients without 
these medical conditions. Macrocytes are known to turnover faster than 
normal red blood cells and were apparent in the cohorts displayed in 
Fig A. The depression of  HbA1c relative to glucose observed in all the 
groups studied would result in under-diagnosis and under-treatment of 
type 2 diabetes, and over-estimation of remission status. Issues affect-
ing  HbA1c accuracy should be considered when requesting  HbA1c; 
non-diabetes specialists should seek advice on discordant results and 
factors demonstrated to cause depression or elevation of  HbA1c relative 
to glucose should be flagged on electronic patient records.
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Supported by: GA Roberts Research Fund, UHB Charity, MR/
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MAESTRIA (Grant agreement ID 965286)
Disclosure: S.E. Manley: None.
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Intermittently-scanned CGM is associated with lower HbA1c and 
reduced hospital admissions for adults with type 2 diabetes on insu-
lin therapy in Sweden: a retrospective controlled study
D. Nathanson1, K. Eeg-Olofsson2, T.  Spelman3, E. Bülow4, M. 
 Kyhlstedt3, F. Levrat-Guillen5, J.  Bolinder1;
1Department of Medicine, Karolinska University Hospital Huddinge, 
Stockholm, Sweden, 2Department of Molecular & Clinical Medicine, 
Sahlgrenska University Hospital, Gothenberg, Sweden, 3Synergus 

RWE AB, Åkersberga, Sweden, 4Registercentrum, Västra Götaland, 
Sweden, 5Abbott Laboratories Ltd, Maidenhead, UK.

Background and aims: We assessed the impact of initiating intermit-
tently-scanned continuous glucose monitoring (isCGM) compared to 
blood glucose (BGM) on changes in HbA1c from baseline for adults 
with type 2 diabetes (T2DM), as well as the rates of hospital admis-
sion for hypoglycemia and overall hospitalization for any reason. 
We used linked analysis of the Swedish National Diabetes Register 
(NDR), the Swedish Prescribed Drug Register (SPDR), containing 
individualised data on prescribed drugs, and the Swedish National 
Patient Register (NPR) of hospital admissions.
Materials and methods: This retrospective controlled study used 
linked-analysis of the NDR, SPDR and NPR on adults aged ≥18 yrs 
with T2DM and an NDR index date for isCGM reimbursement after 
30/06/2017. Included individuals were linked to SPDR records to 
identify subgroups on multiple daily insulin injections (T2D-MDI) 
or on basal insulin ± other glucose lowering drugs (T2D-B). NPR 
data was used to assess hospital admission rates. Control groups of 
adults with T2DM were identified who met isCGM prescription cri-
teria but used BGM testing only. Probability of Treatment Weighting 
(PS-IPTW) mean regression was used to compare changes in HbA1c 
between cases and controls, and PS-IPTW negative binomial regres-
sion was used to calculate rates of hospital admission for diabetes-
related events per 100 person-years of mean follow up (cases=3.4 
yrs, controls=3.5 yrs).
Results: We identified 2,876 adults with T2DM-MDI and 2,292 with 
T2D-B who started isCGM after 30/06/2017, matched with 33,584 and 
43,424 controls respectively. Baseline adjusted change in mean HbA1c 
for isCGM users in the T2D-MDI cohort was -0.34 percentage points 
(-3.7 mmol/mol) at 6 months, maintained at 24 months and change in 
HbA1c in the T2D-B cohort at 6 months was -0.32 percentage points 
(-3.5 mmol/mol), maintained at 24 months (Fig 1). Compared to BGM 
controls, isCGM users in the T2D-MDI cohort had significantly lower 
relative risk (RR) of admission for severe hypoglycaemia (RR=0.51 
[0.27, 0.95]; p=0.034) or hospitalisation for any reason not limited 
to hypoglycemia (RR=0.84[0.77,0.90], p<0.001). The T2D-B cohort 
had lower risk of hospitalisation for any reason (RR=0.76 [0.69, 0.84]; 
p<0.001).
Conclusion: This retrospective controlled study shows that Swedish 
adults with T2DM on insulin treatment who initiate isCGM have 
significantly reduced HbA1c and lower rates of hospital admission, 
compared to BGM controls. These reductions are comparable in peo-
ple with T2DM on either MDI or basal-only insulin treatment.

Supported by: Funded by Abbott Diabetes Care
Disclosure: D. Nathanson: Grants; Abbott Diabetes Care.
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Effectiveness of an HbA1c screening programme for in-patients 
and its impact on diabetes management in different departments 
of a large hospital centre in Germany
C. Jacob1,2, A.  Staudt1, J.-P.  Ritz1, S.  Zimny1,3, H.S.  Willenberg2, 
U.D.  Lichtenauer1,3;
1Helios Kliniken Schwerin, Schwerin, Germany, 2Universitätsmedizin 
Rostock, Rostock, Germany, 3Medical School Hamburg, Hamburg, 
Germany.

Background and aims: Acute hyperglycemic decompensation must 
be dealt with in an ever-growing number of patients in hospitals. The 
aim of this study was to evaluate the detection rate of hyperglycemia, 
the potential of a standardized HbA1c-screening and its effect on in-
hospital diabetes management.
Materials and methods: In a maximum care hospital in Germany, 
we screened all in-patients of a large internal medicine (INT), and 
surgical (SUR) department in 2019 for uncontrolled hyperglycemia 
(defined as HbA1c > 8.0%, serum glucose > 11.0 mmol/l (200 mg/
dl), or at least 2 point-of-care blood-sugar-measurements (POCT) > 
11.0 mmol/l) in comparison to patients of the diabetes department 
(DIA). Since normal distribution of the continuous variables was 
not met in the Kolmogorov-Smirnov test, statistical analyses were 
performed using the Kruskal Wallis test, Mann-Whitney-U test or 
Wilcoxon test. Effects on the probability of diabetes team consulta-
tion or insulin adjustment were examined using binary logistic regres-
sion. The significance level for all statistical analyses was p ≤ 0.05.
Results: Overall, 856 out of 2892 patients were identified with 
uncontrolled diabetes, equivalent to a prevalence of 17.8% (INT), 
34.2% (SUR), and 60.9% (DIA) among diabetic patients, and a 
prevalence of 5.3% (INT), 4.6% (SUR), and 25.7% (DIA) among all 
patients treated in these departments. In 86 patients (10.0%) diabetes 
was unkown thus far. However, glycemic dysregulation was recog-
nized only in 24.6% (INT), 14.0% (SUR), and 87.1% (DIA), and was 
primarily identified by HbA1c measurements in INT (95.8%) and 
DIA (94.6%), while in SUR, POCT measurements were preferred 
(85.7 %), which delayed the diagnosis (SUR 4.5 vs. INT 2.6 vs. DIA 
1.6 days, p = 0,026). HbA1c levels inversely correlated with the 
time until hyperglycemia was diagnosed (p = 0.002) and were asso-
ciated with a significant increase in diabetes team consultations (p 
< 0.01), which were asked for in 8.9% (INT) and 19.8% (SUR) of 
cases. This led in 60.0% (INT) and 56.5% (SUR) to an average insulin 
dose adjustment of 20 IU (INT) and 19 IU (SUR). Without diabetes 
team consultations, insulin was adjusted in 4.2% (INT) and 8.6% 
(SUR) only, resulting in insulin dose adjustments of 9 IE (INT) and 
14 IE (SUR) respectively. Similarly, with specialized advice, POCT 
values within a predefined target range of 3.9 - 10.0 mmol/l (70-180 
mg/dl) increased from admission to discharge from 32.5% to 51.6% 
(p < 0.01, INT) and from 20.0% to 35.1% (p = 0,02, SUR) whilst 
remaining unchanged in patients without diabetes team consultations. 
The duration of stay was similar between all groups, and was not 
influenced by diabetes team consultations, or the implementation of 
its recommendations (p = 0.328; p = 0.983). Only 18 patients were 
directly referred, or electively readmitted to the diabetes department.
Conclusion: In conclusion, uncontrolled hyperglycemia is common 
in non-diabetic hospital departments, however, remains undetected 
in most cases. HbA1c screening programs significantly increase the 
probability of detection. Diabetes team consultations lead to signifi-
cant insulin dose adjustments and to improved glycemic control.
Disclosure: C. Jacob: None.

SO 68 Where do the happiest people 
with diabetes live?
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Leveraging geographic data to support diabetes prevention efforts
T. Thomas1, W.  Dyer2, M.  Yassin2, L.  Rodriguez2, R.  Demissie2, T. 
 Moin3, O.  Duru3, J.  Schmittdiel2;
1Epidemiology and Population Health, Stanford University, Stanford, 
CA, USA, 2Division of Research, Kaider Permanente Northern Cali-
fornia, Oakland, CA, USA, 3UCLA, Los Angeles, CA, USA.

Background and aims: Over 33% of U.S. adults have prediabetes, 
or elevated glucose levels linked to diabetes incidence. The United 
States Preventive Services Task Force recommends screening adults 
aged 35-70 with overweight and obesity for diabetes and giving peo-
ple who screen positive for prediabetes access to evidence-based pre-
vention programs such as the Diabetes Prevention Program. Research 
assessing predictors of preventive screening is often focused on indi-
vidual patient factors, despite known relationships between neigh-
borhood environment and health. Concurrently, there is little data 
on potential prediabetes case clusters (‘hotspots’) to guide diabetes 
prevention program placement strategies. Our aim was to identify 
geographic correlates of diabetes screening and prediabetes hotspots 
in Northern California.
Materials and methods: We conducted a retrospective cohort study 
of 519,826 patients meeting screening criteria (age 35-70 years and 
BMI ≥25 kg/m2) in 2018 within Kaiser Permanente Northern Califor-
nia (KPNC), an integrated health care system with 4.5 million mem-
bers. We used logistic regression to assess the relationship between 
diabetes screening, Census tract-level measures, and area gentrifica-
tion measures developed by the Urban Displacement Project, control-
ling for patient age, sex, race, ethnicity, and BMI. We then employed 
a geospatial perspective to examine where 304,727 adults ages 35-70 
who screened positive for prediabetes (Hemoglobin A1c 5.7-6.4% 
or fasting plasma glucose/FPG 100-125 mg/dl) live using ArcGIS 
software, to map prediabetes hotspots in 2019.
Results: In 2018, 38% percent of eligible patients were screened 
for diabetes. Patients living in U.S. Census tracts with the lowest 
median values of homes (OR: .93, 95% CI: .90-.96) and with the 
lowest median household income (OR: .95, 95% CI: .91, .99) had 
lower odds of diabetes screening compared to those in tracts with 
the highest values. Patients living in Census tracts classified by the 
Urban Displacement Project as Ongoing Displacement/Low Income 
Susceptible to Displacement had lower odds of screening (OR: .96, 
95% CI = .93-.98) compared to those living in stable moderate mixed 
income tracts. Geospatial mapping identified five prediabetes hotspots 
in Alameda, Fresno, San Joaquin, Santa Clara, and Solano counties. 
Those living in prediabetes hotspots were less likely to be non-His-
panic White (34% vs. 51%, p<.001). Mean Census track-level median 
household income ($93,670 vs. $98,215, p<.05) and percent with a 
BA degree or higher (33.9% vs. 42.9%, p<.001) were lower in hot-
spots; percent receiving Medicaid (27% vs. 21%, p<.001) was higher.
Conclusion: Gentrification and area-level socioeconomic factors 
were associated with diabetes screening, even after adjusting for 
individual demographic and clinical factors and prediabetes cases 
clustered in geographic hotspots associated with differing sociode-
mographic characteristics. Living in census-tracts with lower median 
household income was associated with both lower odds of diabetes 
screening and the presence of prediabetes hotspots. Communities 
and health care systems should consider providing economic and 
community resources as a path to improving preventive care. Policy 
makers and health care providers can also use this information to 
target diabetes prevention resources and outreach.
Supported by: R18DK122372-01A1
Disclosure: T. Thomas: None.
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Socioeconomic inequalities in diabetes prevalence in Europe
S. Sidahmed, S. Geyer, J. Beller;
Hannover Medical School, Hannover, Germany.

Background and aims: Diabetes prevalence is steadily increasing 
in Europe. This study aims to compare diabetes prevalence and the 
existence of related socioeconomic inequalities between 19 European 
countries.
Materials and methods: Using data from The European Social Survey 
(ESS), there were 35,256 participants (52.52% women) aged 15+ years 
from Austria, Belgium, Czechia, Denmark, Finland, France, Germany, 
Hungary, Ireland, Lithuania, Netherlands, Norway, Poland, Portugal, 
Slovenia, Spain, Sweden, Switzerland and United Kingdom. Educational 
level was used as the indicator for socioeconomic inequalities. Logistic 
regression analyses were calculated predicting diabetes via educational 
level controlled for age and gender. Differences in the effect size of edu-
cation on diabetes prevalence between countries were then examined.
Results: Overall diabetes prevalence in Europe was reported to be 
5.48%, and was higher in participants from Eastern and Southern 
Europe compared to participants from Northern and Western Europe. 
Additionally, men in Western and Northern Europe had higher risk 
of developing diabetes compared to women. Participants with tertiary 
level of education had lower risk of developing diabetes in all European 
regions except the Eastern region.
Conclusion: Participants with lower educational level had a higher 
chance of reporting having diabetes. However, the size of these socio-
economic inequalities regarding diabetes prevalence depended on the 
participant’s country, with participants from Eastern European countries 
reporting the highest inequalities.
Disclosure: S. Sidahmed: None.

825
Country background, education level, employment and disability 
in young-onset type 2 diabetes
K. Tibballs1, L. Kirkebøen2, A.  Jenum1, J.  Straand1, E.S.  Buhl1;
1Department of General Practice, University of Oslo, Oslo, Norway, 
2Statistics Norway, Oslo, Norway.

Background and aims: Young-onset type 2 diabetes (YOD - diagnosis 
before age 40) entails high disease burden and is mainly managed in 
general practice. Knowledge of how socioeconomic status and country 
background impact YOD risk is sparce. We aimed to study effects of 
education level and country background on YOD risk and effects of 
YOD on employment and disability.
Materials and methods: Cross-sectional data on 10241 individuals with 
type 2 diabetes (T2D) from Norwegian general practices (ROSA 4 study, 
2014), linked to data on country background, education level, disability ben-
efits and employment, were compared with population data matched for age, 
sex and residential area. Using negative binomial regression and adjusting for 
age and sex, we analyzed YOD risk by country background and education 
level, and the effects of YOD on risk of disability and labour market absence.
Results: T2D risk was increased in non-Western compared to Nor-
wegian background. South Asians exhibited the greatest risk increase, 
five-fold for T2D (adjusted incidence rate ratio, aIRR 4.7 (4.3-5.2)) and 
nine-fold for YOD (aIRR 8.9 (7.3-11.0)). T2D risk in low education was 
almost double that in high education, with YOD risk significantly higher 
than for later onset T2D (see table). There was significant interaction 
between low education and country background, with only Westerners 
exhibiting a substantially increased risk of YOD (aIRR 3.2 (2.4-4.4)). 
Disability risk was doubled in T2D (aIRR 2.2 (2.0-2.3) and three-fold 
higher in YOD (aIRR 3.1 (2.7-3.5) than in the population. Workforce 
participation was only reduced in T2D diagnosed before age 50.

Conclusion: Non-Western, particularly South Asian background and 
low education was associated with increased risk of YOD. Low educa-
tion was an important YOD risk factor only for Westerners. Risk of 
disability and labour market absence was significantly higher in YOD 
than in later onset T2D and in the general population.

Supported by: Norwegian Research Fund for General Practice
Disclosure: K. Tibballs: Grants; Norwegian Research Fund for Gen-
eral Practice.

826
Quantifying the benefits of pursuing early and intensive meta-
bolic control in patients with type 2 diabetes in Italy
P. Arietti1, K.S.  Boye2, M.  Guidi1, J.  Rachmann3, M. Orsini 
 Federici1, R.  Raiola1, A.  Avitabile1, W.J.  Valentine4;
1Eli Lilly and Company, Sesto Fiorentino, Italy, 2Eli Lilly and Com-
pany, Indianapolis, Switzerland, 3Eli Lilly and Company, Basing-
view, UK, 4Ossian Health Economics and Communications, Basel, 
Switzerland.

Background and aims: Despite international and Italian guidelines 
endorsing standards of care for type 2 diabetes through tight glycemic 
control and management of modifiable risk factors such as body weight, 
blood pressure and serum lipid levels to reduce the risk of diabetes-related 
complications, the majority of patients are failing to meet recommended 
targets in Italy. Consequently, the humanistic and economic burden of the 
disease is high with estimates indicating that approximately 75% of health-
care spending on diabetes in Italy is associated with the management of 
related complications. The aim of the present analysis was therefore to 
quantify the potential long-term clinical and cost benefits of providing 
early and intensive metabolic control (EIMC) versus conventional manage-
ment in patients newly diagnosed with type 2 diabetes in Italy.
Materials and methods: The PRIME T2D Model was used to 
make projections of clinical and cost outcomes over long-term 
time horizons for a cohort of patients receiving EIMC or conven-
tional management. Baseline characteristics for the population were 
derived from an Italian cohort study (mean age 60 years, duration 
of diabetes 0.25 years, mean glycated hemoglobin (HbA1c) 6.6% 
[48.6 mmol/mol] and body mass index (BMI) 29.6 kg.m-2). EIMC 
was assumed to reduce HbA1c to a population mean of 6.0% [42.1 
mmol/mol] with weight loss of 9.5 kg in the first year after diag-
nosis for a duration of 6 years, before gradually returning to the 
same levels as the conventional management arm over the next 6 
years. Modifiable risk factors were assumed to progress over time 
based on published regression functions. Direct and indirect costs 
associated with diabetes-related complications were accounted in 
2021 Euros (EUR), with unit costs and health state utilities derived 
from published sources. Future costs and clinical benefits were dis-
counted at 3% annually.
Results: EIMC was associated with a reduced risk of diabetes-related 
complications leading to improvements in life expectancy, quality-
adjusted life expectancy and reduced complication costs. For the pop-
ulation diagnosed with type 2 diabetes in 2022 (estimated at 216,417 
cases), EIMC was projected to add approximately 33,100 years of life 
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and approximately 55,400 quality-adjusted life years versus conven-
tional management. Cost savings with EIMC were estimated to be 
approximately EUR 494 million and EUR 608 million in the incident 
population at 10- and 20-year time horizons, respectively.
Conclusion: Long-term projections using a published and validated 
model of type 2 diabetes indicated that EIMC has the potential to 
substantially improve clinical outcomes and reduce complication 
costs compared with conventional management of patients with type 
2 diabetes in Italy.
Supported by: WJV is an employee of Ossian Health Economics 
and Communications, which received financial support from Eli 
Lilly and Company to conduct the analysis.
Disclosure: P. Arietti: Employment/Consultancy; I am an 
employee of Eli Lilly and Company.

827
Effects of national reimbursement policy supporting test strips 
on glycaemic control in patients with insulin-treated diabetes: 
a longitudinal study
S. Cho1, S.  Kim2, R.  Oh1, Y.-B.  Lee1, S.-M.  Jin1, M.  Kang3, G. 
 Kim1, J.  Kim1;
1Division of Endocrinology and Metabolism, Department of Medi-
cine, Samsung Medical Center, Sungkyunkwan University School 
of Medicine, Seoul, Republic of Korea, 2Department of Clinical 
Research Design and Evaluation, Samsung Advanced Institute 
for Health Sciences and Technology, Sungkyunkwan University, 
Seoul, Republic of Korea, 3Department of Digital Health, Samsung 
Advanced Institute for Health Sciences and Technology, Sungk-
yunkwan University, Seoul, Republic of Korea.

Background and aims: Self-monitoring blood glucose is an impor-
tant factor for glycemic control in patients with diabetes. Many 
countries have implemented policies to support self-monitoring 
blood glucose for better glycemic control. The long-term effects 
of supporting the cost of self-monitoring blood glucose strips for 
glycemic control in type 1 diabetes mellitus and insulin-treated 
type 2 diabetes mellitus have been identified in only a few studies. 
Therefore, in the present longitudinal study, the effectiveness of the 
national reimbursement policy supporting blood glucose test strips 
on glycemic outcomes in patients with type 1 diabetes mellitus or 
insulin-treated type 2 diabetes mellitus was evaluated.
Materials and methods: Type 1 diabetes mellitus and insulin-
treated type 2 diabetes mellitus patients for whom the cost of blood 
glucose strips was and was not supported were included in the 
present study. Longitudinal changes in HbA1c were repeatedly 
measured in type 1 diabetes mellitus and insulin-treated type 2 
diabetes mellitus patients at baseline, and 3, 6, 9, and 12 months. 
The inverse probability of treatment weighting linear mixed effect 
model analysis was used.
Results: Among type 1 diabetes mellitus and insulin-treated type 2 dia-
betes mellitus patients, subjects who received support for strip prescrip-
tions showed significantly decreased HbA1c levels (0.78% and 0.92% 
at 12 months, respectively), with significant between-group differences 
compared with subjects who did not receive support (p < 0.001). When 
using the inverse probability of treatment weighting linear mixed effect 
model analysis after adjusting for covariates, the mean reduction in 
HbA1c every 3 months in type 1 diabetes mellitus and insulin-treated 
type 2 diabetes mellitus subjects with strip prescriptions was −0.105% 
(95% CI: −0.197 to −0.014) and −0.112% (95% CI: −0.143 to −0.082), 
respectively, compared with their respective control groups without 
strip prescriptions.
Conclusion: To the best of our knowledge, this study is the first in 
which the effects of a reimbursement policy supporting the cost of 
blood glucose strip prescriptions on longitudinal glycemic control 

in patients with type 1 diabetes mellitus or insulin-treated type 2 
diabetes mellitus were assessed. Subjects who benefited from the 
policy showed significant reduction in HbA1c levels after 3, 6, 9, 
and 12 months of follow-up compared with baseline in patients 
with type 1 diabetes mellitus or insulin-treated type 2 diabetes 
mellitus, resulting in significant between-group differences. In 
conclusion, the reimbursement policy supporting the cost of blood 
glucose strip prescriptions was associated with significant reduc-
tion in HbA1c levels in patients with type 1 diabetes mellitus or 
insulin-treated type 2 diabetes mellitus.
Supported by: Korea Health Industry Development Institute
Disclosure: S. Cho: None.

828
Regulatory actions to avoid shortage were taken in Sweden 
when insulin hoarding was observed during the early phase of 
the COVID-19 pandemic
B. Zethelius, A. Sundström, K. Nordback, K.-M. Kälkner, R. Ljung;
Swedish Medical Products Agency, Uppsala, Sweden.

Background and aims: In the early phase of the COVID-19pan-
demic, the spread of the SARS-Cov-2-virus was intense, exponen-
tially affecting the countries on the planet. Social media activities 
and media attention were high. Panic-buying and hoarding occurred 
including medicines. The aim of this letter is to report on hoarding 
of prescribed medicines with focus on insulins, during the early 
phase of the pandemic and the regulatory actions taken in Sweden 
to avoid shortage. Sweden has a subsidised system for medicines. 
A prescription is at pharmacies normally dispensed for up to three 
months of usage. However, a patient may opt to pay the full price, 
him or herself and thus be dispensed up to 12 months of usage at 
a one single occasion.
Materials and methods: Using data from the National Prescribed 
Drug Register, which covers the total Swedish population, held by the 
National Board of Health and Welfare, we calculated number of pack-
ages of insulins, oral anti-diabetic medicines, glucose test strips and all 
medicines across all ATC-codes dispensed per week in 2019 and 2020.
Results: Prompt increases in numbers of dispensed packages per 
week at pharmacies throughout Sweden were observed in the begin-
ning of March and peaking at week 11/2020: a) Insulins increased 
by 92.7% compared to week 11/2019, peaking at 95 767 packages; 
b) oral antidiabetic medicines by 47.1%, peak 82 684; c) glucose 
test stripes by 29.6%, peak at 23 476 and d) all medicines across all 
ATC-codes by 33.7% peak 2 659 421. On  18th March 2020 (week 
12/2020) the Swedish Medical Product Agency (SMPA) appealed 
to pharmacies to voluntary restrict dispensing covering more than 
three-months-use until an SMPA-request to the Swedish government 
on a rapid change to the applicable regulation was executed. The 
new regulation was in place on  1st April 2020 restricting dispensing 
to a maximum of three months of use. Following  18th March a steep 
decline occurred which became more pronounced after  1st April, then 
levelling out during the following months.
Conclusion: The rapid and large increase in dispensed insulin observed 
in March 2020 is understandable from a patient perspective as dia-
betes patients treated with insulin are aware of the vital necessity of 
their medication. A steep decline in hoarding occurred after the new 
regulation, restricting dispensing was in place. For discussion: In the 
event of possible international escalations of medicine shortages in 
cases of prolonged crisis situations, questions within the field of dia-
betes treatment appears. What guidelines are there on how to decide 
on treatments and prescriptions to diabetes patients when a shortage 
of insulin is at hand? How to prioritize the patients at highest needs 
in times of prolonged shortage situations? How can vital insulin need 
for type 1 diabetes be met on the same time as type 2 diabetes patients 
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receive satisfying treatment for their glucose control? Such questions 
are of importance to be discussed before a crisis is at hand. Would a 
proactive guideline approach for clinicians highlighting and prioritizing 
patients with a vital need for insulin when prescribing during a period 
of shortage be a good complement to regulatory actions? With back-
ground in the results presented we suggest a possible discussion within 
the scientific community on how clinical recommendations guiding in 
these matters can be obtained.
Disclosure: B. Zethelius: None.

829
Socioeconomic status as determinant for development of comor-
bidities in people with type 1 diabetes: a nationwide register study 
in Denmark from 1998-2018
J.D. Andersen1,2, C.W.  Stoltenberg1,2, M.H.  Jensen1,2, P. 
 Vestergaard2,3, O.  Hejlesen1, S.  Hangaard1,2;
1Department of Health Science and Technology, Aalborg University, 
Gistrup, Denmark, 2Steno Diabetes Center North Denmark, Aalborg 
University Hospital, Aalborg, Denmark, 3Department of Endocrinol-
ogy, Aalborg University Hospital, Aalborg, Denmark.

Background and aims: Evidence concerning the influence of socio-
economic status (SES) on development of comorbidities related to 
type 1 diabetes remains sparse. Type 1 diabetes is associated with 
increased risk of morbidities such as cardiovascular disease (CVD) 
and diabetic kidney disease (DKD). This risk is further increased 
among people with lower SES. For people with type 1 diabetes and 
comorbidities, inequalities in healthcare have particular relevance 
since low SES is likely to contribute to worse health-related outcomes 
prospectively. This study aimed to describe the incidence of type 1 
diabetes with and without comorbidities in Denmark over a 20-year 
span and explore the associations between SES and development of 
comorbidities.
Materials and methods: Nationwide data from the Danish National 
Patient Registry were linked to other national registers whereby infor-
mation on administrative data, diagnoses, education, income, comor-
bidities, and medication was obtained. Incidence of type 1 diabetes, 
type 1 diabetes with CVD, and type 1 diabetes with DKD from 1998 to 
2018 in Denmark was assessed. SES was assessed by both educational 
attainment and personal income. People were followed from diabetes 
diagnosis until a first incident event, death, or end of follow-up, which-
ever came first. Cox proportional hazards models were used to quantify 
the associations between SES and development of comorbidities with 
covariate adjustments.
Results: We included 34,755 people who had type 1 diabetes from 1998 
to 2018. Median (IQR) age and follow-up was 37 (21-54) and 11 (4-20) 
years. In the study period there were 14,779 incident cases of type 1 
diabetes. The incidence rate of CVD was 16.1 per 1000 person-years 
whereas it was 10.4 per 1000 person-years for DKD. Compared with 
having high education, having medium or low education was associ-
ated with increased risks of developing a comorbidity by 24% (HR 1.24, 
95% CI 1.17, 1.34) and 48% (HR 1.48, 95% CI 1.39, 1.58) respectively 
(Table 1). Similar results were observed regarding income where having 
high income, compared to having medium or low income, was associ-
ated with increased risks of developing a comorbidity by 53% (HR 1.53, 
95% CI 1.43, 1.63) and 114% (HR 2.14, 95% CI 1.99, 2.31) respectively 
(Table 1). Models adjusted for age and gender minimized the risks, indi-
cating that age was not evenly distributed across groups, and showed that 
risks were higher for men (15% for education, 24% for income).
Conclusion: Low SES increases the risk of developing comorbidities 
in people with type 1 diabetes. These findings indicate that SES is a 
factor that need to be considered when referring to additional treat-
ment or aiming to prevent or predict development of comorbidities 
in people with type 1 diabetes.

Disclosure: J.D. Andersen: None.

830
Consistent performance of the MiniMed 780G system across con-
tinents: a world-wide real-world analysis
T. van den Heuvel1, A.  Arrieta1, J.  Castaneda1, R.  Vigersky2, O. 
 Cohen1;
1Medtronic, Tolochenaz, Switzerland, 2Medtronic, Northridge, CA, 
USA.

Background and aims: There are large disparities in ethnic and 
regional representation in clinical and real-world studies on the use 
and outcomes of technology in type 1 diabetes (T1D). Inclusive stud-
ies may boost the acceptability of and the access to medical devices 
by historically excluded populations and geographies while poten-
tially identifying differences in outcomes between various ethnic 
groups and regions. Herein, we report the real-world results of the 
MiniMed 780G system in users from various geopolitical regions 
across the world.
Materials and methods: ’CareLink Personal’ data from August 
2020 to December 2022 were extracted from MiniMed 780G sys-
tem users who provided consent. Users with ≥10 days of sensor 
glucose (SG) data after advanced hybrid closed loop (AHCL) ini-
tiation were included in analyses. Continuous glucose monitoring 
(CGM) based endpoints were aggregated for cohorts based on 
geopolitical regions: Europe, Middle East, Africa, Latin Amer-
ica, Oceania, and Asia (North America is not included due to 
insufficient number of users meeting reporting criteria). We also 
analyzed data from those patients using recommended settings, 
defined as spending ≥95% of time with a glucose target (GT) of 
100 mg/dL and ≥95% of time with an active insulin time (AIT) 
of 2 hours.
Results: The CGM-based endpoints for the geopolitical regions are 
shown in the Table. The mean ± SD time in range (TIR) regardless 
of settings range from 71.5% ± 11.1% in Africa to 76.2% ± 9.1% in 
Latin America. For those using recommended settings, the range was 
77.2% ± 8.8% to 80.8% ± 7.2%, respectively. Across all regions, the 
time below range (TBR) <54 mg/dL was ≤ 0.6% and TBR <70 mg/
dL was ≤ 2.7%. The percentage of patients reaching international tar-
gets such as TIR>70%, TBR<4% and glucose management indicator 
<7% was high in all regions.
Conclusion: This analysis of real-world data from MiniMed 
780G system users demonstrates that all included geopolitical 
regions have an average glycemic control that exceeds inter-
nationally recommended targets and that use of recommended 
settings further improves glycemic outcomes and narrows the 
differences across regions. This suggests that the MiniMed 780G 
system harmonizes performance across disparate ethnicities and 
regions of the world.
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Disclosure: T. van den Heuvel: Employment/Consultancy; 
Medtronic.

SO 69 "When I’m sixty-four" (low 
and not-so-young)

831
The Hypo-RESOLVE QoL: a new patient reported outcome 
(PRO) to quantify the impact of hypoglycaemia on health-related 
quality of life
J. Carlton1, P.  Powell1, D.  Rowen1, M.  Broadley2, F.  Pouwer2, J. 
 Speight3, S.  Heller1, M.-A.  Gall4, M.  Rosilio5, C.J.  Child6, J.  Comins4, 
R.J.  McCrimmon7, B. de  Galan8, Hypo-RESOLVE Consortium;
1University of Sheffield, Sheffield, UK, 2University of Southern Den-
mark, Odense, Denmark, 3The Australian Centre for Behavioural 
Research in Diabetes, Melbourne, Australia, 4Novo Nordisk A/S, 
Søborg, Denmark, 5Eli Lilly & Company, Neuilly sur seine, France, 
6Eli Lilly and Company, Bracknell, UK, 7University of Dundee, 
Dundee, UK, 8Radboud University Medical Centre, Nijmegen, 
Netherlands.

Background and aims: Valid assessments of subjective experience 
through patient reported outcomes (PROs) are vital in the evaluation 
of clinical care and interventions in diabetes. Wherever possible, 
PROs should be tailored to the clinical condition to enhance sensitiv-
ity and reflect what matters to patients. Evidence suggests existing 
PROs are insufficient for assessing the impact of hypoglycaemia on 
health-related quality of life (HRQoL) in people living with diabe-
tes (PwD). As part of European research project Hypo-RESOLVE 
(Hypoglycaemia - REdefining SOLutions for better liVEs), we aimed 
to produce a PRO with strong evidence base: the Hypo-RESOLVE 
QoL.
Materials and methods: The Hypo-RESOLVE QoL was developed 
across three sequential stages. Stage 1 (concept elicitation): 31 semi-
structured interviews were conducted with PwD to identify aspects 
of HRQoL relevant to hypoglycaemia and generate initial content for 
the PRO. Stage 2 (refining the PRO): 83 cognitive interviews were 
conducted in the United Kingdom (UK) and Germany with PwD and 
clinicians to assess content validity. Stage 3 (psychometric survey): 
was conducted with over 1200 PwD to enable a statistical analysis of 
the performance of the PRO to inform final item selection. Final item 
selection was agreed by consensus with international multidisciplinary 
scientific and patient advisors.
Results: Stage 1: A HRQoL framework for hypoglycaemia was 
agreed, which consists of 3 high-level themes (physical, 26 items; 
psychological, 36 items; social, 14 items) and 17 sub-themes. Stage 
2: Critical refinements to the draft PRO were made, which included 
a reduction of items, rewording of items, the addition of new draft 
items, a 4-week recall period, and the choice of a ‘frequency’ 
response scale. Stage 3: Initial psychometrics suggested an unsatis-
factory fit to the underlying HRQoL model and potential problems 
at the item-level. Prior qualitative and current quantitative evidence 
on item performance was used to inform the removal of items until 
a 14-item PRO was developed that showed a satisfactory fit to the 
HRQoL model, χ2(74) = 466.45, p < 0.001; CFI = 0.944; RMSEA 
= 0.069 (0.063, 0.075), p < 0.001. Initial convergent validity and test 
retest reliability coefficients showed good performance of the PRO.
Conclusion: The Hypo-RESOLVE QoL is a new 14-item PRO 
which was designed, following best practice guidelines, to assess 
the impact of hypoglycaemia on HRQoL. The PRO has demon-
strable content, structural, and convergent validity; test retest reli-
ability; and was developed with a large dataset. Future work is 
ongoing to produce a preference-based measure (PBM) and asso-
ciated value sets, which can be used in cost-effectiveness studies.
Supported by: This project has received funding from the Innovative 
Medicines Initiative 2 Joint Undertaking (JU) under grant agreement 
No 777460
Disclosure: J. Carlton: None.
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Relationships between severe hypoglycaemia and impaired aware-
ness of hypoglycaemia with health status and cognition in adults 
with type 1 diabetes
E. Sepúlveda1,2, R. Poínhos3, D.  Carvalho4,5, G.  Nata6, S.A.  Amiel2,7, 
S.G.  Vicente1;
1Centre for Psychology at University of Porto, Faculty of Psychol-
ogy and Educational Sciences, Universidade do Porto, Porto, Portu-
gal, 2Diabetes Research Group, King’s College London, London, UK, 
3Faculty of Nutrition and Food Sciences, Universidade do Porto, Porto, 
Portugal, 4Department of Endocrinology, Diabetes and Metabolism, 
Centro Hospitalar São João, Porto, Portugal, 5Faculty of Medicine, 
Instituto de Investigação e Inovação em Saúde, Universidade do Porto, 
Porto, Portugal, 6Centre for Research and Intervention in Education and 
Centre for Psychology at Universidade do Porto, Faculty of Psychol-
ogy and Educational Sciences, Universidade do Porto, Porto, Portugal, 
7King’s College Hospital NHS Foundation Trust, London, UK.

Background and aims: Impaired awareness of hypoglycaemia (IAH) is 
associated with a three- to six-fold increased risk of severe hypoglycaemia 
(SH) in adults with type 1 diabetes (T1D). We aimed to explore the rela-
tionships between problematic hypoglycaemia (IAH and SH) and health 
status, global cognition and executive functions (EF) in adults with T1D.
Materials and methods: Problematic hypoglycaemia was assessed in 
adults with T1D who completed a Portuguese-language Gold score (GS) 
and the Minimally Modified Clarke Hypoglycaemia Survey (MMCHS), 
with a score of ≥4 in both to identify IAH; the Diabetes Health Profile 
(DHP total and dimensions: barriers to activity [BA], psychological 
distress [PD] and disinhibited eating [DE]) to assess health status and 
the Montreal Cognitive Assessment (MoCA total and domains: e.g., 
visuospatial skills, EF) and the INECO Frontal Screening (IFS total 
and individual items: e.g., Go-No-Go, backward digit span, working 
memory) for global cognition and EF, respectively. Univariate Analysis 
of Variance (UNIANOVA) was used to: (i) to assess differences between 
participants with T1D with and without SH in the 6-12 months before 
study (≥1 episodes) and/or with and without IAH by GS or by full 
MMCHS and by MMCHS awareness factor in terms of health status, 
global cognition and executive functioning, controlling for sex, diabetes 
duration and HbA1c; and (ii) to assess differences between a published 
non-diabetic population database and individuals with T1D in terms of 
EF controlling for sex. Z-scores were also used to adjust for the influ-
ence of age and education on individuals’ performance on cognition.
Results: In 190 participants (mean age and diabetes duration 38±13 
and 20±11 years respectively), prevalence of IAH by GS, IAH by full 
MMCHS and by the MMCHS awareness factor (factor 1, score ≥2 = IAH) 
and SH by factor 2 of the MMCHS were 24%, 14%, 29% and 37%, respec-
tively. Participants with either SH and/or IAH assessed by full MMCHS 
or by its factor 1 had worse health status on DHP total (all p<0.05) and 
PD (all p<0.05). Participants with SH and also with IAH assessed by full 
MMCHS had lower BA (p=0.001, p=0.019, respectively). Neither SH 
nor IAH were related to cognitive impairment. From the comparison with 
non-diabetic data, T1D was related to worse performance on IFS total 
score and also on inhibitory control, backward digit span, spatial working 
memory, proverbs interpretation and modified Hayling test (all p<0.005).
Conclusion: These data suggest that while T1D may be associated with 
impairments on higher cognitive processes, this is not driven by prob-
lematic hypoglycaemia. However, SH is associated with behavioural 
dysfunction and both SH and/or IAH are related to emotional distress.
Disclosure: E. Sepúlveda: None.

833
Naming hypoglycaemia: a narrative tool for young people with 
type 1 diabetes and their families
F. Rosário1, M.  Soares2, F.  Mesquita3, J.F.  Raposo1;

1Diabetology, APDP - Diabetes Portugal, Lisbon, Portugal, 2Litera-
ture, Instituto Superior de Ciências Sociais e Políticas, Lisbon, Portu-
gal, 3Narrative & Medicine research group, Lisbon University Center 
for English Studies, Lisbon, Portugal.

Background and aims: Hypoglycemia is a potentially threatening daily 
event, being as singular and unique as it is challenging to describe by 
those experiencing it. It constitutes a barrier in the management of dia-
betes by hindering communication with family members and health 
professionals and inducing defensive behaviors that aggravate control. 
Understanding how hypoglycemia affects the lives of adolescents with 
Diabetes and their relatives by probing into its verbalization contrib-
utes to a more effective communication between patients, relatives, and 
healthcare professionals, thus improving the quality of healthcare.
Materials and methods: Participants were: 1) young people with Type 1 
Diabetes, 10-18 years old, with more than 6 months of diagnosis, without 
any diagnosed psychiatric disease; and 2) their relatives (parents, stepparents, 
and siblings). Assessment was made about the insulin replacement therapy 
(insulin injections or continuous subcutaneous insulin infusion, CSII), and 
blood glucose monitoring with a continuous glucose monitoring (CGM) or 
not. The mean metabolic control was registered (5 previous Hemoglobin 
A1c assessments). Narrative techniques were used both to collect (semi-
structured interviews with six open-ended questions) and analyze (thematic 
and comparative analysis, based on close reading) different ways of “nam-
ing” the lived experience of hypoglycemia by adolescents and their relatives.
Results: 103 participants, 40 with type 1 Diabetes aged 10-18 years 
(17 female, M=13,95 years, sd=2,78), 63 family members (40 female, 
M=41,9 years, sd=5,88). They were grouped: Group 1 (G1), 10-14 years 
old (n=21), Group 2 (G2), 15-18 years old (n=19), Group 3 (G3) family 
members, 30-59 years old (n=63). G3 was divided in two subgroups, G3.1: 
female relatives (n=42) and G3.2: male relatives (n=21). The narrative 
analysis identified in G1 and G2 greater attention to symptoms than in G3. 
G1 refers to a greater need for help, while G2 emphasizes autonomy. G2 
and G3 describes better the medical protocol. G1 and G2 refer more topics 
such as “discomfort”, “frustration”, “obligation” and “difficulty in verbal-
izing”, while G3 refers to “guilt”, “fear” and “responsibility”. G3.1 refer, in 
relation to G3.2, more “symptoms”, “responsibility”, “fault”, “incapacity”. 
No relationship was found with CSII and level of metabolic control. Given 
the small number of individuals without CGM, it was not possible to carry 
out a comparative analysis with those using this device.
Conclusion: While transmitting clear medical guidelines is fundamental, 
other points may be considered when conveying information. “Naming 
Hypoglycemia” provides a useful narrative tool to health professionals when 
communicating with adolescents with diabetes and their relatives. In addi-
tion to gathering information that is usually acquired empirically, it exposes 
knowledge gaps; since hypoglycemia brings physical and emotional dis-
comfort to adolescents and family, strategies can be implemented to mitigate 
such distress and specific tools to manage emotions could be transmitted.
Supported by: Portuguese Foundation for Science and Technology 
Project SHARE (PTDC/LLT-OUT/29231/2017)
Disclosure: F. Rosário: None.

834
Anticipated reduction in hypoglycaemia fear and diabetes dis-
tress from increasing the glucose prediction of current CGM 
algorithms
D. Ehrmann1, T.  Glatzer2, N.  Babio2, L.  Priesterroth1, B.  Olesen1, 
B.  Kulzer1, N.  Hermanns1;
1FIDAM - Research Institute Diabetes Academy Mergentheim, Bad 
Mergentheim, Germany, 2Roche Diabetes Care GmbH, Mannheim, 
Germany.

Background and aims: Hypoglycaemia remains the limiting factor of 
insulin therapy, also because people with diabetes often have increased 
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fear of hypoglycaemia and distress due to hypoglycaemia. Continuous 
glucose monitoring (CGM) is a powerful tool to alleviate these fears 
and burden. However, current CGM algorithms only allow a prediction 
of glucose values within the next 15-30 minutes, making glucose man-
agement rather unpredictable. To elaborate on the potential to improve 
current CGM systems, we investigated if a possible increase in this 
prediction window to up to 2 hours would be perceived as a significant 
benefit with regard to hypoglycaemia fear and diabetes distress.
Materials and methods: People with type 1 and type 2 diabe-
tes who were using a CGM system were invited to participate in 
an online survey from the dia·link online panel. Participants were 
presented with scenarios depicting the potential of a hypothetical 
CGM algorithm to predict the course of glucose for up to 2 hours. 
They were instructed to imagine how such a long-term prediction 
would affect their personal diabetes management. They were asked 
to complete the Hypoglycemia Fear Survey (HFS-II) and T1-Dia-
betes Distress Scale (T1-DDS) and rate each item in terms of the 
potential change that they would expect by using such a long-term 
glucose prediction (scale: -2 strong deterioration, -1 deterioration, 
0 no change, 1 improvement, 2 strong improvement).
Results: A total of 206 people with diabetes participated (29.1% 
type 2 diabetes; type 1: age 53.8±13.7 years, 56.2% female, HbA1c 
6.9±0.8%; type 2: age 64.9±9.3 years, 21.7% female, HbA1c 
7.2±1.2%). Participants expected moderate improvements in HFS-II 
scores (0.57±0,49). People with insulin pump therapy showed great-
est anticipated improvements in hypoglycaemia fear (0.65±0.48), 
followed by people with non-intensified insulin therapy (0.55±0.49) 
and people with multiple daily injection therapy (0.47±0.49) (p = 
0.037). Similar anticipated improvements were seen in hypoglycaemia 
and management distress (Box plots shown in Figure 1 for T1-DDS). 
However, anticipated improvements in diabetes distress did not dif-
fer for type of therapy (all p>0.10) or type of diabetes (p = 0.252).
Conclusion: Increasing the glucose prediction to up to 2 hours were 
seen as a potential improvement regarding reductions in fear of hypo-
glycaemia and hypoglycaemia distress and by both people with type 
1 and type 2 diabetes participating in the study. Interestingly, people 
with insulin pump therapy anticipated the greatest effect of such a 
long-term prediction regarding fear of hypoglycaemia.

Supported by: The study was funded by Roche Diabetes Care
Disclosure: D. Ehrmann: Employment/Consultancy; Roche Dia-
betes Care, Dexcom Germany. Lecture/other fees; Roche Diabetes 
Care, Dexcom.

835
The use of IDegLira in aged frail people with type 2 diabetes: 
the STOP study
A. Mazzieri, M. De Fano, C. Fanelli, F. Porcellati;
University of Perugia, Perugia, Italy.

Background and aims: In older adults with T2DM deintensification 
or simplification of complex regimens is recommended to reduce the 
risk of hypoglycemia and polypharmacy. This should be even truer 
when insulin regimens are present. We are presenting a subgroup 
analysis of the STOP study, a proof-of-concept observation, to test 
effectiveness and safety of IDegLira in aged adults, previously treated 
with insulin.
Materials and methods: The study, retrospective observational, 
included also a subset of patients regularly followed for mild/severe 
cognitive impairment.
Results: Fourty-nine persons represented this subset (22 F, age 79±5 
yrs, diabetes duration 23±10 yrs, duration of insulin treatment 13±9 
yrs, Charlson Index 5.6±1.6). From a complete neuropsychological 
evaluation (Clinical Dementia Rating Scale), 22 (44.9%) were clas-
sified as affected by mild cognitive impairment and 11 (22.4%) by 
dementia. Eighty-two % were receiving basal/bolus insulin therapy. 
The switch to IDegLira almost nullified rates of hypoglycemia at any 
time of day. Rapid acting insulin dose decreased by more than 90% 
(Table 1).
Conclusion: These interim results support the beneficial impact of 
IDegLira in aged fragile people in whom amiliorating the complex-
ity of treatment should be a primary goal. The observed reduction 
in the use of drugs, frequency of blood glucose controls and n° of 
injections, hypoglycemic episodes and related consequences, and the 
lower burden for caregivers have not only clinical but also economic 
implications.

Disclosure: A. Mazzieri: None.

836
Distinct inflammatory functions of murine BMDMs following 
exposure to acute vs recurrent hypoglycaemia
J. Kerr1, A.D.  McNeilly1, C.  Forteath1, J.  Deyell1, K.  Smellie1, R. 
 Hall1, R.  Stienstra2, B.D.  Galan2, M.  Evans3, U. Pedersen-Bjergaard4, 
B.  Thorens5, R.J.  McCrimmon1;
1University of Dundee, Dundee, UK, 2Radbound University, 
Nijmegen, Netherlands, 3University of Cambridge, Cambridge, UK, 
4University of Copenhagen, Copenhagen, Denmark, 5University of 
Lausanne, Lausanne, Switzerland.

Background and aims: Hypoglycaemia is a common problem associ-
ated with exogenous insulin therapy in people with diabetes. Fluctua-
tions between hyperglycaemia and hypoglycaemia are hypothesised 
to be associated with activation of M1 macrophages, leading to over-
production of pro-inflammatory cytokines and chronic inflamma-
tion. We aimed to investigate acute (AH) vs recurrent hypoglycaemia 
(RH) exposure on macrophages pro-inflammatory gene expression in 
response to lipopolysaccharide (LPS) stimulation. Murine bone marrow 
derived macrophages (BMDMs) were studied as they provide a large 
homogenous macrophage population.
Materials and methods: Bone marrow (BM) cells from C57BL/6J 
male mice were cultured and differentiated into BMDMs using L929 
cell conditioned media. Successful differentiation was confirmed using 
FACS analysis for expression of macrophage specific markers F4/80 
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and Cd11b. BMDMs were subjected to either in-vitro AH (2.5mM 
glucose culture media 1x3hr episode), RH (2.5mM 3x3hr episodes) 
or control (25mM glucose culture media) followed by 4hr inflamma-
tory challenge with LPS (10ng/ml) or volume matched DPBS control. 
Inflammatory profiling was established using SYBR RT-qPCR for 
assessment of NFKBIA, TNFα, IL-6 and iNOS gene expression (n=3). 
Statistical analysis was performed using GraphPad Prism Version 9. 
Two-way ANOVA with Tukey post-hoc test was used to determine the 
effects of hypoglycaemia and LPS stimulation.
Results: The presence of macrophages was confirmed by FACS (Cd11b 
subset positive controls were 96.4% and 94.7% Cd11b+. F4/80 subsets 
were 89.9% and 89.4% F4/80+. Overall, dual positivity >90%). Expres-
sion of TNFα and NFKBIA were significantly downregulated following 
4hr LPS stimulation in the AH treated group (Control:20.45±1.5 vs 
AH:14.11±1.3, Control:16.8±1.1 vs AH:9.5±1, p<0.01). Conversely, 
RH treatment resulted in upregulation of TNFα and NFKBIA with 
4hr LPS stimulation (Control:6.9±0.5 vs RH:15.3±2.3, p=0.0603, 
Control:7.2±1.1 vs RH:20±4.9, p<0.01), suggesting adaption toward 
the RH insult could be attributed to a heightened pro-inflammatory 
response. IL-6 is known for its pleiotropic nature alternating between 
pro and anti-inflammatory states. IL-6 gene expression was decreased 
with AH 4hr LPS (Control:3083.1±664.6 vs AH:1562.6±222.8, 
p=0.0605) and significantly upregulated following RH with 4hr LPS 
compared to LPS-stimulated controls (Control:2472.2±327.6 vs 
RH:8108.8±2632.2, p<0.05). Expression of the rate-limiting enzyme 
involved in macrophage nitric oxide production, iNOS, was signifi-
cantly upregulated in the RH treated group following 4hr LPS stimula-
tion (Control:4823.1±653.7 vs RH:8595.7±1974.4, p<0.05). AH did 
not effect iNOS expression (p>0.05).
Conclusion: AH-exposed macrophages demonstrated supressed pro-
inflammatory expression following LPS inflammatory challenge. 
Whereas RH-exposed macrophages displayed exaggerated inflamma-
tory expression in response to 4hr LPS stimulation. Overall, this sug-
gests RH sensitises BMDM to pro-inflammatory stimulations and could 
exaggerate inflammatory responses within LPS-stimulated BMDMs 
through increased NF-ΚΒ activity altering downstream signalling.
Supported by: IMI, EFPIA, JDRF, IDF, Helmsley, T1D Exchange
Disclosure: J. Kerr: None.

837
The effectiveness of a light-intensity physical activity interven-
tion on cardiovascular health in people with type 2 diabetes: a 
randomised controlled trial
E.J. Vandercappellen1, R.M.A.  Henry1, Y.  Chen1, P.M.  Niessen2, 
M.J.M.  Minten2, A.M.A.  Linkens1, P.I.H.  Simons1, S.  Jolani2, H.H.C. 
 Savelberg2, A.J.H.  Houben2, T.T.J.  Berendschot1, K.D.  Reesink2, 
J.W.M.  Muris2, C.D.A.  Stehouwer1, A.  Koster2;
1Maastricht University Medical Centre, Maastricht, Netherlands, 
2Maastricht University, Maastricht, Netherlands.

Background and aims: Individuals with type 2 diabetes have an 
increased risk to develop cardiovascular diseases, which possibly can 
be modified by physical activity. It is already known that moderate-to-
vigorous and vigorous intensity physical activity can reduce the risk 
by improvement of the macro- and microvascular function. However, 
if this is also the case for light intensity physical activity remains 
unclear. We investigated the effects of increasing light intensity physi-
cal activity and reducing sedentary time on vascular stiffness and 
other markers in individuals with type 2 diabetes.
Materials and methods: Individuals with type 2 diabetes aged 40-70 
years were randomly assigned to a intervention (n=65) or control group 
(n=67) in the Light intensity Physical Activity Trial (LiPAT). The 
RCT (single-blind) had 6 months intervention and 6 months follow-
up. The intervention group received a wrist-worn activity tracker and 

a custom-made application on their phone with a personal goal (steps/
day) to motivate them to perform more light intensity physical activity 
and less sedentary time and received tips during the workshops. Both 
groups got workshops (topics: healthy lifestyle) in month 1, 2, 3, and 
6. Study measurements took place at baseline, 3, 6, and 12 months. 
Outcome measures included macro- and microvascular function, physi-
cal activity/function, lipid profile, kidney function, fasting glucose, 
HbA1c, body composition, depressive symptoms, and quality of life. 
We used mixed-effects regression analyses with a random intercept 
model.
Results: There was no difference in total, light, or moderate-to-vigor-
ous and vigorous intensity physical activity between the control and 
intervention group at any of the measurement moments. Sedentary 
time also did not differ between the groups except for a small differ-
ence after 12 months. After 6 and 12 months, there was no difference 
in macrovascular function (primary outcome) nor most of the second-
ary outcome measures.
Conclusion: This comprehensive study mostly indicates that modi-
fying physical activity as such appears rather difficult. Even with 
encouragement and personalized goals, we did not find any differ-
ence between the control and intervention group. Possible explanation 
could be: too complex intervention, compensation behaviour after 
more physical activity, and no supervised physical activity.
Clinical Trial Registration Number: NCT03415880
Supported by: This project was funded through an EFSD award sup-
ported by AstraZeneca.
Disclosure: E.J. Vandercappellen: Grants; This project was funded 
through an EFSD award supported by AstraZeneca.

838
Impact of COVID-19 measures on body composition differs 
among age and gender in persons with diabetes
Y. Yamaguchi1,2, Y.  Hamamoto1,2, M.  Imura1,2, Y.  Yamazaki1,2, 
K.  Izumi1,2, R.  Usui1,2, H.  Kuwata1,2, T.  Hyo1,2, Y.  Yamada1,2, Y. 
 Seino1,2;
1Center for Diabetes, Endocrinology and Metabolism, Kansai Electric 
Power Hospital, Osaka, Japan, 2Yutaka Seino Distinguished Center 
for Diabetes Research, Kansai Electric Power Medical Research Insti-
tute, Kobe, Japan.

Background and aims: COVID-19 containment measures have 
changed people’s lifestyle and may have had significant impact on 
weight and body composition. In Japan, the state of emergency or pre-
emergency (SE) was intermittently declared from April 2020 to Septem-
ber 2021 and voluntary self-regulations were carried out instead of lock-
down. We investigated the changes in glycemic control, body weight and 
body composition before and after SE in adults with diabetes.
Materials and methods: This is a single-center retrospective study. We 
enrolled persons aged 20 years or older with diabetes in whom HbA1c 
levels and body composition by bioelectrical impedance method were 
measured in all the three periods as follows; between April 2019 and 
March 2020 (pre-SE), between April 2020 and September 2021(during 
SE; DSE), and between October 2021 and September 2022(post-SE). 
Those who were admitted in hospital during the periods were excluded. 
The HbA1c levels, body weight, and body composition data in the three 
periods were collected. In subgroup analysis, subjects were assigned in 
four groups by age (under 65: young, 65 or older: older) and by gender.
Results: A total of 673 subjects (239 young males, 76 young females, 
233 older males and 125 older females) were enrolled. No significant 
changes in HbA1c levels were observed throughout the three periods 
in either of the total or four subgroup analyses. Body weight did not 
change in DSE but significantly decreased in post-SE in the total analy-
sis. This result was same in young and older males, while in females, 
body weight significantly decreased in post-SE in older group but not 
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in young group. Skeletal muscle mass was continuously decreasing 
over three periods in the total analysis and in all of the four subgroups. 
Body fat mass significantly increased in DSE but decreased in post-
SE (21.5±8.8 kg, 21.8±8.8 kg, and 21.6±8.7 kg; pre-, D-, post-SE, 
respectively), therefore, no difference was observed between pre-SE 
and post-SE in the total analysis. However, when evaluated with body 
fat percent, continuous increase was observed over the period (since 
body weight decreased in post-SE); In subgroup analysis, while in 
young groups, body fat percent increased in DSE but tended to decrease 
in post-SE, in older group, it continuously increased even in post-SE. 
This trend was more evident in older males (Figure).
Conclusion: Body weight and muscle mass showed continuous 
decrease in DSE and post-SE. Differences in body fat percent changes 
by age and by gender were remarkable in older groups, and the impact 
was more significant in male gender.

Disclosure: Y. Yamaguchi: None.

SO 70 Will rise of the machines terminate 
diabetes?

839
Right patient, right therapy, right time: empowering HCPs and 
patients: results from the Spotlight-AQ multi-centre randomised 
controlled trial
R.C. Kelly1, H.  Price2, M.  Patel3, A.  Ali4, M.  Cummings5, E. 
 Barnard6, K. Barnard-Kelly7;
1R&D, Spotlight-AQ Ltd, Portsmouth, UK, 2R&D, Southern Health 
NHS Foundation Trust, Southampton, UK, 3Diabetes Centre, Uni-
versity Hospital Southampton, Southampton, UK, 4Primary Care, 
Blackburn with Darwen CCG, Blackburn, UK, 5Diabetes Centre, 
Portsmouth Hospitals NHS Trust, Portsmouth, UK, 6R&D, BHR 
Ltd, Fareham, UK, 7R&D, Southern Health NHS Foundation Trust, 
Fareham, UK.

Background and aims: Effective healthcare requires a focus on phys-
ical, mental and social wellbeing. Spotlight-AQ platform maps patient 
priority concerns (identified through pre-clinic assessment) with best-
fit care pathways to meet them across biopsychosocial parameters, 
ie therapy, psychological burden, skills and social environment. We 
aimed to understand the theoretical domains important in predicting 
HbA1c of participants in the Spotlight-AQ pivotal multi-centre RCT 
Materials and methods: Multi-centre, parallel group, individually 
randomised trial; participants: adults with T1D or T2D for ≥6 months 
using the Spotlight-AQ platform versus usual care. Outcomes: visit 
length, HbA1c, depression, diabetes distress, anxiety & functional 
health status. Machine learning models were utilized to analyse the 
data collected from the Spotlight-AQ platform to identify key features 
that distinguish different levels of HbA1c.
Results: n=98 participants (n=49 intervention). Machine learning model 
emphasized that individuals with varying levels of HbA1c exhibit diverse 
levels of psychological burden and therapy-related concerns. Intervention 
consultations were shorter 0.5-4.1 mins (3-14%, p=<0.001) compared 
to no change in the control group (-0.9 - +1.28 mins). HbA1c improved 
in the intervention group by 6mmol/mol (range 0-30) versus control 
group 3mmol/mol (range 0-8). The result was statistically significant 
(p=<0.0001). Baseline HbA1c between groups was similar, ie interven-
tion HbA1c mean 63.3mmol/mol (41-94) versus mean 66.7mmol/mol 
(34-116) in the control group. Top participant priorities identified were 
therapy challenges and psychosocial burden of diabetes; results showed 
92% of intervention participants requiring psychosocial support, received 
it via the platform. 65% of intervention participants wanted a new device 
or had difficulties with their current therapy or device.
Conclusion: Ensuring patients are able to meet the demands of 
their prescribed therapy/devices without adding further burden; and 
that they receive timely low-level psychosocial support; is crucial 
for optimal physical and mental health outcomes. Spotlight-AQ 
identifies onboarding/support needs and facilitates tailored support.
Clinical Trial Registration Number: ISRCTN15511689
Supported by: Sponsored by Southern Health NHS Foundation 
Trust
Disclosure: R.C. Kelly: Stock/Shareholding; Spotlight-AQ founder 
and shareholder.

840
Prediction of HbA1c response to second-line anti-diabetic agents 
in type 2 diabetes using machine learning: preliminary results
C.W. Stoltenberg1, S.  Hangaard1,2, O.  Hejlesen1, T.  Kronborg1,2, 
P.  Vestergaard2, M.H.  Jensen1,2;
1Aalborg University, Gistrup, Denmark, 2Steno Diabetes Center 
North Denmark, Aalborg, Denmark.
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Background and aims: Metformin is considered the first line 
glucose-lowering drug (GLD) of choice, but intensification with a 
second line GLD might be necessary to achieve glycaemic control. 
According to ADA/EASD position statement, the second line GLD 
options include glucagon-like peptide-1 (GLP-1) receptor agonists, 
basal insulin, sulfonylurea (SU), dipeptidyl peptidase-4 (DPP4) 
inhibitors, and sodium-glucose cotransporter 2 (SGLT2) inhibitors. 
The selection of the most optimal second line GLD is critical for 
achieving optimal glycaemic control. Thus, the aim of this study 
was to predict a positive  HbA1c response after a second line GLD 
had been added to metformin.
Materials and methods: Real-world data were collected from 
electronic medical records of people with type 2 diabetes from the 
Steno Diabetes Center North Denmark Data Platform in the period 
2019 to 2022. The platform contains routinely collected data, elec-
tronic medical records from hospital visits, and the type of GLD 
dispensed from the pharmacy. People with type 2 diabetes were 
eligible either if they only received continuous metformin therapy 
throughout the period or if they received continuous metformin 
therapy with the addition of a second line GLD. A maximum of 
16 weeks before a GLD was added, demographics and blood test 
results, including  HbA1c, were collected. To calculate the  HbA1c 
response, another  HbA1c measurement must also have been avail-
able between 6 to 18 weeks after the GLD was added. A forward 
feature selection with logistic regression and Leave-One-Out Cross-
Validation was used to construct a machine learning model to iden-
tify the most important variables to predict the  HbA1c response. 
The model performance was evaluated using the area under the 
receiver operating characteristic curve (AUROC).
Results: A total of 188 people with type 2 diabetes were included 
in the analysis where 69% were men, with a mean age of 62.4±15 
years, and a mean baseline  HbA1c of 56.9±19. Of these, 105 received 
metformin therapy alone, 36 added SLGT2 inhibitors, 26 added GLP1 
receptor agonists, 11 added DDP4 inhibitors, 10 added basal insulin, 
and SU was excluded from the analysis for only being added in 2 
cases. The selected variables, in order of importance, were baseline 
 HbA1c, time of the year for the blood test, residence of municipality, 
age, and diabetes complications. The algorithm achieved an AUROC 
of 0.85 [95%CI: 0.79-0.90] in the prediction of a positive  HbA1c 
response. The ROC curve is illustrated in figure.
Conclusion: This study demonstrates the potential of machine learn-
ing for predicting  HbA1c response when a second line GLD is added 
to metformin from real-world data. A such model could guide health-
care professionals in selecting the most appropriate second line GLD 
to achieve better glycaemic control. However, some of the variables 
identified may lack clinical significance and should be identified in 
further research involving a larger cohort.

Disclosure: C.W. Stoltenberg: None.

841
Machine-learning applied to digital retinal images to predict 
diabetes and hypertension
V.E.R. Parker1, V.  Selvarajah1, N.  Svangard2, T.  White1, F. Wolf-
hagen-Sand2, T. Hegelund-  Myrback2, M. Majdanska-Strzalka3, K. 
 Kaszubska3, R.  Esterline4;
1AstraZeneca, Cambridge, UK, 2AstraZeneca, Molndal, Sweden, 
3AstraZeneca, Warsaw, Poland, 4AstraZeneca, Gaithersberg, WA, 
USA.

Background and aims: Machine-learning (ML) applied to retinal 
images can be used to make predictions of age, gender, DM diagno-
sis and HbA1c. We sought to evaluate this technology in a setting 
with more limited healthcare infrastructure.
Materials and methods: Using UK Biobank data we used machine-
learning to train models to predict SBP, DBP, HbA1c, hypertension and 
DM diagnosis from more than 80,000 digital retinal images. We per-
formed a prospective pilot study in Kenya with concurrent retinal image 
acquisition, BP and laboratory assessments. The primary endpoint was 
the proportion with completed and interpretable assessments. Explora-
tory measures evaluated the accuracy of machine-learning predictions.
Results: In total, 301 participants were enrolled; mean age was 
51.1 years, 45% were female, 99% were Black-African and DM, 
obesity and hypertension were prevalent. Greater than 97% of 
assessments were completed and of sufficient quality for ML based 
analysis. Overall model predictions were comparable in accuracy to 
those obtained using UK Biobank data. The model’s strength was 
in prediction of diagnosis of hypertension and DM; high specificity 
for predictions of HbA1c above 6.5% was also observed.
Conclusion: Further development of this technology holds poten-
tial to provide additional disease relevant measures alongside reti-
nal screening in regions with limited healthcare access.
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Clinical Trial Registration Number: NCT04814680
Disclosure: V.E.R. Parker: Employment/Consultancy; AstraZeneca. 
Stock/Shareholding; AstraZeneca.

842
Evaluation of a clinical artificial intelligence companion for thera-
peutic decision making in type 2 diabetes management: a retro-
spective analysis
L. Bally1, D.  Herzig1, C.  Piazza1, L.  Brunschwig2, Z.  Gabr2, Y. 
 Dibner3, A.  Jaun3;
1Bern University Hospital, University of Bern, Bern, Switzerland, 
2Ecole Polytechnique Fédérale de Lausanne, Lausanne, Switzerland, 
3Metadvice, St Sulpice, Switzerland.

Background and aims: Combining clinical guidelines with con-
tinuous learning from real world evidence data has the potential to 
effectively implement precision medicine by clinicians caring for peo-
ple with diabetes. Such AI-driven platforms that integrate data from 
electronic health records are available and are readily extendable to 
include data from wearable technologies.
Materials and methods: Based on the new EASD-ADA guidelines on 
managing type 2 diabetes and local expert knowledge (including insulin 
titration protocols), we developed a neuronal network that mimics guide-
line-conform therapeutic management decisions of diabetes specialists 
with a 95% accuracy. Following the establishment of a data extraction 
and de-identification pipeline, we evaluated the adherence of clinicians to 
the guidelines by analysing data collected in clinical practice. In addition, 
we assessed the difference in glucose control, as captured by haemoglo-
bin A1C (HbA1c), between patients who were treated according to the 
guidelines and patients whose treatment deviated from the guidelines.
Results: Applying the technology to usual care data from a total of 1,640 
patients with diabetes (insulin and non-insulin treated), we find that 60% 
of the therapeutic decisions are in line with the clinical guidelines. Testing 
for the impact on glucose control,, the weighted average relative reduction 
in HbA1c over treatment regimens that are in-line with guidelines (-5.62%, 
N=283) significantly exceeded those that were not (+0.22%, N=362); also, 
the proportion of patients attaining a target relative HbA1c reduction of 5% 
was higher in patients treated according to guidelines (p <.001), showing 
clear retrospective outperformance of guidelines therapies over the alterna-
tives, underscoring the potential for optimisation. Using additional input 
from wearables and transfer-learning from real world evidence outcomes, 
we will show examples of precision medicine recommendations that are 
both anchored in medical guidelines and reflect specificities of smaller 
cohorts justified by glucose and other outcomes (e.g. body weight, lipid 
control, kidney function).
Conclusion: In this proof-concept study, we demonstrated that a neu-
ronal network can mimic clinical guidelines and expert knowledge. 
Prospective studies will provide insights into its usability and thera-
peutic efficacy to improve glucose control in daily clinical practice.
Supported by: Innosuisse - Swiss Innovation Agency (101.082 IP-LS)
Disclosure: L. Bally: None.

843
The efficacy of telemonitoring and integrated personalised dia-
betes management in people with insulin-treated type 2 diabetes: 
a preliminary analysis
N. Laichuthai, T. Saetang, P. Greeviroj, S. Thavaraputta, P. Santisit-
thanon, N. Houngngam;
Medicine, Division of endocrinology and metabolism, Bangkok, 
Thailand.

Background and aims: An integrated personalized diabetes manage-
ment (iPDM) can improve glycemic control in people with diabetes. 
Emerging evidence suggests that telehealth can improve diabetes 
care. The purpose of this study was to assess the efficacy of diabetes 
care through a structured telehealth model of care.
Materials and methods: A 6-month single-center, open-labeled, pro-
spective randomized controlled trial enrolled insulin-treated subjects 
with diabetes, aged 18-65 years old and A1c of 7.4-10.5%. All partici-
pants received standard diabetes education. The tele-iPDM group would 
connect to the cloud-based telemonitoring platform and adjust insulin 
following a protocol by investigators weekly for 3 months (phase 1), 
then monthly for another 3 months (phase 2). The usual care group will 
receive standard diabetes care and record glucose data in the paper log-
book. The primary outcome was a difference in A1c change from base-
line between 2 groups at 12 and 24 weeks. Secondary outcomes included 
changes in FPG, BW, BMI and the percentage of people with A1c < 7% 
at 24 weeks, the percentage of people with a A1c reduction of >0.5% 
at 24 weeks, SMBG profiles, and the number of hypoglycemic events.
Results: Ninety subjects completed phase 1 and 61 subjects completed 
phase 2 study. The mean age was 53.07±7.74 years. The mean duration 
of diabetes was 11.76±8.26 years. The baseline A1c was 8.48±0.76%. 
Phase 1 study showed a mean reduction in A1c of 1.02% (95%CI 0.74-
1.30) in the tele-iPDM group and 0.48% (95%CI 0.19 - 0.76) in the 
usual care group. The difference in A1c reduction between 2 groups 
was -0.56% [-0.94 - (-0.16), p<0.05]. At 24 weeks of follow-up, the 
mean difference in A1c between the tele-iPDM and usual care groups 
is 0.68% [95%CI -1.17-(-0.19), p<0.05]. There were no significant dif-
ferences in body weight and body mass index in both groups.
Conclusion: Telemonitoring can facilitate the iPDM care model in 
people with insulin-treated type 2 diabetes mellitus. It improves the 
efficiency of diabetes care and improves glycemic control at 12 weeks 
and can maintain glycemic control at 24 weeks.
Clinical Trial Registration Number: TCTR20220628003
Supported by: Roche Diabetes Care
Disclosure: N. Laichuthai: Grants; Roche Diabetes care.

844
Impact of Digital Twin app frequency of use on remission and clin-
ical outcomes in type 2 diabetes: results at 18 months of follow up
S. Joshi1, J.  Mohammed2, M.  Mohamed3, T.  Poon2, M. 
 Dharmalingam4, B.  Saboo5, S.  Damodharan6, A.  Vadavi7, M. 
 Thajudeen3, A.  Keshavamurthy3, S.  Bhonsley3, P.  Shamanna8;
1Joshi Clinic and Lilavati Hospital, Mumbai, India, 2Twin Health 
Inc, Mountain View, CA, USA, 3Twin Health, Bangalore, India, 4MS 
Ramaiah Medical College, Bangalore, India, 5Dia-Care Diabetes Cen-
tre, Ahmedabad, India, 6Ramakrishna Hospital and Harvey Special-
ity clinic, Coimbatore, India, 7Sudha Prevention Center, Bangalore, 
India, 8Bangalore Diabetes Centre, Bangalore, India.

Background and aims: We evaluated the effectiveness of the Digital 
Twin (DT) to improve HbA1c and body weight based on the fre-
quency of the usage of app, in patients enrolled to achieve remission 
of T2DM. DT platform uses AI and Internet of Things, to integrate 
multi-dimensional data to give precision nutrition and health recom-
mendations via the mobile app and by coaches
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Materials and methods: This included people with T2DM who 
were enrolled on DT from August 2020 to August 2021. Outcomes 
included the change in HbA1c, body weight and achievement of 
remission of T2DM. These outcomes were compared for the groups 
with the frequency of usage of the DT app (FoUA) was ≤ 5 days/week 
(moderate) as compared to FoUA was > 5 days/week (high). Remis-
sion was considered if HbA1c <6.5% measured at least 3 months after 
cessation of glucose-lowering pharmacotherapy.
Results: The analysis included 183 active DT app users. 28.4% (n=52) 
of users had high DT usage. The mean app frequency use was 3(±2.8, 
95% CI 2.6 to 3.4). The mean age and duration of diabetes were 45 years 
(±8.7) and 3.6 (±2.7), respectively. Overall, 67.8% (124/183) across all 
usage frequencies achieved remission of T2DM. Immaterial of the fre-
quency of usage of the app, the mean change in the HbA1c (%) -2.6± 
(1.9,95% CI -2.9 to -2.3) and body weight (kg) -4.2± (5.8,95% CI -5.1 to 
-3.4) was significant (p<0.0001) respectively. High DT app use was sig-
nificantly correlated with a higher propensity for remission 88.4% (46/52) 
as compared to the moderate usage group 59.5% (78/131), p<0.0001, 
Pearson r -0.428, 95% CI -0.61 to 0.19, p=0.0038). The mean reduction 
in HbA1c was -2.5% ± (1.9,95% CI -2.9 to -2.2) and -2.6% ± (1.7, 95% CI 
-3.1 to -2.1) in the moderate and high usage groups, respectively (p=0.9 
ns). The mean reduction in body weight was -3.6 kg ± (5.8,95% CI -4.7 
to -2.6) and -5.6% ± (5.2, 95% CI -7.9 to -4.1) in the moderate and high 
usage groups, respectively (p=0.03). FoUA significantly correlated with 
the change in the body weight (Pearson r -0.18, 95% CI -0.18 to -0.32, 
p=0.012), whereas there was no significant correlation for FoUA with 
change in HbA1c (Pearson r -0.01, 95% CI -0.15 to 0.13, p=0.88 ns).
Conclusion: More frequent use of app was associated with a higher 
propensity of remission and better clinical outcomes with a greater 
reduction in HbA1c and body weight. Overall, DT is an effective 
intervention for achieving remission of T2DM.
Clinical Trial Registration Number: CTRI/2020/08/027072
Disclosure: S. Joshi: None.

845
Reductions in hyperglycaemic events following use of a digital 
diabetes logbook: results of a randomised controlled trial
K. Finke-Groene1, N.  Hermanns1, S.  Silbermann2, D.  Ehrmann1, J. 
 Kober3, T.  Roos1, I.  Vesper2, V. Schäfer4, B.  Kulzer1;
1FIDAM - Research Institute Diabetes Academy Mergentheim, Bad 
Mergentheim, Germany, 2Roche Diabetes Care GmbH, Mannheim, 
Germany, 3mySugr GmbH, Vienna, Austria, 4Roche Diabetes Care 
Deutschland GmbH, Mannheim, Germany.

Background and aims: The digital diabetes logbook mySugr is 
designed to help people with diabetes manage their diabetes and to 
facilitate glucose management. Among the core features are moti-
vational strategies to take care of diabetes, simple charts to reduce 
complexity of glucose management, and positive feedback loops for 
in-range glucose values. To test the efficacy and safety of the digital 
diabetes logbook, a randomised controlled trial (RCT) was conducted.
Materials and methods: The study was conducted as an open-label, paral-
lel group, randomised controlled trial with a 3-month follow-up. A total 
of 41 study centres recruited eligible people with type 1, type 2 or gesta-
tional diabetes that regularly performed self-monitoring of blood glucose 
(SMBG). Participants were randomized to either the intervention group, 
using the digital diabetes logbook for 3 months, or to the treatment-as-
usual control group without using an app. Power analysis revealed that 396 
participants were needed. Anticipating a drop-out rate of 15%, the recruit-
ment goal was 466 participants. In this analysis, we analysed the incidence 
rates of severe hypoglycaemic (<54 mg/dl) and severe hyperglycaemic (> 
250 mg/dl) events per 1000 glucose measurements. A negative-binominal 
regression with group allocation as factor was performed.

Results: A total of 424 people with diabetes were randomized, 
282 to the intervention and 142 to the control group (12.5% type 1 
diabetes, 68.2% type 2 diabetes, 18.9% gestational diabetes, age: 
51.7 ± 15.2 years, 50% female, diabetes duration: 9.5 ± 10.8 years, 
HbA1c: 7.1 ± 1.5%); 397 completed the 3-month follow-up. In the 
control group, 52.29 hyperglycaemic events (glucose > 250 mg/dl) 
per 1000 measurements occurred, while in the intervention group 
35.02 hyperglycaemic events per 1000 measurements occurred. 
With the control group as reference, the incidence rate ratio (IRR) 
of IRR = 0.67 significantly favoured the intervention group (95% 
CI: 0.52 to 0.86, p = 0.0021) indicating that the intervention group 
had a 33% lower risk for severe hyperglycaemic events compared to 
the control group. Incidence rates of severe hypoglycaemic events 
(glucose < 54 mg/dl) were 4.54 and 3.42 events per 1000 measure-
ments for the control and intervention group, respectively. The IRR 
of 0.75 significantly favoured the intervention group (95% CI: 0.57 
to 0.99, p = 0.0484).
Conclusion: Use of the mySugr app significantly reduced the 
occurrence of severe hyperglycaemic and hypoglycaemic glucose 
measurments in study participants. The reduced risk for severe 
hyperglycaemic events was not at the expense of an increased risk 
for severe hypoglycaemic events. The study results indicate that use 
of the digital diabetes logbook was safe regarding hypoglycaemia 
and can help to improve glycaemic management.
Clinical Trial Registration Number: DRKS00022923
Supported by: The study was funded by Roche Diabetes Care
Disclosure: K. Finke-Groene: None.

846
Association between treatment adherence and continuous glu-
cose monitoring outcomes in people with diabetes using smart 
insulin pens in a real-world setting
T. Danne1, N.V.  Hartivig2, A.  Kaas2, N.N.  Knudsen2, J.K.  Mader3;
1Diabetes Centre for Children and Adolescents, Children’s and Youth 
Hospital Auf Der Bult, Hannover, Germany, 2Novo Nordisk A/S, Bags-
værd, Denmark, 3Division of Endocrinology and Diabetology, Depart-
ment of Internal Medicine, Medical University of Graz, Graz, Austria.

Background and aims: Adherence to insulin therapy can be chal-
lenging for individuals with type 1 diabetes. This analysis explored 
how adherence to basal and bolus insulin injections influences gly-
caemic outcomes.
Materials and methods: Data were collected from adults (≥18 years) 
administering basal insulin (degludec) and bolus insulin (aspart or 
faster aspart) using smart insulin pens with continuous glucose moni-
toring (CGM); data were aggregated in 14-day periods. Treatment 
adherence was defined as the number of missed basal insulin doses 
(>40 hrs between doses), flex basal insulin doses (dosing time deviated 
>±6 hrs from previous day) and missed bolus insulin doses (meals with 
no bolus dose within -15 to +60 mins from meal onset). Glycaemic 
outcomes included time in range (TIR), time below range, glucose 
management index (GMI), and coefficient of variation.
Results: Multinational data from 403 adults who had 3588 14-day 
periods with ≥70% CGM coverage were analysed. Individuals with 
one missed basal dose per 14-days had a lower TIR (-4.04% [95% 
CI: -6.83; -1.26]) and higher GMI (0.20% [95% CI: 0.02; 0.38]) 
than individuals without missed basal doses; flex basal doses were 
not associated with TIR changes. Missed bolus insulin doses were 
also associated with lower TIR (Table).
Conclusion: These real-world data confirm associations between 
missed basal and bolus insulin doses and impaired TIR, highlight-
ing a need for digital tools such as smart insulin pens to help indi-
viduals manage their diabetes.
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Supported by: This study was funded by Novo Nordisk A/S
Disclosure: T. Danne: Employment/Consultancy; AstraZeneca, 
Bayer, Boehringer, Bristol-Myers Squibb, Dexcom, Eli Lilly, Lifes-
can, Medtronic, Novo Nordisk, Roche, Sanofi, Vertex, Ypsomed. 
Stock/Shareholding; DreaMed Diabetes, Ltd.
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847
"Stay on top of your diabetes": A better way to control your 
diabetes?
A. Nikontovic, D. Juhl Hansen, M. Ørskou Bols, P. Kronholm, H. 
Ravn Larsen, P. Vestergaard;
Steno Diabetes Center North Denmark, Aalborg, Denmark.

Background and aims: The Region of North Denmark (RND) has 
been facing difficulties with high levels of long-term blood sugar 
levels  (HbA1c) for several years. In 2019 a new quality strategy was 
developed by Steno Diabetes Center North Denmark (SDCN) and 
implemented in 2020 at Department of Endocrinology, Aalborg Uni-
versity Hospital. The new strategy contains a fast-track program "Stay 
on Top of Your Diabetes" which aims to help patients with poor 
glycemic control (≥70 mmol/mol). The program offers a personal-
ized 12-month fast-track program where the patients are undergoing 
a tighter follow-up by a doctor and nurse.
Materials and methods: Patients with type 1 diabetes (T1D) or type 2 
diabetes (T2D) with poor glycemic control were included in the program 
during a two-year period from January 2021 to March 2023 if they fulfill 
following criteria: poor glycemic control for more than the last three 
visits at the hospital, not being on a waiting list for receiving any kind 
of diabetes technology and referral to this program from an endocrinolo-
gist based on a clinical assessment. The patients were seen every three 
months during the program period at the Department of Endocrinology 
and a  HbA1c was collected at every visit. A paired t-test was performed 
to analyze the differences in HbA1c from baseline to program outcome. 
To assess the program from the patient’s perspective a satisfaction ques-
tionnaire was distributed after the 12-month follow-up.
Results: 138 patients were enrolled in "Stay on Top of Your Diabe-
tes" (93 with T1D and 42 with T2D). The calculated difference in 
change for  HbA1c from baseline to program outcome for T1D was 
-6.82 mmol/mol (95% CI: -1.67 to -11.98 mmol/mol; p=0,0105) 
and for T2D -14.43 mmol/mol (95% CI: -7.99 to 20.87 mmol/mol; 
p<0,0001). A questionnaire was distributed to 81 out of 138 patients 
who had a Danish digital mailbox (e-Boks) where 53 out of 81 
patients (65,4%) responded to the questionnaire.
Conclusion: This study indicates that patients have strong significant 
benefits from participating in the program based on the decreased 
 HbA1c and that it supports patients to achieve better glycemic control. 
The satisfaction questionnaire reveals that the patients are extremely 
satisfied with the program and score highly on all questions. However, 
it is important to address that this study was performed in a daily 
clinical setting and was not randomized or further adjusted which 
means that the interpretation of the results should be done carefully. 
The results could be further investigated by adding a control group or 
adjusting variables for sex, age, and diabetes duration.
Supported by: Novo Nordisk Foundation
Disclosure: A. Nikontovic: Grants; Novo Nordisk Foundation.

848
Real world evidence of trends in complications and outcomes of 
diabetic ketoacidosis following implementation of revised Joint 
British Diabetes Societies’ guidelines
M.A. Skaria1, A.  Narendran2, P.V.  Iyer1, S. Kauser-Malik1, L. 
 Bomphrey3, M.  Hebbar4, L.  Rengarajan5, P.  Narendran5, DEKODE 
Team, P.  Kempegowda5;
1University of Birmingham, Birmingham, UK, 2Imperial College 
School of Medicine, London, UK, 3Walsall Manor Hospital, Birming-
ham, UK, 4The Dudley Group NHS Foundation Trust, Birmingham, 
UK, 5Queen Elizabeth Hospital, Birmingham, UK.
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Background and aims: The Joint British Diabetes Societies for Inpatient 
Care (JBDS-IP) updated their guidelines for diabetes-related ketoacidosis 
(DKA) in June 2021 to consider reducing fixed rate intravenous insulin 
infusion (FRIII) from 0.1units/kg/hour to 0.05units/kg/hour when blood 
glucose levels fall to ≤14.0mmol/L. The main rationale for this recom-
mendation was to reduce the complications associated with DKA man-
agement such as hypoglycaemia, hyperkalaemia, and hypokalaemia. This 
study aimed to investigate the trends in rates of complications and out-
comes associated with the implementation of revised DKA guidelines.
Materials and methods: This retrospective study included all DKA 
episodes across four hospitals in the UK that adopted the revised JBDS 
guidelines from July 2021 to December 2022. Patients <16 years of 
age or who self-discharged before DKA resolution were excluded. 
Pseudonymised data on FRIII reduction, complications associated 
with DKA (hypoglycaemia, hypokalaemia, and hyperkalaemia), and 
outcomes (DKA duration, length of stay) were collected. We compared 
complications and outcomes between those who had FRIII reduced and 
those who had not in each hospital using Fischer’s exact test and Mann-
Whitney U test respectively and significance was accepted at p<0.05.
Results: Hospitals were anonymised and coded A-D. 491 DKA epi-
sodes were identified. FRIII was reduced in 30% of cases after 12 
months and 60% after 18 months on average. Except in hospital D, 
there was no significant difference in the rate of hypokalaemia between 
DKA episodes where FRII was and was not reduced (FRIII reduced vs 
FRIII not reduced, A: 30% vs 30%, p>.999; B: 42% vs 40%; p=.885, 
C: 39% vs 26%, p=.069; D: 29% vs 50%, p=.004). There was no sig-
nificant difference in hyperkalaemia in any of the hospitals (A: 29% 
vs 33%, p=.646; B: 22% vs 30%; p=.259, C: 35% vs 29%, p=.449; D: 
43% vs 29%, p=.055). In hospital A, there was more hypoglycaemia 
associated with FRIII reduction, rest hospitals showed no significant 
difference (A: 20% vs 6%, p=.005; B: 20% vs 13%; p=.253, C: 13% vs 
15%, p=.839; D: 14% vs 9%, p=.376). FRIII reduction was associated 
with an increased DKA duration in hospital C (FRIII reduced vs FRIII 
not reduced: median in hours, A: 15.7 vs 13.5, p=.150; B: 18.8 vs 16.7; 
p=.162, C: 14.5 vs 13.0, p=.033; D: 17.4 vs 21.8, p=.622). However, 
there was no significant impact on the length of stay (FRIII reduced vs 
FRIII not reduced: median in days, A: 3.4 vs 3.8, p=.605; B: 3.4 vs 3.9; 
p=.843, C: 2.6 vs 2.6, p=.311; D: 2.7 vs 3.9, p=.289).
Conclusion: There appears to be no favourable effect on DKA com-
plications or outcomes by implementing revised JBDS DKA guide-
lines. Further research is needed to understand the reasons for the 
lack of clinical gain before we decide to revert the guideline change.
Disclosure: M.A. Skaria: None.

849
Preconception care for women with diabetes most effective in 
women with type 1 diabetes receiving continuous subcutaneous 
insulin infusion: a local perspective
L.A. Allen1, A.  Ellis2, A.  Ali3, H.  Cole3, A.  Roberts2, H.  Bolusani2, 
J.  Platts2, N.  Agarwal2, M.  Choudhury2;
1Diabetes Research Group, Cardiff University, Cardiff, UK, 2Diabetes, 
Cardiff and Vale University Health Board, Cardiff, UK, 3Obstetrics and 
Gynaecology, Cardiff and Vale University Health Board, Cardiff, UK.

Background and aims: Pregnancy in diabetes is associated with 
increased complications for both mother and baby. In recent years, 
significant effort has focused on improving preconception and antenatal 
care for women with diabetes, with the aim of improving glycaemic 
control and pregnancy outcomes. The aim of this study was to compare 
glycaemic control in pregnancy between women with type 1 and type 
2 diabetes receiving specialist diabetes antenatal care at the University 
Hospital of Wales. In addition, we aimed to determine whether amongst 
women with type 1 diabetes continuous subcutaneous insulin infusion 
(CSII) was associated with better glycaemic control during pregnancy.

Materials and methods: Women with pre-existing diabetes receiv-
ing care at a specialist diabetes antenatal clinic at the University 
Hospital of Wales between January 2020 and January 2021 were 
identified. Clinical notes were reviewed and data regarding baseline 
demographics, diabetes treatment and HbA1c during each trimester 
of pregnancy collected.
Results: 52 women with pre-existing diabetes were included (29 with 
type 1 diabetes and 22 with type 2 diabetes.). Women with type 2 dia-
betes were older (mean age 34.0 vs 31.1 years). 44 pregnancies resulted 
in a live birth, 7 in spontaneous abortions (13%) and 1 in termination 
of pregnancy due to significant fetal anomalies (2%). The incidence of 
pregnancy loss was comparable for women with type 1 and type 2 dia-
betes (14% and 17%.) Booking HbA1c was higher in women with type 
2 diabetes (median 58mmol/mol vs 50.5mmol/mol mmol/mol). HbA1c 
improved over the course of pregnancy in both groups, and by the third 
trimester was more similar between groups (median 49mmol/mol in 
type 2 diabetes, 46mmol/mol in type 1 diabetes.) Amongst women 
with type 1 diabetes, 13 (46%) were receiving insulin by continuous 
subcutaneous insulin infusion (CSII). Women using CSII had a lower 
first trimester HbA1c compared with women receiving multiple daily 
insulin injections (MDI) (48.5mmol/mol vs 61mmol/mol). Women 
receiving MDI treatment demonstrated a significant improvement in 
HbA1c during pregnancy, such that by the third trimester HbA1c was 
comparable in both treatment groups (48.5mmol/mol CCSI vs 45.00 
mmol/mol MDI.)
Conclusion: These data demonstrate significant improvement in gly-
caemic control during pregnancy in women with pre-existing diabetes 
in our centre. However, women with type 1 diabetes, particularly 
those receiving treatment by CSII had significantly better HbA1c at 
the beginning of pregnancy. Future development of local preconcep-
tion services should particularly target women with type 2 diabetes, 
which is an increasing entity in a younger population.
Disclosure: L.A. Allen: None.

850
Economic evaluation of healthcare providers for the management 
of patients with type 1 diabetes equipped with hybrid closed-loop 
system in France
R. Scarica, M. Schaller, C. Delval;
Air Liquide Healthcare, Bagneux, France.

Background and aims: Management of Type 1 Diabetes (T1D) is 
complex and its complications cause high morbidity and impose 
a heavy economic burden on healthcare systems. Diabetes self-
management education and support has been set out as a priority by 
international guidelines among diabetes interventions for the purpose 
of helping patients to successfully self-manage T1D and reduce the 
risks of acute and long-term complications. The aim of this analysis 
was to estimate the long-term cost-effectiveness of services provided 
by healthcare providers (HPs) to T1D patients initiated with Hybrid 
Closed-Loop (HCL) in France.
Materials and methods: A modified Sheffield T1D policy model was 
used to estimate both complications-related costs and quality-adjusted 
life-years (QALYs) in France, in order to compare the strategy with 
HPs services in combination with HCL versus the strategy without 
HPs services in combination with HCL. Clinical data were sourced 
from the SATURN trial, prospective, multi-centre study on 35 adults 
which assessed the impact of HPs services with HCL initiation to 
T1D patients. Baseline mean age (SD) of the cohort was 42.4 (11.5), 
proportion of female 40% and HbA1c at inclusion was 7.35% (0.77). 
HbA1c at 90 days follow-up was 6.68% (0.63), the mean reduction was 
-0.67% (p = 0.001). The economic evaluation adopted a healthcare 
provider perspective: HCL, consumables and HPs costs were sourced 
from SATURN trial; both complications-related costs and utility scores 
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for QALYs were calculated using country-specific data from published 
literature. Results were expressed in Euro (€) updated to 2023, 3.5% 
discount rate was applied over a lifetime horizon. One-way determin-
istic sensitivity analyses (DSA) were also performed to determine 
the robustness of basecase findings and determine the key drivers of 
cost-effectiveness. First, the influence of HbA1c mean reduction was 
assessed by changing values to -0.8% and -0.4%, then costs and utilities 
by increasing and decreasing values by 20%.
Results: The reduction of HbA1c was associated with a lower inci-
dence rate of all major T1D complications and substantial improve-
ments in QALYs. For the 1,000 patients simulated in the model, the 
strategy of HPs services in combination with HCL was associated with 
an average lifetime incremental cost of 14,294€ and an average lifetime 
incremental gain of 0.79 in QALYs. The average lifetime Incremental 
Cost Effectiveness Ratio (ICER) was 18,184€ per QALY gained, an 
ICER generally considered as good value for money, in a view of a 
conventional threshold based on a willingness-to-pay of 50,000€ per 
QALY gained. Finally, DSA revealed that the model was most sensitive 
to variation in utility scores, followed by HbA1c and costs.
Conclusion: Our analysis suggests that services provided by HPs 
to T1D patients initiated with HCL could be a cost-effective use of 
healthcare resources.
Disclosure: R. Scarica: Employment/Consultancy; Air Liquide 
Healthcare.

851
Prescribing practices of cardioprotective anti-diabetic medica-
tions in marginalised patients
A. Pasha, R.M. Khan, A. Khidhir, T.M. Aladesua, J. Mustafa, G.D. 
Gudleski, S.Y. Bakhai;
Internal Medicine, University at Buffalo, Buffalo, NY, USA.

Background and aims: Cardiovascular disease is the most common 
cause of increased mortality in patients with type 2 diabetes mellitus. 
Novel antidiabetic agents such as sodium-glucose co-transporter 2 
inhibitors (SGLT-2) and glucagon-like peptide 1 agonists (GLP-1) 
were shown to reduce this risk. SGLT-2 are considered a primary 
treatment option in patients with heart failure with reduced ejection 
fraction (HFrEF) in patients with or without type 2 diabetes. There 
is evidence of underprescribing of SGLT2 and GLP1 medications 
in the population with type 2 diabetes and a racial disparity. Aim: 
Evaluate prescription practices and racial differences of anti-diabetic 
cardioprotective medications in patients with HbA1c ≥9.
Materials and methods: A retrospective cohort study was conducted 
in a community-based, academic primary care clinic. The patient 
population was under-resourced and primarily Black. Inclusion cri-
teria for the current study consisted of: age 18-75; T2DM;  HbA1c ≥ 
9; and seen in the clinic within the previous 18 months. Exclusion 
criteria included: type 1 DM; and patients under the care of an endo-
crinologist. Variables of interest included patient demographics, asso-
ciated comorbidities, and medications. Descriptive statistics (means, 
%) were used to summarize demographic and clinical variables. Chi-
square analyses were used to compare differences between groups on 
categorical variables, and t-tests or ANOVAs were used to compare 
differences between groups on continuous variables.
Results: Of the 1418 patients in the clinic population aged 18-75 
with diabetes, 329 (23.2%) had an  HbA1c greater than 9.0. Of these, 
297 patients met the inclusion criteria. Patients were primarily Black 
(49.5%), female (54.5%), and over the age of 55 (60.3%). Patient clini-
cal characteristics are summarized in Table 1. A significant difference 
in BMI between patients taking GLP-1 (M = 34.1, SD = 8.2) and 
those not taking GLP-1 [(M = 31.7, SD =8.2); p = 0.016, d = 0.30] 
was identified. Furthermore, patients taking GLP-1 were more likely 
to also be prescribed metformin than patients not taking GLP-1 (72.0% 

vs 55.8%; OR = 2.04 [1.26 - 3.31]; p = 0.004). No statistical difference 
was seen in prescribing practices (e.g., GLP-1, SGLT2, or both) based 
on sex in heart failure (HF) and chronic kidney disease (CKD) patients.
Conclusion: This study demonstrated underprescribing cardioprotec-
tive anti-diabetic drugs in patients with heart failure, chronic kidney 
disease, and morbid obesity. Furthermore, there was no statistically 
significant difference in prescribing practices between races. We 
observed a gap in the evidence-based management of diabetes with 
cardioprotective anti-diabetic medications. Future directions will 
include enhanced data collection on ethnicity and trajectory of  HbA1c. 
We plan to conduct a quality improvement initiative to address barri-
ers to optimal diabetes management.

Disclosure: A. Pasha: None.

852
Impact of a specialised team for diabetes management during 
hospitalisation in a tertiary hospital in Spain
J. Amigó, O. Simó Servat, A. Ortiz Zúñiga, M. Sanchez, F. Cuadra, 
M. Dos Santos, M. Lara, C. Hernandez, R. Simó;
Hospital Universitari Vall d’Hebron, Barcelona, Spain.

Background and aims: Diabetes mellitus (DM) in hospitalized patients is 
a risk factor for complications during their hospital stay and is associated 
with higher mortality and longer stay. In 2022, a specialised diabetes team 
was created in our centre to act promptly in the glycemic control of patients 
admitted in surgical units of moderate or high complexity or solid organ 
(renal, hepatic or lung) transplantation. Before discharge the best route for 
diabetes follow up was scheduled and patients were led to the Diabetes Day 
Hospital if needed. The aim of the study is to evaluate the impact of this 
intervention on glycemic parameters and inpatient hospital stay.
Materials and methods: As a control group we selected patients 
with DM, either with a previous or a new diagnosis, which were 
hospitalized in the moderate and high complexity surgery and 
transplantation areas. Clinical data and capillary glycemia records 
were collected between October and December 2021 from 97 
patients admitted for more than 4 days. In this “standard of care” 
group the medical team responsible for the patients’ admission 
was also in charge of the management of hyperglycemia. In Janu-
ary 2022, the specialized unit began its activity, proactively tak-
ing charge of the glycemic control of all admitted patients with 
DM in the same mentioned units. Between January and March 
2022, data from 155 patients were collected and compared with 
those previously obtained.
Results: Baseline characteristics were similar in both “standard of 
care” and intervention group (79,5 vs. 73% men, mean age 71,8 vs. 
70,3 years). Most of them had type 2 DM (98,1 vs. 90,6%), with mean 
HbA1c 7,2% vs. 7,1% and 69 vs. 65% of them had at least one chronic 
complication related to diabetes. Almost half of the patients (46 vs 
44,8%) were using insulin. In the two periods, the most used insulin 
treatment during hospitalization was basal insulin with an attached 
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sliding scale. A reduction in the average 3,6 days of days of inpa-
tient hospital stay (16,1 vs 12,5d, p =0,04) was observed in this group 
(p=0,04). A significant decrease in mean capillary blood glucose per 
patient was also detected (162,1 ± 44,4 vs 145,5 ±48 mg/dl, p=0,02) as 
well as a decrease in episodes of hypoglycemia (22,9 vs 8,1, p=0,01). 
On the other hand, more new diabetes diagnoses were made in the 
intervention period (3 vs. 10, p=0,03). Before discharge, insulin was 
started as a treatment in 15,4% of the patients and an early appointment 
in the Diabetes Day Hospital was scheduled in 24,6% of the total of 
patients. No differences were detected in the mortality or number of 
readmissions in the first 30 days. Overall, the specialized unit resulted 
in a cost saving of 200.000€ for the evaluated period of the 3 months.
Conclusion: The results of the intervention have shown to reduce 
the average of inpatient stay, improve glycemic control and reduce 
the economic burden. These promising results should be confirmed 
in long-term studies
Disclosure: J. Amigó: None.

853
Diabetes shared value programme in the South African private 
sector: year two results
N. Bagirathi1, C.  Pastellides2;
1Strategic Risk Management, Discovery Health, Johannesburg, South 
Africa, 2Risk Intelligence, Discovery Health, Johannesburg, South 
Africa.

Background and aims: Discovery Health is the leading medical 
scheme administrator in South Africa. Discovery Health Medical 
Scheme (DHMS) is South Africa’s largest open medical scheme and 
provides cover for ~148,000 people living with type 1 or type 2 dia-
betes in 2022. To address the modest improvements in quality-of-care 
outcomes for diabetes patients, DHMS launched the Diabetes Shared 
Value Programme in 2021. This outcome based remuneration pro-
gramme for primary care providers showed improvements in quality 
of care outcomes in its first year. Aim: To determine the year two 
impact of the Diabetes Shared Value Programme on quality-of-care 
improvements.
Materials and methods: Using DHMS data, multi-state model-
ling techniques confirmed the correlation between lower HbA1C 
levels and a reduced total cost of care in a real-world setting. The 
main driver (90%) of the reduction in total cost of care was due 
to a decrease in hospital admission rates and length of stay. The 
Truven Health disease staging was adapted to define 4 diabetes 
disease stages of varying complexity, each of which was assigned 
an HbA1C in-range goal. After considering both local and inter-
national guidelines on setting HbA1C goals, DHMS established a 
tailored HbA1C in-range reward target per disease stage. Patients in 
the adapted Truven Health disease stage 1 (no complications) and 
stage 2 (micro-vascular complications) were assigned an HbA1C 
in-range reward target of ≤ 7.3%. Patients in disease stage 3 (with 
systemic complications) were assigned an HbA1C reward target of 
≤7.8%. Patients with complications involving multiple sites (such as 
renal failure) were assigned disease stage 4 and an HbA1C reward 
target of ≤8.4%. The HbA1C targets are there to determine provid-
ers’ reward alone. They are independent of clinical HbA1C goals 
the provider may determine for each patient. A quality eligibility 
criterion of an annual HbA1C testing rate of ≥70% for a provider’s 
population was set. Eligible providers were rewarded: ZAR 1,200 
per patient who reached their HbA1C target and/or ZAR 300 for each 
person whose disease stage remained stable over a 12-month period. 
These reward metrics are independent of one another. This means 
that members may not achieve the HbA1C target, but their disease 

stage may remain stable due to other clinically meaningful metrics, 
such as blood pressure and cholesterol management.
Results: The programme launched in 2021 with 1,380 participating 
providers and covered 55 742 members. In year two, an additional 
232 (+17%) providers signed up with 10 077 (+18%) additional 
members. From 2021 to 2022 the number of providers achieving a 
≥70% HbA1C testing rate increased from 347 (25%) to 461 (29%). 
Overall, annual HbA1C testing rates have also increased from 74% 
in 2020 to 81% in 2022. The increase in testing has been associ-
ated with an increase in the proportion of patients reaching their 
‘in range’ target, from 56% in 2020 to 59% in 2022. Looking at 
disease stage movements pre-programme and comparing these to 
the 2022 period, 2% more members remained stable in their dis-
ease stage. Ultimately, the savings derived from these quality and 
outcome improvements, allowed for an additional (average) 14% 
pay to providers.
Conclusion: The Diabetes Shared Value Programme continues to 
be a powerful driver of quality of care outcomes for patients living 
with diabetes. The positive result in year one and year two of this 
programme confirms the value of aligned provider, insurer, and 
patient goals.
Disclosure: N. Bagirathi: None.

854
Understanding the natural history of people admitted with DKA 
to facilitate better services and reduced length of hospitalisation: 
experiences from DEKODE LOS study
A. Gupta, B. Brazier, P. Kempegowda, L. Rengarajan, D. Arshad, 
D. Zhang;
University Hospitals Birmingham, Birmingham, UK.

Background and aims: Diabetes-related ketoacidosis (DKA) is the 
most common emergency needing unplanned hospital admission in 
diabetes and endocrinology. Recent studies have shown mismatch 
between DKA resolution and length of stay following hospitalisation. 
There is paucity of literature exploring causes of discharge delay 
in DKA. We conducted this study to explore factors that influence 
hospital stay during DKA.
Materials and methods: This study was conducted across three hos-
pitals within Birmingham, West Midlands, including a tertiary care 
centre. All people admitted with DKA from January 2021 to Decem-
ber 2022 were included in the study. Data on type of discharge, date 
and time of admission and discharge, DKA diagnosis and resolution, 
medically suitable for discharge, diabetes specialist doctor review, and 
diabetes specialist nurse (DSN) review were collected. Reasons for 
discharge delays before and after patients became medically suitable 
for discharge was documented. The data was analysed in Microsoft 
Excel and results are presented in median or proportion as appropriate.
Results: A total 426 DKA episodes were included. 28 patients died 
during admission and 44 patients self-discharged. 68% of discharges 
were classed as simple and 10% were complex. The median time until 
patients became medically suitable for discharge post DKA resolution 
was 2.7 (1.5-6.0) days. Once medically fit, patients were discharged 
within 6.3 (3.2-10.1) hours. The three main reasons patients stayed in 
hospital after they became medically fit were awaiting discharge let-
ter and medications (51.4%), transport (11.6%) and occupational and 
physical therapy (6.2%). No obvious reasons for delay in discharge in 
25.0% episodes could be identified.
Conclusion: Our study identifies factors that influences hospital stay dur-
ing DKA. Further work is currently underway to utilise our findings to 
facilitate safer and quicker discharges while improving patient experience.
Disclosure: A. Gupta: None.
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Miniaturised near-infrared spectroscopy device in screening 
for diabetes
X. Cos1, D.  Lazaro2, J.  Salter3, P.M. Paldánius4, P.  Choudhary5;
1Sant Martí Primary care Centre, Barcelona, Spain, 2University 
of Exeter, Exeter, UK, 3Teslar Consulting, Wiltshire, UK, 4Uni-
versity of Helsinki, Helsinki, Finland, 5Leicester Diabetes Centre, 
Leicester, UK.

Background and aims: Screening for diabetes (DM) should ide-
ally involve a rapid, non-invasive risk assessment followed by 
diagnostic testing only for those identified to be at elevated risk. 
Yet, DM screening is currently complex, inefficient and requires 
resource-intensive, invasive blood sampling. Chemometric predic-
tion models used in spectroscopy can be calibrated against bio-
markers indicative of elevated glycaemia and may have potential 
for swift and sustainable delivery of non-invasive mass-screening.
Materials and methods: We explored the accuracy and safety of 
a novel, compact, miniaturised near-infrared (NIR) full-spectrum 
spectroscopy device in detection of DM risk status by pooling data 
from two pilot studies conducted in different healthcare delivery 
settings: a specialised diabetes research and primary care centre. 
Rapid NIR assessments of glycated nail keratin in 60 spectral read-
ings of middle fingernails of both hands, in people living with 
(n=100) or without (n=100) known T2DM, focused on detection of 
dichotomised DM risk status (< HbA1c 6.5% ≥) based on chemo-
metric prediction models and relationship between clinical speci-
ficity and sensitivity. An HbA1c point-of-care assay was used as 
internal control for detection of undiagnosed DM and glycaemia in 
both groups. Any safety outcomes were to be listed.
Results: We pooled data for over 12 000 NIR spectral readings in 
a female-dominant (58.5%), mostly non-smoking (80.0%), diverse 
cohort of 200 individuals, with median age of 58 years (range: 
19- 94), BMI of 27.3kg/m2 (range 17-44) and median HbA1c (%) 
of 7.0 (IQR: 6.3- 7.8) and 5.4 (5.2-5.6) for those with and without 
known T2DM, respectively. The best chemometrics model on diag-
nostic HbA1c cut-off value of 6.5% showed a specificity of 92.9% 
(95%CI: 88.5, 97.4) and sensitivity of 34.2% (95%CI: 23.4, 45.1), 
with 71.5% concordance. The AUC /ROC data for the best model 
on two HbA1c threshold levels, 6.5% and 6.0%, are presented in 
the Figure. Both studies showed consistent and reproducible predic-
tions with no relevant impact of tested anthropometric variables, 
concomitant conditions, smoking status, number of spectral assess-
ments per nail or dominance of the hand on the NIR assessments. 
Both studies demonstrated feasibility of the rapid spectral assess-
ments in different clinical settings and no adverse safety events or 
incidents, or suspected de novo DM cases, were being reported.
Conclusion: Development of affordable mass-screening tools 
with high specificity ruling out those without an immediate risk of 
DM will be essential for smarter allocation of limited healthcare 
resources. Our pooled results indicate clinical feasibility and high 
specificity of NIR spectroscopy-based assessment of risk of DM, 
as well as its potential for screening, early detection, and sustain-
able management of increased DM risk in any healthcare delivery 
settings.

Clinical Trial Registration Number: NCT05198895, NCT05476016
Supported by: Glyconics Ltd
Disclosure: X. Cos: Employment/Consultancy; AstraZeneca, Abbott, 
Boehringer Ingelheim, Lilly, Novartis, Novo Nordisk and Sanofi Dia-
betes, Sanofi Pasteur, Esteve. Grants; AstraZeneca, Boehringer Ingel-
heim, SANOFI, Novartis. Honorarium; Glyconics. Lecture/other fees; 
Novartis, Lilly, AstraZeneca, Boehringer Ingelheim, Novo Nordisk, 
Sanofi Diabetes, Sanofi Pasteur.

856
The determinants of using Digital Health Solutions for people 
living with type 1 and type 2 diabetes in France
P. Cerletti1, J.  Laurent2, N.  Hermanns3;
1Roche Diagnostics, Basel, Switzerland, 2Carenity, Paris, France, 
3Forschungsinstitut der Diabetes Academy Mergentheim (FIDAM), 
Bad Mergentheim, Germany.

Background and aims: Digital Health Solutions (DHS) bear great 
potential to support people with diabetes (PwD) in their daily diabetes 
management aiming to lower their diabetes distress and increase quality 
of life. However, there is still lacking evidence around the determinants 
of using DHS, specifically involving the direct perspective of PwD. 
Patient-centricity has gained vast importance due to the misalignment 
on what patients deem important for their disease management and the 
data collected and reported. In this study, we integrated the perspective 
of PwD in assessing the use of DHS and potential determinants in a 
French cohort using a patient-centered cross-sectional survey.
Materials and methods: We conducted the survey from April to 
July 2022 including 301 PwD (T1D n=149; T2D n=152) living in 
France. A three-step process was applied to develop the survey. After 
an initial literature review, we engaged PwD and diabetes advocacy 
organizations to jointly draft the survey. It was finalized after a cogni-
tive debriefing with a separate group of PwD to test for coherence and 
acceptability. We created three categories of DHS, aiming to cover 
most existing solutions in the market, as following: (1) DHS to access 
general information, education, and support related to your health and 
diabetes; (2) DHS to collect and use your own health data to help 
with daily self-management; (3) DHS to obtain remote care and share 
information between you and your health care professionals. Selected 
potential determinants for using DHS were age, sex, diabetes type and 
duration, health status, use of glucose monitoring systems, treatment 
and comorbidities. The sample was weighted according to the age dis-
tribution of the French population (INSEE Report 2021) to increase 
representativeness. Multiple logistic regression models were performed 
to test the association of the potential determinant variables and the 
usage of DHS.
Results: Information solutions were most commonly used (53%), 
compared to self-management (46%) or remote care solutions (35%). 
The usage of information solutions (1) was significantly associ-
ated with health status displaying an odds ratio of 0.76 (95%CI: 
0.58; 0.98, p=0.040)) for subjects with worse health status. Using 
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self-management solutions (2) was significantly associated with inten-
sified treatment and comorbidities with odds ratios of 1.29 (95%CI: 
1.10; 1.51, p=0.002)) for intensified treatment and 0.70 (95%CI: 0.49; 
1.00, p=0.002) for increased number of comorbidities, respectively. 
The use of remote care solutions (3) was significantly associated 
with intensified treatment and duration of diabetes with odds ratios 
of 1.27 (95%CI: 1.08; 1.51, p=0.005)) for intensified treatment and 
1.09 (95%CI: 0.49; 1.17, p=0.012) for increased duration of diabetes, 
respectively. Age, sex, diabetes type and using glucose monitoring 
systems showed no significant difference in the usage of DHS.
Conclusion: Intensified diabetes treatment, increased diabetes dura-
tion and comorbidities seem to be relevant predictors for using DHS. 
Participating PwD with comorbidities were less likely to use DHS, 
although they may benefit from using DHS. In this multivariate analy-
sis, younger age and type 1 diabetes were not significant predictors of 
DHS use when controlling for confounding variables. More research 
is required to identify why PwD with potentially greater benefits may 
use DHS to a lesser extent.
Disclosure: P. Cerletti: Employment/Consultancy; This study was 
funded by Roche Diagnostics International AG. Cerletti P. is an 
employee at Roche Diagnostics International Ag – Basel Branch 
Diabetes Care.

857
Glycaemia risk index (GRI) uncovers distinct glycaemic variabil-
ity patterns associated with remission status in type 1 diabetes
X. Li, T. Zhong, X. Li, K. Lei, R. Tang;
The Second Xiangya Hospital of Central South University, Changsha, 
China.

Background and aims: A composite metric that captures the quality 
of glycemia from continuous glucose monitor (CGM) tracings has the 
potential to be a valuable tool for recognizing disease heterogeneity. 
In this study, we aimed to define different remission status using GRI 
in a cohort of patients with type 1 diabetes (T1D).
Materials and methods: A group of 140 patients with T1D were 
recruited for a cross-sectional study. The patients were divided into 
four groups based on their remission status: new-onset (n = 24), 
remission (n = 44), post-remission (n = 44), and non-remission 
(n = 28). Clinical parameters such as HbA1c, C-peptide, BMI, 
and insulin daily dose, as well as IDAA1C and CGM data, were 
collected. The circadian patterns of CGM metrics were analyzed 
for each remission group using adjusted mixed-effects model. The 
patients were then clustered into four groups based on 16 CGM 
metrics using unsupervised hierarchical clustering.
Results: The circadian patterns and CGM metrics were found to 
be distinct across the four groups. Remitters demonstrated greater 
glycemic stability over multiple days within the range of 70-180 
mg/dL, as well as reduced GRI, as compared to non-remitters (P 
< 0.0001). Moreover, GRI strongly correlated with IDAA1C (r 
= 0.65; P < 0.0001) and were sufficient to distinguish remitters 
from non-remitters. Also, CGM analysis allowed the identification 
of four novel subgroups based on remission status that reflected 
the evolution of glycemic variability patterns: non-remitters with 
high risk of hypoglycemia, remitters with low risk of dysglycemia, 
non-remitters with high risk of hyperglycemia, and non-remitters 
with moderate risk of dysglycemia.
Conclusion: In our cohort, combination of CGM core metrics and 
GRI added an emerging understanding of remission status in T1D.

Supported by: NSFC
Disclosure: X. Li: None.

858
Digital Twin-based personalised diet improves glycaemic control 
in type 2 diabetes: findings from a 6-month randomised con-
trolled trial
P. Shamanna1, J.  Mohammed2, M.  Mohammed3, T.  Poon2, M. 
 Dharmalingam4, B.  Saboo5, S.  Damodharan6, A.  Vadavi7, M. 
 Thajudeen8, A.  Keshavamurthy8, S.  Bhonsley8, S.  Joshi9;
1Bangalore Diabetes Centre, Bangalore, India, 2Twin Health Inc, Mountain 
view, CA, USA, 3Twin Health, Mountain view, CA, USA, 4MS Ramaiah 
Medical College, Bangalore, India, 5Dia-Care Diabetes Centre, Ahmedabad, 
India, 6Ramakrishna Hospital and Harvey Speciality clinic, Coimbatore, 
India, 7Sudha Prevention Center, Bangalore, India, 8Twin Health, Bangalore, 
India, 9Joshi Clinic and Lilavati Hospital, Mumbai, India.

Background and aims: Postprandial glycemic responses (PPGRs) to 
food may be influenced by and predicted according to characteristics 
unique to each individual, including anthropometric and microbiome 
variables. The aim was to study the effect of a personalized diet using 
the Digital Twin (DT) predicted Glycemic response on glycemic 
parameters and remission of diabetes. The personalized food recom-
mendations were provided through the mobile app
Materials and methods: Data from 174 participants who had been 
on DT for 6 months or more were analyzed. Remission was defined as 
A1C levels less than 6.5% without medication for over 3 months. The 
Digital Twin uses a machine learning algorithm to integrate clinical and 
sensor data to predict personal postprandial glucose response. Patients 
were connected to continuous glucose monitoring (CGM) throughout 
the study and self-recorded dietary intake using the mobile app.
Results: The study participants had a mean diabetes duration of 
3.6±2.6 years and a mean age of 44.6±8.9 years. According to ADA 
criteria, 85% (n=148/174) of participants achieved diabetes remission. 
AUC per day at baseline was 1039 ± 91 and reduced to 125 ± 79 at 180 
days. At 6 months, there was a significant difference in AUC between 
participants who achieved remission and those who did not (120 ± 79 
vs 155 ± 71; p=0.038). Although a bigger difference in Delta AUC 
(88) was observed between the two groups, it was not statistically sig-
nificant (p=0.402). Glucose levels at 6 months were also significantly 
different between the two groups (93 ± 15 vs 110 ± 20, p <0.001). 
Participants who achieved remission also experienced a greater reduc-
tion in weight at 6 months compared to those who did not (11 ± 6 vs 
8 ± 5, p = 0.019). (Table)
Conclusion: The Nudge-Touch technology, enabled with DT algo-
rithms and personalized nutrition recommendations, has demon-
strated effectiveness in reducing postprandial glucose response 
(PPGR), improving A1C levels, lowering fasting glucose levels, 
achieving weight loss, and inducing diabetes remission.
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Clinical Trial Registration Number: CTRI/2020/08/027072
Disclosure: P. Shamanna: None.

859
Evaluation of glucometrics knowledge and its relationship with 
glycaemic control in people living with type 1 diabetes: Gluko-
metrics study
R. Reyes-Garcia1, O. Moreno-Perez2, C. Tejera-Perez3, M. Brito-
Sanfiel4, P.  Pines5, E.  Aguilera6, M. Gargallo-Fernandez7, J. Escalada 
San  Martin8;
1Endocrinology Unit. Torrecardenas University Hospital, Almeria, 
Spain, 2Endocrinology and Nutrition Department. Hospital Gen-
eral Universitario Doctor Balmis de Alicante - ISABIAL. Miguel 
Hernández University, Alicante, Spain, 3Endocrinology and 
Nutrition Department. Complejo Hospitalario Universitario de 
Ferrol, A Coruña, Spain, 4Endocrinology and Nutrition Service. 
Hospital Universitario Puerta de Hierro, Majadahonda, Madrid, 
Spain, 5Endocrinology and Nutrition Service. Complejo Hospita-
lario Universitario de Albacete, Albacete, Spain, 6Department of 
Endocrinolgy and Nutrition, Hospital Universitari Germans Trias 
i Pujol, Badalona, Barcelona, Spain, 7Endocrinology and Nutri-
tion Department. Hospital Universitario Infanta Leonor. Fun-
dación Jiménez Díaz, Madrid, Spain, 8Endocrinology and Nutri-
tion Department. Universidad de Navarra. Clínica Universidad de 
Navarra, Pamplona, Spain.

Background and aims: Glucometrics knowledge in people living 
with type 1 diabetes (PLWT1D) using flash glucose monitoring 
(FGM) may not be adequate, and areas for improvement can be 
identified and implemented. Our aims were to evaluate the gluco-
metrics knowledge in PLWT1D attended in endocrinology units, 
to identify training needs and to establish areas for improvement. 
Additional objectives were to evaluate the relationship between 
the retrospective evaluation of the ambulatory glucose profile 
(AGP) by PLWT1D and glycemic control (HbA1c and glucomet-
rics). Statistical approach: descriptive analysis (median [IQR]); 
Mann-Whitney U test. Ethics committee approval Ref. HUT 
60/2022.
Materials and methods: Cross-sectional study in routine clinical 
practice, with sequential sampling of PLWT1D with use time of FGM 
≥70% in outpatient endocrinology clinics. Knowledge was assessed 
through a self-completed online survey (17 questions, score between 
1-16), including questions related to glucometrics definitions and 
actions according to trend arrows (9 items, score between 1-9) and 
items related to data analysis by PLWT1D.

Results: 242 people responded to the questionnaire (50% women, 
mean age 47.6 ± 17.7 years, diabetes duration 22 (12.7-31.2) 
years, time since start FGM 31 (22-36) months. Median usage 
of FGM was 95.5 % (90-98), TIR 65.5 % (52.7-78), CV 35.6 % 
(30.7-39.2), TBR 2 % (1-4), GMI 7 (6.7-7.5). The overall global 
score was 12 [10-13], overall glucometrics score 5 (5-6). The 
main unknowns regarding blood glucose monitoring were: “defi-
nitions” TBR 7.3%, CV 71.2%; “targets” TIR 19.2%, TBR 72.9%. 
More than half of the patients had difficulties in making deci-
sions regarding current glucose and trend arrow in real time in 
figurative clinical scenarios. A glucometrics knowledge score > 
4 was related to a mild better A1c (7.1 [6.5-7.6] vs 7.2 [6.8-7.8], 
p=0.03) and higher TBR (3 [1-5] vs 1.5 [1-3.2], p=0.04). 73% 
PLWT1D analyze AGP data outside of medical visits. In those 
who analyze data retrospectively, we observed better A1c (7.1 
[6.5-7.6] vs 7.5 [6.8-8.1] %, p = 0.032), better TIR (66 [53-79] 
vs 56 [46.7-69.2] %, p = 0.028) and lower CV (35 [30-38.5] vs 
39.4 [34.6-41.0] % , p = 0.016).
Conclusion: In PLWT1D attended in endocrinology units, there is 
a roof of improvement both in glucometrics knowledge and in the 
analysis and use of data from flash glucose monitoring. Strategies 
aimed at improving knowledge and data analysis are necessary and 
may result in better glycemic control.
Disclosure: R. Reyes-Garcia: None.

860
Association between circadian rhythm and daily glycaemic status
I. Jung1, D.  Lee1, J.-B.  Lee2, S.  Park1, J.  Yu1, J.  Seo1, H.-J.  Lee3, 
N.  Kim1;
1Division of Endocrinology and Metabolism, Department of 
Internal Medicine, Korea University College of Medicine, Seoul, 
Republic of Korea, 2Korea University Chronobiology Institute, 
Seoul, Republic of Korea, 3Department of Psychiatry, Korea Uni-
versity Chronobiology Institute, Seoul, Republic of Korea.

Background and aims: Although it is well-known glycemia can 
be affected by circadian rhythms, the evidence in a free-living set-
ting was scarce. We investigated the relationship between circa-
dian rhythm and daily glycemic status using continuous glucose 
monitoring (CGM).
Materials and methods: We analyzed data from 77 insulin-
treated patients with type 2 diabetes. Participants wore Dexcom 
G6 and Fitbit for 10 days. Daily percentage of time in the range 
of 70 to 180 mg/dL  (TIR70-180), time <70 mg/dL  (TBR<70), and 
>180mg/dL (TAR >180) were reorganized from CGM data. As a 
feature of circadian rhythm, we extracted heart rate (HR), sleep, 
and activity data from Fitbit. Spearman correlation analysis was 
performed between Fitbit and CGM data with adjustment for age 
and sex.
Results: The mean age and HbA1c levels were 54 ± 12.3 years and 
8.1 ± 1.1%, respectively.  TIR70-180 was positively associated with 
amplitude,  R2 value, and step counts, whereas there was a negative 
association between mesor or resting HR with  TIR70-180. In general, a 
more sedentary time during the daytime was related to low  TIR70-180, 
and active minutes during the daytime showed a positive correlation 
with  TIR70-180. TAR >180 exhibited inverse significance with  TIR70-180. 
In the case of TBR<70, there was significance in sedentary time and 
lightly active minutes.
Conclusion: This study showed that an intact circadian rhythm esti-
mated by a wearable activity tracker was related to CGM-derived 
glycemic status.
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Supported by: NRF,NIPA,Doctor Answer 2.0,MSIT
Disclosure: I. Jung: None.

861
Describing a 3D innovation in digital diabetes from a tertiary care 
diabetes centre in India
P. Gangadhara1, R.  Harish2, V.  Mohan1, J.  S3, S.  B3, R. 
 Unnikrishnan1, R.M.  Anjana1;
1Diabetology, Dr Mohan’s Diabetes Specialities Centre Gopalapuram, 
Chennai, Tamil Nadu, India, Chennai, India, 2Translational Research, 
Madras Diabetes Research Foundation, Chennai, India, 3Information 
technology, Dr Mohan’s Diabetes Specialities Centre Gopalapuram, 
Chennai, Tamil Nadu, India, Chennai, India.

Background and aims: People with diabetes need comprehensive 
and holistic care - regular follow up and testing, constant monitor-
ing, proper and timely medication, a well-planned diet, and regular 
physical activity to maintain normal blood glucose levels. Use of 
technology in the management of diabetes has helped to close the 
gap between patients and healthcare providers (HCPs). We aimed to 
evaluate whether a novel 3D digital model can help people with dia-
betes (PWD) achieve better outcomes and bridge gaps in care between 
patients & providers.
Materials and methods: 3D is an in-house technology innovation 
from our institute consisting of DIA, DIALA and DIANA. DIA is an 
AI based 24x7 health assistant bot that provides information on dia-
betes & other Non-Communicable Diseases (NCD) to patients, their 
families or anyone interested in NCD management. It answers ques-
tions on diet, physical activity, sleep, obesity, stress, self-monitoring 
and other lifestyle behaviours focussed on prevention and management. 
DIALA is a Diabetes Lifestyle Assistant App for PWD. This app helps 
in tracking health records and calories/steps, refilling prescriptions, 
home blood testing, shopping for diabetes products& booking doctor 
appointments. It is a link between the patient &provider. DIANA is a 
web-based precision diabetes tool for physicians to classify individuals 
with newly detected type 2 diabetes(T2D) into specific subgroups to 
estimate their risk of microvascular complications and likelihood of 
them responding to specific treatment modalities. This abstract focuses 
on data from DIA and DIALA. Descriptive statistics have been pre-
sented either as n or %. Chi-square and online z calculators were used 
to measure differences across groups, compare participant characteris-
tics pre and post app launch and to show sex differences.
Results: We currently have around 50000 PWD accessing DIA and 
DIALA since its launch in late September2022. Till date DIALA 
has been downloaded by 24037 users (23,500 android users & 500 
iPhone users) globally and has been rated 4.8 stars (excellent) in the 
Play Store. PWD have most commonly used the app for tracking 
their health records & connecting with providers. Among those who 
downloaded DIALA, 65%(15647) were males and35% of the males 

and 34% females were above 60 years old. Among individuals who 
used the app for 3 months (n=3909), preliminary analysis shows sta-
tistically significant improvements in HbA1c, LDL cholesterol, and 
waist circumference. All other variables remained stable (Table 1).
Conclusion: 3D is a futuristic scalable technological innovation 
that can enable PWD to improve outcomes by empowering them 
to take charge of their own health. At the same time, it provides 
a 24/7 connect to the HCP which is of great support to the PWD

Disclosure: P. Gangadhara: None.

862
Digital platform for awareness and screening peripheral neu-
ropathy in Thailand: transformation on diabetes management
A. Salaiwarakul1, E.  Wanothayaroj2;
1Procter & Gamble Trading (Thailand) Ltd, Bangkok, Thailand, 2Dia-
betes and Thyroid center, Theptarin Hospital, Bangkok, Thailand.

Background and aims: Peripheral neuropathy (PN) has various eti-
ologies including diabetes mellitus. One in two people with diabetes 
have PN and half of them are asymptomatic. Thailand prevalence data 
showed 34% of people with diabetes having diabetic peripheral neu-
ropathy (DPN). This indicates a patient awareness and diagnosis gap. 
Digital healthcare such as telehealth and self- screening application has 
significantly increased after Covid-19. A systematic review showed the 
increased use of social media for primary health knowledge exchange 
between healthcare professionals and patients. Consequently, this has 
led to healthcare promotion opportunity for patient care. Hence, this 
abstract aimed to improve awareness and screening in Thailand through 
a digital healthcare ecosystem to enable early diagnosis.
Materials and methods: The Douleur Neuropathique en 4 (DN4) ques-
tionnaire validated in Thai for screening painful PN was developed into 
a URL link and posted on 3 main digital platforms including 1) social 
media (Facebook, Website and LINE application), 2) the direct mobile 
SMS and 3) e-mail. The URL link was then sent to people in the data-
base from MorDee, telemedicine platform in Thailand. Addition to the 
DN4 questionnaire, DPN awareness content has been posted on all plat-
forms, for patient education. Patients who were interested to check their 
symptoms could self-perform the questionnaire and decide to consult a 
doctor via telemedicine. High risk of PN was defined by at least 3 out 
of 7 symptom scores based on patients’ symptoms interview criteria.
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Results: The DN4 questionnaire link reached 1,646,980 participants 
nationwide from June 2022 - January 2023. In total 5,884 question-
naires were completed (0.4%) with 67% female responders. 46% were 
at high risk of PN and the most 3 common symptoms were tingling, 
pins and needles and numbness by 69%, 40% and 39% respectively. 
146 patients further consulted doctors via telemedicine. Out of the 
116 cases having the recorded diseases defined by International Clas-
sification of Diseases (ICD-10), only neuropathy related diseases 
of interest (n=48) are reported in table 1. Approximately, 23% of 
patients were diagnosed as unspecified neuralgia and neuritis. People 
with diabetes caused neuropathy and mononeuropathy were about 9 % 
and 7% respectively. Any idiopathic peripheral autonomic neuropathy 
plus polyneuropathy, unspecified were nearly 4%. In comparison with 
prior 6 month, there were 10 increased cases of diagnosed diabetes 
caused neuropathy by telemedicine.
Conclusion: The DN4 on digital platforms could be an alternative tool 
to improve DPN disease awareness and self - screening in Thailand. 
This program could be also adapted to screen undiagnosed people with 
diabetes by detecting their neuropathy symptoms in the future.

Disclosure: A. Salaiwarakul: None.
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Attitudes and beliefs regarding use of time in range among 
diabetes healthcare professionals: early results from an online 
survey conducted in Canada, UK and USA
A.Y.Y. Cheng1, C. De  Block2, A.  Agrawal3, G.  Anil3, J.M. 
D’Cruz3, A.  Ginovker4;
1University of Toronto, Toronto, ON, Canada, 2University of Ant-
werp, Antwerp, Belgium, 3Novo Nordisk Service Centre Private 
Ltd., Bangalore, India, 4The Harris Poll, Princeton, NJ, USA.

Background and aims: Time in range (TIR) is a measure of gly-
caemic control, generated from continuous glucose monitoring 
(CGM) data. This survey aims to deepen the understanding of atti-
tudes and beliefs on the use of TIR among healthcare professionals 
(HCPs) and to further assess the need for education among HCPs.
Materials and methods: An online survey is ongoing in Brazil, 
South Korea, Spain and Sweden, and completed in Canada, the UK 
and the USA. Participants are HCPs who are actively involved in 
management of people with diabetes, sampled from online HCP 
panels and comprised of three groups: specialist physicians (SP), 
generalist physicians (GP) and allied healthcare professionals (AP; 
nurses/nurse practitioners, diabetes nurse specialists/educators, 
physician assistants). All participants are aware of TIR (defined as 
amount of time in, below and above target range). T-test of means 
and Z-test of proportions were used to assess subgroup differences. 
No multiple comparison adjustments were made.
Results: Results from Canada, the UK and the USA were collected 
from 12 January to 7 February 2023. Respondents included 340 
SP, 324 GP and 161 AP who spent >90% of time on average in 
direct patient care of people with both type 1 (T1D) and 2 (T2D) 
diabetes. Expected outcomes of TIR use in diabetes management 
are listed in the Figure. Positive impact on treatment satisfaction 
with TIR use was expected by nearly all respondents (SP: 94%, GP: 
93%, AP: 98%). Most HCPs think people with T1D (SP: 91%, GP: 
90%, AP: 86%), T2D on multiple daily injections (SP: 84%, GP: 
85%, AP: 87%), T2D on premixed insulin (SP: 68%, GP: 75%, AP: 
81%) and T2D on basal insulin only (SP: 65%, GP: 63%, AP: 66%) 
would benefit ‘a lot’ or ‘a fair amount’ from using TIR. Ambula-
tory glucose profile (AGP) reports were used by most SP (62%) 
and AP (54%), but few GP (23%). Despite low use of AGP reports 
among GP, few GP (34%) would like greater access to AGP report 
interpretation guides (SP: 37%, AP: 49%). Among HCPs who used 
AGP reports, TIR was viewed as the most helpful metric for them-
selves (SP: 87%, GP: 89%, AP: 91%) and people with diabetes 
(SP: 82%, GP: 80%, AP: 84%). Time below range was viewed as 
the second most helpful metric for themselves (SP: 72%, GP: 63%, 
AP: 76%) and people with diabetes (SP: 56%, GP: 52%, AP: 69%). 
Considerably fewer HCPs viewed glucose variability (SP: 60%, GP: 
29%, AP: 67%) as the most helpful metric for themselves. Most 
HCPs agreed ‘physicians should not be the only ones educating 
and explaining TIR to patients’ (SP: 86%, GP: 91%, AP: 94%) and 
‘educating patients about TIR requires a lot of time from the HCP’ 
(SP: 78%, GP: 87%, AP: 64%).
Conclusion: A number of positive outcomes are expected from TIR 
usage by HCPs. However, further training and education must be 
prioritised for HCPs (especially GPs) to realise the full potential 
of TIR and CGM in clinical practice.
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Supported by: Novo Nordisk
Disclosure: A.Y.Y. Cheng: Employment/Consultancy; Abbott, Astra 
Zeneca, Bayer, Boehringer Ingelheim, Dexcom, Eisai, Eli Lilly, 
Insulet, HLS Therapeutics, Janssen, Novo Nordisk, Sanofi, Takeda. 
Grants; Applied Therapeutics, Sanofi. Other; Abbott, Amgen, Astra 
Zeneca, Bausch, Bayer, Boehringer Ingelheim, Dexcom, Eli Lilly, 
GSK, HLS Therapeutics, Insulet, Janssen, Medtronic, Merck, Novo 
Nordisk, Pfizer, Sanofi (speakers’ bureau).

864
Trust in sources of diabetes information in six European countries
E. Lin, E. Cox, T. Bell, T. Bristow, R. Wood;
dQ&A, San Francisco, CA, USA.

Background and aims: Accurate health information is critical for the 
successful management of diabetes. However, with the abundance of 
information sources available in the current digital era, the reliability 
and trustworthiness of these sources varies widely. The present study 
aims to examine the leading sources of diabetes information among 
people with diabetes (PWD) and the level of trust in these sources.
Materials and methods: From October-November 2022, n=3,347 
adults with diabetes in France, Germany, Italy, Netherlands, Sweden, 
and the United Kingdom took an online survey in which they reported 
their sources of diabetes-related information and trust in these sources. 
Respondents selected up to five sources of diabetes-related information 
from a 10-item list, ranging from healthcare professionals to online 
sources, and answered a 5-point trust scale for each of the chosen 
sources. Trust was calculated as the proportion of respondents select-
ing the top two scale points, “Somewhat trust” or “Completely trust.” 
Distrust was calculated as the proportion of respondents selecting the 
bottom two scale points, “Somewhat distrust” or “Not at all trust.” 
Subsequent responses (67% type 1, 54% female) were analyzed using 
two-proportion z-tests and reported at the 95% confidence level.
Results: Healthcare providers are the leading source of diabetes-related 
information (79%), while TV advertisements are the least common 
source (5%). PWD report the highest trust in their healthcare provider 
(94%) and pharmacist (88%), and the highest distrust in TV adver-
tisements (23%) and social media (14%). Differences in top sources 
and trust are observed between young and middle-aged adults (18-44 
years) and older adults (65 years and older). Compared to young and 
middle-aged adults, a greater proportion of older PWD turn to their 
healthcare provider (87% vs. 76%, p<0.001) or pharmacist (31% vs. 
12%, p<0.001) for diabetes information. Compared to older PWD, 
young and middle-aged adults with diabetes are more likely to turn to 
peers with diabetes (43% vs. 32%, p<0.001) or use social media (47% 
vs. 13%, p<0.001) as an information source. Younger adults also trust 
online sources more than older PWD, including social media (50% vs. 
36%, p=0.038) and diabetes websites (85% vs. 74%, p<0.001). Top 

sources of diabetes information and trust in these sources also vary by 
diabetes type. Relative to type 1 (T1) PWD, type 2 (T2) PWDs rely 
more on their healthcare provider (86% vs. 75%, p<0.001) and phar-
macist (39% vs. 7%, p<0.001) for diabetes advice. Conversely, more 
T1 PWD than T2 PWD prefer digital sources of diabetes information, 
such as online forums (45% vs. 36%, p<0.001), social media (44% vs. 
14%, p<0.0001), and diabetes websites (48% vs. 40%, p<0.001). T1s 
also have greater trust in online sources than T2s, including social 
media (48% vs. 35%, p=0.002) and diabetes websites (85% vs. 75%, 
p<0.001).
Conclusion: This research reveals variations in top sources of diabe-
tes information and trust in these sources by age and diabetes type. 
Older PWD and individuals with type 2 diabetes rely on healthcare 
professionals for diabetes information, while young and middle-aged 
adults as well as T1s prefer online sources. These variations highlight 
the need for targeted strategies for communicating diabetes informa-
tion to different demographic groups and suggest potential areas of 
improvement, including social media and TV advertising, in the reli-
ability and trustworthiness of health information.
Disclosure: E. Lin: Employment/Consultancy; Authors are employ-
ees of dQ&A, a company that provides research services for a fee to 
several clients (>10) in the diabetes field.

865
Socioeconomic gender has an impact on diabetes risk, but not on 
gestational diabetes risk
T. Gisinger1, J.  Harreiter1, D.  Simmons2, M. van  Poppel3, G. 
 Desoye4, A. Kautzky-Willer1;
1Department of Internal Medicine III, Medical University Vienna, 
Vienna, Austria, 2Western Sydney University, Sydney, Australia, 
3EMGO+ Institute for Health and Care Research, VU University 
Medical Centre, Amsterdam, Netherlands, 4Medical University Graz, 
Graz, Austria.

Background and aims: Obesity is associated with both type 2 diabetes 
(T2D) and the risk of gestational diabetes mellitus (GDM). The contri-
bution of biological sex to the risk of both T2DM and its complications 
(including its management) remains an area of interest. However, little 
research has been on relationships with sociocultural gender. We have 
investigated the relationship between socioeconomic gender and the 
risk of GDM in pregnant females with a higher body mass index (BMI). 
Further we wanted to test if potential influences are also present in a 
comparable non-pregnant cohort with regard to DM risk.
Materials and methods: The data used were derived from two differ-
ent cohorts. The female pregnant cohort is from the Vitamin D And 
Lifestyle Intervention for Gestational Diabetes Mellitus Prevention 
(DALI) trial and includes pregnant women with a BMI ≥29 kg/m2. 
The DALI lifestyle study was carried out in 9 different European 
countries (Austria, Belgium, Denmark, Ireland, Italy, the Nether-
lands, Poland, Spain, UK). Data from non-pregnant women aged 
18-40 years with a BMI > 29 kg/m2 come from the European Health 
Information Survey including all European countries (EHIS). Edu-
cational level (low/middle versus high), marital status (with versus 
without partner), number of children and employment status (work-
ing versus not working) were used as gender-related variables. The 
association between the gender-related variables and the risk of being 
diagnosed with GDM or DM respectively was analyzed using a logis-
tic regression model.
Results: There were 1,003 women in the DALI (mean age 32.11, BMI 
34.02) and 31,275 in the EHIS cohorts respectively (mean age 35-39 
years, BMI 32.29 ). No association between gender-related variables 
and the risk of GDM was found in the whole DALI cohort. How-
ever in the country by country analysis, an association between GDM 
risk and employment level was seen in Poland (p-value=0.005, OR 
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1.28, CI95%: 0.08-0.41) and with education level in the Netherlands 
(p-value=0.01, OR 1.21, CI95%: 0.08-0.21) . In the total EHIS cohort, 
an association between employment status (all p-values 0.003, CI95%: 
0.01-0.04) and risk for DM was found. Number of children, educa-
tional and marital status was not associated with diabetes mellitus risk.
Conclusion: Our study suggests that socioeconomic gender has an 
influence on DM risk in a high-risk overweight/obese female non-
pregnant cohort. However, in overweight/obese pregnant women soci-
ocultural gender is not associated with GDM risk in our study cohort.
Disclosure: T. Gisinger: None.

866
The association between blood glucose levels of children with type 
1 diabetes and parental economic status in a mobile health app
W. Zhang1, C.  Wang2, Y.  Ding1, X.  Zheng1, S.  Luo1;
1Department of Endocrinology, Institute of Endocrine and Metabolic 
Diseases, the First Affiliated Hospital of USTC, Division of Life Sci-
ences and Medicine, University of Science and Technology of China, 
Hefei, China, 2Department of Endocrinology and Metabolism, The 
Third Affiliated Hospital of Sun Yat-sen University, Guangdong Pro-
vincial Key Laboratory of Diabetology, Guangzhou, China.

Background and aims: Parental economic status may influence the 
glycemic control of children with type 1 diabetes (T1D). We aimed to 
investigate the association between blood glucose levels of children 
with T1D and parental economic status by a mobile health APP.
Materials and methods: We collected the data of children with T1D 
that had been enrolled in the China T1D Registry and Management 
Project and registered in TangTangQuan®, the largest T1D online 
community in China. The blood glucose levels uploaded every three 
months after registration were retrieved. Parental economic status 
was evaluated by annual household per capita income, and the chil-
dren were divided into the low-income group (<30,000 yuan), the 
middle-income group (30,000~100,000 yuan) and the high-income 
group (>100,000 yuan) (1 yuan≈0.134 euro). The blood glucose levels 
among the three groups were compared. Spearman’s correlation analy-
sis and multivariable logistic regression were conducted to explore 
the association between glucose levels and parental economic status.
Results: From September 2015 to August 2022, a total of 1,406 eligible 
children with T1D were included and 779 were female (55.4%). The 
median age was 8.1 (Q1-Q3, 4.6-11.6) years and the duration of T1D 
was 0.06 (0.02-0.44) years. Among them, 320, 724 and 362 children 
were in the low-income, middle-income and high-income group, respec-
tively. The baseline HbA1c were comparable among the three groups 
[low-income: 12.8 (10.8-14.4) vs. middle-income: 12.0 (10.0-14.0) 
vs. high-income: 12.3 (11.0-13.7) %, respectively; P=0.072)], while 
the low-income group had the highest HbA1c at month 36 [10.8 (9.2-
11.9) vs. 9.5 (8.4-11.5) vs. 8.7 (8.0-10.0) %, respectively; P=0.036]. 
At month 36, the difference of glucose levels was found in pre-dinner 
[9.2 (8.0-11.8) vs. 7.8 (6.9-11.6) vs. 6.8 (5.6-8.0) mmol/L, respectively; 
P=0.004]. Within three years after registration, the glucose levels of 
each interval in the low-income group were increasing significantly, 
while no significant increase was found in the middle-income and the 
high-income group. The parental economic status was correlated nega-
tively with pre-dinner glucose (r=-0.272, P=0.012). After the adjust-
ment of factors including age, gender, duration of T1D, insulin treatment 
and parental educational level, parental economic status was still the 
related factor of pre-dinner glucose (OR=0.008, 95% CI: 0.01-0.48, 
P=0.013).
Conclusion: The blood glucose levels of children with T1D were 
negatively associated with parental economic status. It is suggested 
that parental economic status should be taken into consideration in 
the management of T1D for children.

Clinical Trial Registration Number: ChiCTR2000034642
Supported by: NSFC(82100822); NSF of Anhui Province(2008085M
H248,2008085MH278); Innovative Research Team of The First Affili-
ated Hospital of USTC(CXGG02)
Disclosure: W. Zhang: None.

867
Precision medicine in type 2 diabetes: validation of an treatment 
selection model for SGLT2-inhibitor and DPP4-inhibitor thera-
pies in people of non-white ethnicity
J.M. Dennis1, K.  Young1, P.  Cardoso1, R.  Hopkins1, E.  Pearson2, A. 
 Hattersley1, T.  McKinley1, A.  Jones1, B.M.  Shields1;
1University of Exeter, Exeter, UK, 2University of Dundee, Dundee, UK.

Background and aims: A recently published treatment selection model 
for SGLT2-inhibitor and DPP4-inhibitor therapies provides individu-
alised predictions of differences in glucose-lowering efficacy, weight 
change and discontinuation risk on the two drug classes. The model 
was developed and validated in predominately White individuals. We 
aimed to test the clinical utility of the model to predict each outcome 
across major UK self-reported ethnicity groups in independent data.
Materials and methods: Large scale UK population-based data (CPRD 
Aurum) was used to identify individuals with type 2 diabetes initiating 
SGLT2-inhibitor [SGLT2i] (n=40,323) and DPP4-inhibitor [DPP4i] 
therapies (n=69,164) in routine care over 2014-2021. 98.1% of indi-
viduals had recorded ethnicity, supporting classification into major UK 
groups: White (n=77,329 [77.8%]), South Asian (n=13,606 [13.7%]), 
Black (n=4,189 [4.2%]), Mixed/Other (n=2,363 [2.4%]). Model pre-
dicted differential treatment effects on the two therapies for 6-month 
outcomes of glycaemic response (change from baseline in HbA1c), 
weight change, and early discontinuation were estimated for each indi-
vidual based on routine clinical parameters (baseline HbA1c, eGFR, 
BMI, age and ALT). Calibration-in-the-large (updating of model inter-
cepts representing average treatment effects, with no updating of predic-
tor effects) was performed to optimise model performance for non-white 
groups. Performance accuracy was assessed by comparing predicted 
differential treatment effects to observed differential treatment effects.
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Results: SGLT2i were the predicted optimal therapy for 79.9% of 
White individuals, 73.1% of South Asian individuals, 63.1% of Black 
individuals, and 71.1% of Mixed or Other individuals. Predicted 
treatment effects were well calibrated for all ethnicity groups (Fig-
ure 1). Individuals of all ethnicities predicted to have a ≥5mmol/mol 
benefit with SGLT2i over DPP4i had consistently observed benefits 
with SGLT27i (White 7.3 [95%CI 6.9-7.6] mmol/mol, South Asian 
7.8 [95%CI 6.6-9.1], Black 4.5 [95%CI 0.1-8.8] mmol/mol, Mixed/
Other 9.2 [95%CI 5.9-12.5] mmol/mol). There was consistently greater 
weight loss with SGLT2i than DPP4i for all ethnicity groups. For all 
ethnicities, short-term discontinuation was consistently highest in indi-
viduals predicted to have a glycaemic benefit with DPP4i but who in 
practice received SGLT2i.
Conclusion: A treatment selection model for SGLT2-inhibitor and DPP4-
inhibitor therapies is accurate for all major UK ethnicity groups. Simple 
recalibration is beneficial to optimise performance and this is recom-
mended prior to deployment of the model in novel settings. Type 2 diabetes 
treatment selection based on routine clinical features provides a low-cost 
and equitable precision medicine approach with worldwide applicability.

Supported by: EFSD Rising Star Fellowship Programme, UK Medical 
Research Council (MR/N00633X/1), and supported by the National 
I, NNF Precision Diabetes Medicine
Disclosure: J.M. Dennis: None.

868
Depression is associated with lower adherence to antihypertensive 
and lipid-lowering treatment in individuals with type 1 diabetes
R. Lithovius1,2, S.  Mutter1,2, E.B.  Parente1,2, V.  Harjutsalo1,2, P.-H. 
 Groop1,2;
1Folkhälsan Institute of Genetics, Helsinki, Finland, 2Department of 
Nephrology, University of Helsinki and Helsinki University Hospital, 
Helsinki, Finland.

Background and aims: For optimal pharmacological interventions pre-
venting cardiovascular disease (CVD), it is important to recognize factors, 

which may jeopardize adherence to medication. While previous studies 
have shown that depression is associated with poor glycemic control, 
kidney disease and CVD in individuals with type 1 diabetes, the data are 
limited whether depression affects adherence to concomitant antihyper-
tensive and lipid-lowering treatment in individuals with type 1 diabetes.
Materials and methods: This Finnish Diabetic Nephropathy Study 
included 1,560 adults with type 1 diabetes (mean age 42.5 ± 10.9 
years, mean duration of diabetes 26.9 ± 10.7 years, 56% men), who 
had purchased antihypertensive or lipid-lowering drugs within half a 
year before or after the baseline visit and had at least two purchases dur-
ing more than one-year of follow-up. They were followed from baseline 
until their first ever CVD event, death, or end of 2015 (median follow-
up 12.9 [7.9 - 15.6] years). Overall refill adherence to antihypertensive 
and lipid-lowering treatment was calculated based on the proportion of 
the days covered (PDC) method. The adherence rate was classified into 
good (> 80%), intermediate (50 - 80%) and poor (< 50%). Participants 
were considered to have depression, if they have a depression diagnosis 
(ICD-codes F32, F33, F341) or based on the Drug Prescription Register, 
had purchased antidepressant medications (ATC-codes N06A, N06CA) 
during the follow-up. Multinomial logistic regression analysis, adjusted 
for age, sex, duration of diabetes, education level,  HbA1c, BMI, diabetic 
kidney disease, smoking, and alcohol consumption was performed.
Results: The prevalence of depression was 34.5% (n=538). Among 
those individuals with depression, 30% had good, 58% intermedi-
ate and 12% poor adherence to concomitant antihypertensive and 
lipid-lowering treatment. In individuals without depression, the cor-
responding numbers were 36%, 56% and 8%, respectively. Using the 
good adherence as the reference group, individuals with depression 
were more likely to have poor adherence (OR 2.35 [1.49, 3.70], 
p=0.0002) and intermediate adherence (1.32 [1.01, 1.71], p = 0.04).
Conclusion: Adults with type 1 diabetes and depression are more 
likely to have lower adherence to prescribed antihypertensive and 
lipid-lowering treatment than those without depression. Therefore, 
healthcare professionals should screen for the presence of depression 
as well as medication adherence during consultations. Overall, bet-
ter strategies that improve adherence to prescribed medications may 
ultimately lead to better CVD outcomes in individuals with type 1 
diabetes.
Supported by: Finnish Diabetes Research Foundation
Disclosure: R. Lithovius: Grants; Finnish Diabetes Research 
Foundation.

869
Diabetes distress and depression frequently co-exist in people 
with type 2 diabetes in Bangladesh
J.A. Marathe1,2, M.  Kamruzzaman3,4, R.J.  Jalleh1,4, M.  Horowitz1,4, 
K.L.  Jones1,4, C.S.  Marathe1,4;
1Adelaide Medical School, University of Adelaide, Adelaide, Aus-
tralia, 2Royal Adelaide Hospital, Adelaide, Australia, 3Department of 
Applied Nutrition and Food Technology, Islamic University, Kushtia, 
Bangladesh, 4Centre of Research Excellence in Translating Nutri-
tional Science to Good Health, University of Adelaide, Adelaide, 
Australia.

Background and aims: Diabetes distress (DD), which refers to the 
negative emotional experience that results from the challenges and 
demands of living with diabetes, is increasingly being recognized 
and is associated with poor glycemic control as well impaired quality 
of life. DD is distinct from depression, but there can be an overlap. 
Our study aimed to evaluate the prevalence of DD and depression in 
people with type 2 diabetes (T2D) in Bangladesh and to determine 
the extent of overlap.
Materials and methods: We analyzed data from 1,124 randomly 
selected adults with T2D (58.2% female, 41.8% male; mean age 
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51.3±12.6 years, BMI 24.8±3.6 kg/m2; duration of known diabe-
tes 7.0±6.8 years, mean HbA1c 82.2±30.3 mmol/mol [9.7±2.8%]) 
attending four specialized diabetes clinics in Bangladesh. Partici-
pants completed validated questionnaires for DD (DDS-17) (N=1124) 
and depression (PHQ-9) (N=1123). Demographic, anthropometric, 
and biochemical data were also collected. Results are presented as 
mean±standard deviation.
Results: 48.6% and 68.3% of participants reported DD and depres-
sion, respectively; 4.9% reported only DD, and 24.6% reported only 
depression. Accordingly, DD and depression co-existed in 44% of 
participants. DD (females 2.1±0.8 vs males 2.0±0.7, P<0.05), and 
depression (females 9.1±6.2 vs. males 7.2±5.3, P<0.0001) scores 
were higher in females. DD was more severe in those with co-existing 
depression than those with only DD (2.7±0.6 vs. 2.4±0.5, P<0.001). 
DD correlated positively with depression (R=0.63, P<0.0001), and 
the relationship tended to be stronger in females (R=0.66, P<0.0001) 
than males (R=0.57, P<0.0001). DD was weakly associated with age 
(R=0.17, P<0.0001), but not BMI (R=0.02, P>0.05), the duration of 
diabetes (R=0.06, P>0.05), fasting blood glucose (R=0.05, P>0.05) 
or HbA1c (R=0.09, P<0.05). Depression was weakly associated 
with age (R=0.26, P<0.0001), and the duration of diabetes (R=0.18, 
P<0.0001), but not BMI (R=0.02, P>0.05), fasting blood glucose 
(R=-0.01, P>0.05) or HbA1c (R=0.07, P<0.05).
Conclusion: In people with T2D in Bangladesh, DD and depression 
frequently coexist and are related. Further studies involving detailed 
and well-structured psychiatric interviews are warranted to identify 
and appropriately treat those with a major depressive disorder.
Disclosure: J.A. Marathe: None.

870
Clinical benefit of a diabetes management solution for HCPs: a 
cross sectional analysis across ES, UK, US and BR
N. Orive Milla1, D.  Radiceska2, H.  Koenig3;
1Roche Diabetes Care Spain, S.L.U, Sant Cugat del Vallès, Spain, 
2Roche Diabetes Care, Inc., Indianapolis, IN, USA, 3Roche Diabetes 
Care Deutschland GmbH, Mannheim, Germany.

Background and aims: Diabetes is a chronic, metabolic disease charac-
terized by elevated levels of blood glucose that lead over time to serious 
damage to different tissues. According to the IDF, in 2021 about 537 mil-
lion people had diabetes, the majority living in low-and middle-income 
countries. This number is expected to be 643 million by 2030 and 783 
million by 2045. More than 6.7 million deaths are attributed to diabetes 
every year and both the number of cases and the deaths attributed to it 
have been steadily increasing over the past decades. To better understand 
the impact of a diabetes management tool for healthcare professionals 
(HCPs) on improving healthcare, facilitate personalized care and uncover 
cultural differences in user needs, we conducted an investigation around 
the usability and benefits of the RocheDiabetes Care Platform across 4 
countries (US, UK, Brazil and Spain), targeting all HCPs included in its 
intended use. Deeping into the countries explored, 37 million people in 
the US have diabetes with a total annual cost of $327 billion. In Brazil, 
15.7 million people live with diabetes with an expenditure of $42.9 bil-
lion. In Spain, 5.1 million people has diabetes supposing a total of $15.5 
billion and the prevalence of this disease in the UK is 3.9 million with 
$23.4 billion healthcare expenditure.

Materials and methods: The approach to measure the impact of 
the benefits of the tool was based on a quantitative survey focusing 
on HCPs using the software, with a set of nine questions to cover all 
relevant features. This survey used the Likert Scale with values rang-
ing from 1 (I fully disagree) to 5 (I fully agree) and mean scores were 
compared to a neutral Likert scale value of 3 with the aim to prove 
superiority for each benefit. A random sample included 176 HCPs 
evenly distributed among the countries. The HCPs invited to answer 
the questionnaire included nurses, endocrinologists, diabetologists, 
general practitioners and diabetes educators. Thus, covering for the 
different levels of care.
Results: Results adjusted for multiple testing showed that the mean 
Likert score was significantly higher than the neutral score of three 
with p-values <0.0001 for all questions. The composite scoring of all 
the questions by country was above 4 being Brazil the highest one with 
4.42 ± 0.51 and US the lowest one with 4.02 ± 0.55 (mean ± SD). 
Deeper analysis on the data seems to indicate a difference in mean 
scores between the United States and Brazil in the statement “I can 
spend less time gathering data and more time with my patient”. More 
studies are needed to understand the reason for the disparity, although 
the results could be explained by the cultural and economic differ-
ences among those two countries where the distribution and access 
to healthcare by persons with diabetes and HCPs is variable. Finally, 
results do not seem to indicate notable differences between the medi-
cal backgrounds when it comes to the assessment of the advantages.
Conclusion: The quantitative survey proved superiority in the com-
posite mean scores for all the questions analyzed. This demonstrates 
that, in a more and more digitized medical environment, data analysis, 
visualization or pattern detection are a key component for treating 
persons with diabetes irrespective of culture and health care setting.
Disclosure: N. Orive Milla: None.
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SO 74 Clinical observations to improve 
the prediction and progression of diabetic 
kidney disease

871
Machine learning model for predicting worsening renal function 
using one-year time series data of urinary protein and eGFR in 
patients with type 2 diabetes
M. Watanabe1, S.  Meguro1, K.  Kimura2, M.  Furukoshi2, T.  Masuda2, 
M.  Enomoto2, H.  Itoh1;
1Keio University, School of Medicine, Tokyo, Japan, 2Asahi Kasei 
Corporation, Tokyo, Japan.

Background and aims: Diabetic kidney disease is the leading cause 
of end-stage renal disease in developing and developed countries. It 
would be very meaningful to predict worsening renal function at a time 
before the eGFR decreases when therapeutic intervention is useful.
Materials and methods: We developed a model for predicting wors-
ening renal function in patients with type 2 diabetes using machine 
learning techniques. The reference point was defined as the time when 
the eGFR fell below 60 mL/min/1.73  m2 for the first time, based on the 
medical information data of 2533 patients who visited our outpatient 
clinic from January 2003 to March 2015. The input period was defined 
as the period from the reference point to one year before the reference 
point, and the time series of various variables during the input period, 
such as eGFR, HbA1c, triglycerides, white blood cells, hematocrit 
(Ht), and urinary protein, were used as features for creating prediction 
models. The evaluation period was 3 years from the reference point, 
and the primary endpoint was defined as a 50% decrease in eGFR from 
the mean of the input period during the 3-year evaluation period from 
the reference point. Considering the number of patients who reached 
the primary endpoint, the optimal combination of up to four features 
was selected to maximize predictive performance. Half of the data 
was used as training data and half as validation data, and the analysis 
was repeated 10 times while replacing the data. The average AUC of 
the obtained validation data was compared as the performance of the 
machine learning model.
Results: Among the 2,533 patients, 1409 patients had the reference 
point and 31 patients had records for the input and evaluation periods 
and reached the primary endpoints, and 317 patients did not reach the 
primary endpoint. The mean eGFR during the input period was 67.8±8.4 
mL/min/1.73  m2 , the mean age was 65.2 ±10.1, 42.0% were female. The 
features related to urinary protein, eGFR, and Ht came at the top of the list 
for correlation coefficients with the primary endpoint. HbA1c was added 
to these, and a prediction model was developed by combining up to four 
features. The AUC was 0.66 when the only feature was the mean eGFR. 
The AUC was 0.76 for the model using baseline data of mean eGFR and 
mode of urinary protein, which corresponds to the heat map of CKD, and 
the AUC did not increase when the mean Ht, and mean HbA1c were added 
to the features. When the minimum value of eGFR, the maximum value of 
eGFR minus the minimum value, and the maximum and minimum values 
of urinary protein, which reflect the variable component of the created 
features, were included in the features, the AUC of the prediction model 
increased to 0.81.
Conclusion: Compared to models such as CKD heat map, in which 
patient status is evaluated by eGFR and urinary protein at a certain 
time point, the results showed that the accuracy of prognosis predic-
tion can be improved by taking into account the variable component 
of the created features of urinary protein and eGFR. The strength of 
this study is that it is able to predict a high probability of worsen-
ing renal function without including patients whose eGFR is already 
declining. This study will allow us to identify patients whose renal 
function is relatively preserved, likely to benefit clinically from 
immediate intensification of treatment.
Disclosure: M. Watanabe: None.
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Glucose variability and recognition of hypoglycaemia in patients 
with type 1 diabetes and different diabetic kidney disease pro-
gression rate
J. Janevica, A. Fedulovs, L. Kruzmane, O. Kucaja, J. Sokolovska;
University of Latvia, Riga, Latvia.

Background and aims: One of the major complications of type 1 
diabetes (T1D) is diabetic kidney disease (DKD). The aim was to 
evaluate the association between continuous glucose monitoring 
(CGM) indicators and DKD progression rate in T1D.
Materials and methods: Sample consists of 78 patients with T1D. Pro-
gression of DKD was defined as estimated glomerular filtration rate declin-
ing ≥ 3 ml/min/year or increasing albuminuria stage over the last 3-6 years. 
FreeStyle Libre ProiQ sensors were used for CGM. During the sensor 
wear, patients were asked to monitor their insulin dosing, carbohydrate 
consumption and capillary glucose levels to assess their compliance to dia-
betes self-monitoring during the study and recognition of hypoglycaemia. 
Compliance was classified into high, medium and low according to number 
of days during sensor wear with full records on diabetes management.
Results: Prevalence of DKD progression was 35,9% (n=28). Compliance to 
diabetes self-monitoring was high in 45 (60.81%) subjects, moderate in 14 
(18.94%) and low in 15 (20.27%) subjects. Mean recognized hypoglycaemia 
in the cohort was 50.60±32.06% of all hypoglycaemia cases registered in the 
sensor. 32 (43.24%) of study subjects detected hypoglycaemia in less than 
50% of the cases, while 22 subjects (29.73%) detected it between 50-70%, 
and 20 subjects (27.03%) detected it between 70-100%. Patients with over-
night hypoglycaemia irrespective of the DKD status had a higher mean 
coefficient of variance (CV) (p=0.001), but did not differ in hypoglycaemia 
recognition. There was a statistically significant correlation between the CV 
and hypoglycaemia events registered in the sensor (p<0.001). % of time in 
range (TIR) was lower in progressive DKD versus non-progressive DKD 
(43.00(29.75-55.50)% vs 56.00(37.00-70.00)%, p=0.03). In addition, sub-
jects with progressive DKD had higher average glucose median (10.50(8.82-
13.10) mmol/l vs 8.90(7.60-10.70) mmol/l, p=0.03), glucose management 
indicator (7.85(7.10-8.90) vs 7.10(6.60-7.90), p=0.03), % time above tar-
get (53.00(35.50-68.75)% vs 37.00(25.00-53.00, p=0.05), estimated A1C 
(8.20(7.20-9.90)% vs 7.20(6.30-8.40)%, p=0.02). Duration of low glucose 
events was longer in progressive DKD group: 117.50(87.25-171.75) min vs 
95.00(74.00-125.00), p=0.03. Finally, low glucose events were less frequent 
in progressive DKD at the significance level of 0.09 (6.00(4.00-14.00) events 
vs 11.00(6.00-17.00) events). However, DKD groups did not differ in CV, 
compliance level to diabetes self-monitoring, the frequency of overnight 
hypoglycaemia and recognition of hypoglycaemia.
Conclusion: Hypoglycaemia recognition was poor in most partici-
pants and overnight hypoglycaemia was related to higher CV. Patients 
with progressive DKD had lower TIR versus group with stable DKD 
mainly due to higher median glucose and despite comparable self-
monitoring. This might result from fear of hypoglycaemia and avoid-
ance of lower glucose values, as confirmed by longer but less frequent 
hypoglycaemia in progressive DKD vs stable DKD.
Supported by: Project Lzp-2020/1-0138 and Mikro Tik donation 
administrated by LU Foundation
Disclosure: J. Janevica: None.
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Genome wide association study of premorbid disease histories 
converging on chronic kidney disease in individuals with and 
without comorbid type 2 diabetes from the UK Biobank
M.J.S. Ennis1,2, P.  McClean1, P.  Shukla1, J. Sharman-Soares2, S. 
 Watterson1;
1Personalised Medicine Centre, School of Medicine, Ulster Uni-
versity, Derry/Londonderry, UK, 2Novo Nordisk Research Centre 
Oxford, Oxford, UK.
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Background and aims: Chronic kidney disease (CKD) affects 10% of 
adults. Diabetes is the leading cause of CKD and approximately one 
third of adults with type 2 diabetes mellitus (T2DM) go on to develop 
CKD. T2DM patients with CKD frequently experience adverse events 
and mortality is 10-fold higher for T2DM patients with CKD than 
without. The comorbidity burden experienced by patients with CKD is 
high and improvement of the health outcomes of individuals with CKD 
requires consideration of comorbidities. There is a clear need to improve 
phenotyping of interactions between CKD and comorbidities to identify 
and better treat patients with a high risk of hospitalisation and mortality.
Materials and methods: We analysed UK Biobank primary and 
secondary care diagnosis data for 207,406 patients, which includes 
the timing of each diagnosis, to assess the impact of the timing and 
order of comorbidity development. Cox models were used to identify 
comorbidities that increase the risk of CKD after T2DM diagnosis 
and this was compared to non-diabetic patients.
Results: We identified 18,805 participants with evidence of CKD stage 
3 and above. Of these, 4,184 (22.2%) had a diagnosis of T2DM and 
14,621 (77.8%) had no T2DM diagnosis before or after CKD diagnosis. 
We removed 1458 patients with evidence of T2DM development after 
CKD diagnosis from analysis, leaving 2,726 participants with premor-
bid T2DM at their CKD diagnosis. We identified 18 premorbid comor-
bidities that significantly increased the risk of CKD development in 
both T2DM and non-diabetic patients. These premorbid comorbidities 
were broad, affecting cardiometabolic, blood, eye, respiratory, digestive 
and sleep disorders. Genome-wide association studies (GWAS) were 
performed on each cohort with a premorbid comorbidity for CKD. We 
identified 59 SNPs conditionally associated (P-value < 5x10-8) with 
CKD in a number of previously unexplored disease contexts exhibit-
ing increased CKD risk including cataracts (2 SNPs), hypotension (1 
SNPs), pneumonia (2 SNPs), gastritis (2 SNPs), and peripheral vas-
cular disease (2 SNPs). We undertook validation by replicating the 
identified loci-CKD associations in the ~270,000 individuals of the UK 
Biobank initially excluded because only secondary care data was avail-
able. Loci associated with premorbid comorbidities were identified that 
may mediate their shared and unique genetic impact on CKD risk. The 
identification of non-cardiovascular-mediated genetic risk indicates that 
genetic interactions between CKD and comorbidities extend beyond 
traditionally associated diseases.
Conclusion: We identified genetic variants associated with CKD 
risk in previously unexplored premorbid disease contexts increasing 
risk of CKD development. This work provides a genetic foundation 
for the investigation of how comorbidities affect the development of 
CKD and could be used to discover potential biomarkers and/or drug 
targets for CKD.
Supported by: DfE CASE
Disclosure: M.J.S. Ennis: Employment/Consultancy; Dr Joanna 
Sharman-Soares is an employee of Novo Nordisk. Grants; This pro-
ject has been part funded by Novo Nordisk to Dr Paula McClean, Dr 
Priyank Shukla, and Dr Steven Watterson.
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Association of physical activity with incident chroninc kidney 
disease among cardiovascular metabolic disease: a prospective 
cohort study
H. Liu, X. Shao, P. Yu;
NHC Key Laboratory of Hormones and Development, Tianjin Key 
Laboratory of Metabolic Diseases, Chu Hs, Tianjin, China.

Background and aims: The cardiovascular metabolic disease (CMD) 
such as diabetes, dyslipidemia and hypertension can lead to CKD. With 
the decline of renal function, the patients with CKD are prone to car-
diovascular diseases. CMD and CKD have a common problem, lack of 

physical activity (PA). However, the relationship between PA and CKD 
in CMD patients is unclear. This study investigate the associations of 
PA and incident CKD among individuals with CMD in UKB.
Materials and methods: The information of PA was obtained from 
the International Physical Activity Questionnaire. The incidence of 
CKD was obtained through hospital data and Primary Care data. We 
used COX proportional risk model to estimate the association of PA 
volume/intensity/time/frequency/patternsand and incident CKD. Isoch-
ronous substitution model was used to estimate the effects of replacing 
LPA with MPA or VPA on risk of CKD. The association between PA 
and incident CKD was estimated with COX proportional risk model 
in different subgroups such as hypertension, diabetes, dyslipidemia, 
coronary heart disease, stroke. In the sensitivity analysis, participants 
who developed CKD within one year were excluded, and the relation-
ship between different dimensions of PA and CKD was analyzed again. 
Latent class analysis was used to identify the most appropriate treat-
ment mode for patients with CMD.
Results: 1. There were 224,269 of CMD participants with a follow-
up of 12.9 years, 10,142 patients developed CKD (4.5%). Compared 
with light PA, moderate to high PA reduce incident CKD by 13% and 
21%. The increased benefit of physical activity was more pronounced 
in those who were smokers, unemployed, eGFR>120ml/min/1.73m2 
and treated with insulin.2. Compared with L1, L3 increased the risk 
of incident CKD by 11%. Compared with M1, M2 and M3 reduced 
the risk by 14% and 12%, respectively. Compared with V1, V2 and 
V3 reduced the risk by 11% and11%, respectively. As the proportion 
of MPA increased, there is more protective effect on the people who 
used lipid lowering drugs and low-income. As the proportion of VPA 
increased, there is more protective effect on the people who were males 
and eGFR >120ml/min/1.73m2. 3. Replacing 60 minutes LPA with 
60 minutes VPA was associated with an 11% reduction in the risk of 
incident CKD. In diabetes patients, There were 13% and 15% reduction 
when replacing LPA with MPA or VPA, respectively.4. Compared with 
LT1, LT3 increased the risk of incident CKD by 12%. Compared with 
MT1, MT2, MT3 reduced the risk by 13% and 11%. Compared with 
VT1, VT2, VT3 reduced the risk by 12% and 9%. As the proportion of 
MPA duration increased, there is more protective effect on the people 
who used lipid lowering drugs and no smoking. As the proportion of 
VPA duration increased, there is more protective effect on the people 
who were male, 45-55years, eGFR>120ml/min/1.73m2 and smoking. 
5. MPA (3-5days/week or 6-7days/week) was associated with a 9% and 
7% reduction in the risk of CKD. VPA (3-5days/week) was associated 
with a 20% reduction. 6. Compared with light DIY, aerobic exercise 
reduce incident CKD by 20%. A minimum BIC was reached when 
there were four grouping categories. Compared with class1, the risk 
of class2, class3 and class4 developing CKD decreased by 23%, 26% 
and 18%, respectively.
Conclusion: MVPA can reduce incident CKD in CMD, The optimal 
model in cardiometabolic patients is VPA: 15-60minute/day or LPA: 
30-60minute/day, 3-5 day/ week.
Clinical Trial Registration Number: 11/NW/0382
Supported by: the key technologies R & D program of Tianjin 
No.21ZXGWSY00100, Tianjin Key Medical Discipline Construct 
Project No.TJYXZDXK-032A
Disclosure: H. Liu: None.
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Hemoglobin glycation index as a novel risk factor for incident 
chronic kidney disease
Y. Nakasone1, T.  Miyakoshi1, K.  Hirabayashi2, H.  Koike2, K. 
 Yamashita1, T.  Aizawa1;
1Diabetes Center, Aizawa Hospital, Matsumoto, Japan, 2Health 
Center, Aizawa Hospital, Matsumoto, Japan.
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Background and aims: Rapid expansion of the number of patients with 
chronic kidney disease (CKD) is a global concern. Treatment of estab-
lished CKD is rather difficult and reversibility of the diseased kidney 
to the normal state is questionable. Therefore, prevention of CKD is of 
paramount importance. However, it is also not an easy task because the 
sizable number of patients with CKD develop it with elevated plasma 
glucose and/or mild hypertension both of which are totally asympto-
matic at an early stage. Going over the historical data, reviews and recent 
developments related to this topic, we noticed that high hemoglobin 
glycation index (HGI) is reported to be a risk factor for CKD, in patients 
with diabetes and prediabetes. As an extension of such finding, we 
hypothesized that HGI is a risk factor for incident CKD in the general 
population. Therefore, the aim of this study was to evaluate impact of 
HGI as a risk factor for incident CKD in the general population.
Materials and methods: Two health examinees cohorts, Ina and 
Aizawa cohorts (n=2,580 and n=23,467, respectively), were retro-
spectively examined. In Ina cohort, which was unselectively recruited 
adults cohort, association between HGI and presence of CKD was 
analyzed cross-sectionally. In Aizawa cohort in which only CKD-
free subjects were enrolled, the relationship between the CKD-free 
time of participants and HGI was investigated by Cox proportional-
hazards model. In addition, correlation between basal HGI and yearly 
eGFR decline was examined by mixed model. CKD was defined as 
positive dipstick proteinuria and/or estimated glomerular filtration 
rate (eGFR) < 60 mL/min/1.73  m2.
Results: In Ina cohort, HGI was significantly, positively, associ-
ated with presence of CKD (P = 0.0002). In Aizawa cohort, Hazard 
Ratio (HR) of HbA1c for incident CKD was much lower than that 
of HGI both in univariate and bivariate analysis. In Aizawa cohort, 
CKD developed in 2,540 subjects during the mean of 5.1 years, and 
HGI was the second most robust risk factor for CKD following low 
eGFR, with adjustment for six covariates, multi-adjusted HR of 
HGI (95%CI) for CKD was 1.293 (1.238 to 1.349) (P < 0.0001). 
There was an interaction between HGI and eGFR and the binary 
stratification of the study subjects by basal eGFR revealed that the 
prediction was mostly taking place among those with lower eGFR 
(eGFR <77.4 ml/min/1.73  m2). Population attributable risk of HGI 
for CKD was 4.2%. Baseline HGI showed a significant, independ-
ent, inverse correlation with eGFR in Aizawa cohort with the coef-
ficient, -0.39 ml/min/1.73  m2/year (P < 0.0001).
Conclusion: HGI rather than HbA1c per se was a robust predic-
tor of incident CKD in an apparently healthy non-diabetic cohort. 
It is most likely that HGI is a major component of so called CKD 
of unknown etiology in the general population. HbA1c[measured 
- calculated from the group regression] is a robust predictor of inci-
dent CKD, among general population, in which CKD prediction 
unestablished.

Clinical Trial Registration Number: 2015005
Disclosure: Y. Nakasone: None.
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A patatin-like phospholipase domain-containing 3 gene variant 
associates with progressive kidney disease in diabetes endotypes
O.P. Zaharia, K. Strassburger, B. Knebel, Y. Kupriyanova, V. 
Schrauwen-Hinderling, J. Kotzka, H. Al-Hasani, K. Bódis, C. Möser, 
K. Prystupa, M. Bombrich, M. Schön, K. Jandeleit-Dahm, R. Wagner, 
M. Roden;
German Diabetes Center, Düsseldorf, Germany.

Background and aims: Recent studies identified distinct endotypes 
of diabetes with differences in metabolic features and risk for diabe-
tes-related complications. Of note, persons allocated to the severe 
insulin resistant diabetes (SIRD) endotype, who show increased prev-
alence of non-alcoholic fatty liver disease (NAFLD) and chronic kid-
ney disease (CKD), are also more frequently carriers of the G-allele 
in the single-nucleotide polymorphism (SNP) rs738409 in the patatin-
like phospholipase domain containing 3 (PNPLA3) gene. This SNP 
associates with increased risk of NAFLD progression yet its associa-
tion with CKD remains controversial.
Materials and methods: The present study examined whether this 
SNP differently associates with CKD in endotypes of recent-onset 
diabetes. Participants with recently diagnosed diabetes (n=707) from 
the prospective German Diabetes Study (GDS) underwent k-means 
clustering, genotyping, magnetic resonance spectroscopy to measure 
hepatocellular lipid content (HCL) and laboratory analyses including 
calculation of glomerular filtration rates (eGFR).
Results: SIRD had the lowest eGFR and highest HCL compared 
to severe insulin deficient, moderate obesity-related, moderate age-
related and severe autoimmune diabetes clusters (all p<0.05). HCL 
was negatively associated with eGFR (r=-0.287, p<0.01) across all 
groups. Further stratification by PNPLA3 G-allele carrier status did 
not reveal any association between HCL and eGFR in any of the dia-
betes endotypes, irrespective of G-allele carrier status. However, with 
declining eGFR the proportion of G-allele carriers increased from 
44% for eGFR >60 ml/min to 52% for eGFR <60 ml/min (p<0.05).
Conclusion: Increased hepatic lipid content is associated with reduced 
kidney function across all diabetes endotypes. This association is inde-
pendent of the presence of the PNPLA3 polymorphism in recent-onset 
diabetes, but there might be role for PNPLA3 in the progression of CKD.
Clinical Trial Registration Number: NCT01055093
Supported by: BMBF, NRW-MKW, DFG, DDG, EFSD Rising Star 
Programme
Disclosure: O.P. Zaharia: None.
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Exploring the relationship between baseline eGFR and composite 
renal event rate: a meta-analysis of type 2 diabetes outcome trials
Y. Du, A. Curtis, F.T. Botros, Z. Milicevic, M.C. Bunck, I. Turfanda;
Eli Lilly and Company, Indianapolis, IN, USA.

Background and aims: Type 2 diabetes mellitus (T2D) is one of 
the major causes of chronic kidney disease (CKD). Estimated glo-
merular filtration rate (eGFR) is an established measure of kidney 
function in clinical trials and in practice. However, the relationship 
between mean baseline eGFR and composite renal events remains 
unclear. Further understanding of this relationship may help identify 
high-risk patients and inform treatment strategies to prevent CKD 
progression in T2D. In addition, this knowledge may inform decisions 
when designing future clinical trials. We performed a meta-analysis 
to explore the relationship between mean baseline eGFR and compos-
ite renal event rate using data from T2D outcome and Phase 3 trials.
Materials and methods: Data from participants with CKD or cardio-
vascular disease (CVD) were included. For trials including participants 
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with and without T2D, only data from the T2D population were used to 
investigate the relationship between baseline eGFR and the composite 
renal event rate. Only participants on the placebo arm were included 
in the analysis to understand the prognostic effects of eGFR measured 
at baseline. Composite renal events included at least 50% decline in 
eGFR, end-stage renal disease, and renal death. The mean baseline 
eGFR in mL/min/1.73m2 (calculated using serum creatinine), was 
used as an explanatory variable, while the composite renal event rate 
per 100 person-years for the same study was regarded as the response 
variable. A linear meta-regression model was implemented to quantify 
the relationship. The coefficient characterizing the linear relationship 
between the mean baseline eGFR and the composite renal event rate 
was estimated. Adjusted R-Squared value was also estimated.
Results: Data from 39627 participants in 15 outcome and Phase 3 
trials were included. Results of the meta-analysis are presented in the 
Figure. Overall, the data trend was approximated well by a linear rela-
tionship between the mean baseline eGFR and the composite renal 
event rate, consistent with the observed data. A lower mean baseline 
eGFR was associated with a higher composite renal event rate. It was 
estimated that, on average, a decrease of 5 units in eGFR at baseline 
would increase the event rate by 0.64% per person-year (p<0.0001). 
Adjusted R-Squared value was estimated at 71%, indicating that 71% 
of the variation in the composite renal event rate could possibly be 
explained by the change in baseline eGFR.
Conclusion: In this meta-analysis, a lower mean baseline eGFR was 
associated with a higher composite renal event rate in people with 
T2D and CKD/CVD. However, some of the percentage of variation 
in the event rate in this analysis might be explained by other factors 
and warrants further investigation.

Supported by: Funding for this research was provided by Eli Lilly 
and Company
Disclosure: Y. Du: Employment/Consultancy; Eli Lilly and Company.
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Cardiorenal outcomes among people with diabetes and chronic 
kidney disease in the French CKD-REIN cohort: influence of the 
achievement of therapeutic goals at baseline
F. Bonnet1,2, B.  Balkau2, Y.  Diawara2, M.  Metzger2, N. Alencar de 
 Pinho2, D.  Fouque3, B.  Stengel2;
1CHU de Rennes, Rennes, France, 2Inserm, Villejuif, France, 3Dept 
of Nephrology, University of Lyon, Lyon, France.

Background and aims: The risk of cardiorenal events remains high among 
diabetic patients with chronic kidney diseases (CKD) despite use of recom-
mended treatments. We study whether the achievement of a combination 
of therapeutic goals at baseline (urinary albumin creatinine ratio (UACR) 
<300 mg/g, HbA1c <7.0 %, blood pressure <130/80 mmHg, renin-angio-
tensin system inhibition) is protective of cardiorenal outcomes and all-cause 
mortality in people with diabetes and chronic kidney disease (CKD).
Materials and methods: CKD-REIN is a 5-year cohort prospective 
study of 3033 French adults with stages 3-5 CKD, recruited with a 
national representation. We studied the 1260 people (31% women) with 
diabetes: mean age 70 ± 10 years, mean eGFR 33 ± 11 ml/min/1.73  m2 
and a median 4-year follow-up. Incident cardiorenal outcomes, defined 
by end stage renal disease (ESRD) or MACE 4 (cardiovascular death, 
myocardial infarction, stroke, hospitalization for heart failure) and total 
mortality were studied using Cox regression models.
Results: Cardiorenal outcomes were inversely associated with the 
number of therapeutic goals achieved at baseline: 35, 18, 12 and 8.7 
per 100 person years for zero, 1, 2 and ≥3 criteria respectively. UACR 
<300 mg/g was the criteria the most strongly associated with improved 
prognosis. Hazard ratios (95% CI) after adjustment for eGFR and other 
confounding factors were: In the subgroup with elevated albuminuria 
(>300 mg/g), achievement of at least 2 of the other 3 goals was also 
associated with improved prognosis, compared to those who had none.
Conclusion: People with diabetes and CKD stages 3-5 who achieved 
two or more therapeutic goals have improved cardiorenal outcomes 
and mortality, even in presence of elevated albuminuria.

Disclosure: F. Bonnet: None.
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Platelet aggregation and aspirin response in type 1 diabetes with 
and without albuminuria
C.G. Poulsen1, L.F. Ferreira-Divino1, O.B.  Pedersen2, V. Rotbain 
 Curovic1, T.W.  Hansen1, M. Frimodt-Møller1, A.-M.  Hvas3, P.  Rossing1,4;
1Complications Research, Steno Diabetes Center Copenhagen, Herlev, 
Denmark, 2Department of Clinical Biochemistry, Aarhus University 
Hospital, Aarhus, Denmark, 3Faculty of Health, Aarhus University, 
Aarhus, Denmark, 4University of Copenhagen, Copenhagen, Denmark.

Background and aims: Individuals with type 1 diabetes (T1D), and 
especially with concurrent kidney complications, have increased 
risk of cardiovascular disease and premature mortality. Platelets are 
essential in the development of arterial thrombotic events and platelet 
inhibition with aspirin is considered a cornerstone in the preven-
tive treatment. Our primary aim was to investigate the association 
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between platelet aggregation and albuminuria in T1D and subse-
quently examine the response to aspirin treatment in T1D with and 
without albuminuria.
Materials and methods: The study included 291 participants with T1D 
and 60 healthy controls. Participants with T1D were stratified accord-
ing to urine albumin creatinine ratio in normal albuminuria (<30 mg/g), 
moderately increased albuminuria (30-299 mg/g), or severely increased 
albuminuria (≥300 mg/g). Platelet aggregation was analyzed with imped-
ance aggregometry in whole blood employing arachidonic acid, adenosine 
diphosphate (ADP) and thrombin receptor activating peptide-6 (TRAP) as 
agonists. Platelet aggregation was measured at baseline, and after treatment 
with aspirin 75 mg once daily for seven days. Individuals with concurrent 
aspirin treatment underwent a 14-day aspirin washout prior to baseline. 
One-way analysis of variance was applied for comparison across healthy 
controls and albuminuria groups. Linear regression was applied comparing 
all groups (T1D and albuminuria groups) to healthy controls as reference. 
Adjustment included age, sex, smoking status and platelet count.
Results: Of the participants with T1D, 110 (38%) had normal albuminuria, 
124 (43%) moderately - and 57 (20%) severely increased albuminuria. 
Mean ± SD age of the total population was 56 ± 14 years and 196 (56%) 
were male. All groups were similar according to age and sex distribution. 
The arachidonic acid induced platelet aggregation, given in mean ± SD, 
for healthy controls were 915 ± 196 AU*min, normal albuminuria 996 ± 
188 AU*min, moderately increased albuminuria 995 ± 240 AU*min and 
severely increased albuminuria 1084 ± 195 AU*min. We found signifi-
cant associations between increasing albuminuria group and higher platelet 
aggregation for all three agonists (p for trend < 0.001) in both unadjusted 
and adjusted analyses. Compared to healthy controls, individuals with T1D 
had higher platelet aggregation at baseline for all three agonists in the 
unadjusted analysis (p ≤ 0.001). These associations persisted for ADP and 
TRAP after adjustment (p≤0.004), but not for arachidonic acid (p=0.12). 
Aspirin treatment lowered arachidonic acid induced platelet aggregation 
with a median (IQR) of 71 (60-79) % in the total population. The effect of 
aspirin treatment was similar in healthy controls compared to any of the 
groups (p>0.06). ADP- and TRAP-induced platelet aggregation remained 
unchanged after aspirin treatment.
Conclusion: Individuals with T1D had significantly higher platelet 
aggregation than healthy controls and higher albuminuria group was 
associated with higher platelet aggregation. All groups responded 
equally to aspirin treatment, regardless of T1D or albuminuria.
Clinical Trial Registration Number: EudraCT no: 2019-004772-19
Disclosure: C.G. Poulsen: None.
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Improved prediction of long-term kidney outcomes in people 
with type 2 diabetes by levels of circulating hematopoietic stem/
progenitor cells
G. Fadini, B. Bonora, M. Morieri, M. Marassi, R. Cappellari, A. 
Avogaro;
University of Padova, Padova, Italy.

Background and aims: Since available treatments can delay the pro-
gression of kidney disease in diabetes, identifying patients who will 
develop chronic kidney disease is clinically-relevant. Here, we exam-
ined whether prediction of long-term kidney outcomes in patients 
with type 2 diabetes (T2D) can be improved by measuring circulating 
hematopoietic stem/progenitor cells (HSPCs). HSPCs are typically 
reduced in diabetes, are associated with cardiovascular risk, and can 
potentially be involved in renal homeostasis.
Materials and methods: We selected patients with T2D who had 
a baseline determination of circulating  CD34+ HSPCs and were 
divided in two equal groups based on their median value per ml of 
blood. We collected updated data on eGFR and albuminuria up to 
December 2022. The primary endpoint was a composite of new-onset 

macroalbuminuria, sustained >40% eGFR decline, end-stage kidney 
disease, or death from any cause. The analyses were adjusted for 
known predictors of kidney disease in the T2D population, derived 
from the CKD Prognosis Consortium score.
Results: We included 342 patients (67.8% men) with a mean age of 
65.6 years. Those with low HSPCs (n=171) were significantly older, 
had a greater prevalence of hypertension, heart failure, and nephropa-
thy (45.0% versus 33.9%; p=0.036), evidenced by lower eGFR and 
higher albuminuria at baseline. During a median follow-up of 6.7 years, 
patients with high versus low HSPCs had lower rates of the composite 
renal endpoint (adjusted HR 0.69; 95% C.I. 0.49-0.97), slower decline of 
eGFR and a similar increase in albuminuria. Adding the high/low HSPC 
information to the renal risk score of the CKD Prognosis Consortium 
significantly improved discrimination of patients with future adverse 
kidney outcomes.
Conclusion: HSPC levels predict worsening of kidney function and 
improve the identification of patients with adverse kidney outcomes 
over and beyond a clinical risk score. Mechanistically, HSPCs may be 
involved in the protection against the loss of kidney function.
Supported by: University of Padova
Disclosure: G. Fadini: None.

881
Clinical profile and kidney function of SGLT2i and GLP-1RA 
new users with CKD and type 2 diabetes in Denmark: a nation-
wide population-based study part of the FOUNTAIN platform
R.W. Thomsen1, I.T.  Andersen1, F.P.B.  Kristensen1, P.V.  Munch1, 
M. Pladevall-Vila2, C.  Johannes3, N. Saigi-Morgui2, R.  Ziemiecki4, 
J.  Layton4, D.  Vizcaya5, A.  Gay6, A.  Farjat7, F.  Liu8, N.  Oberprieler9, 
C.F.  Christiansen1;
1Department of Clinical Epidemiology, Aarhus University and Aarhus 
University Hospital, Aarhus, Denmark, 2Research Triangle Institute 
(RTI) - Health Solutions, Barcelona, Spain, 3Research Triangle Insti-
tute (RTI) - Health Solutions, Waltham, MA, USA, 4Research Tri-
angle Institute (RTI) - Health Solutions, Durham, NC, USA, 5Bayer, 
Sant Joan Despí, Spain, 6Bayer AG, Berlin, Germany, 7Bayer, Read-
ing, UK, 8Bayer AG, Wuppertal, Germany, 9Bayer, Oslo, Norway.

Background and aims: The clinical landscape for the treatment 
of patients with chronic kidney disease (CKD) and type 2 diabetes 
(T2D) is rapidly evolving. We aimed to characterize patients with 
CKD and T2D who initiated an SGLT2i or a GLP-1RA in a Danish 
real-world clinical care setting.
Materials and methods: We ascertained individual-level data on all 
biochemical laboratory tests performed in primary care or hospitals for 
the entire population of Denmark during 2012 to 2021, using linked 
healthcare databases. We identified individuals with both CKD and 
T2D by a combination of laboratory values, hospital diagnosis codes, 
and prescriptions for glucose-lowering drugs. CKD was defined as 
either an estimated glomerular filtration rate (eGFR) <60 mL/min/1.73 
m2 or a urinary albumin-to-creatinine ratio (UACR) ≥ 30 mg/g (using 
a second confirmed measurement within 90 to 540 days), or a CKD 
diagnosis code. Among these individuals, we assessed new users of 
SGLT2i and GLP-1RA, and examined their baseline characteristics, 
including their eGFR and UACR at drug initiation.
Results: We identified 21,739 new users of SGLT2i and 18,929 new 
users of GLP-1RA. The two cohorts had remarkably similar age (median 
68 years), diabetes duration (median 11 years), and time since first record 
of CKD (median 3 years). The SGLT2i cohort had slightly more heart 
failure and coronary heart disease than the GLP-1RA cohort (9% vs. 
5% and 9% vs. 7%). Only 1% in both cohorts had no available eGFR 
measurement within the last year. SGLT2i initiators had a median (IQR) 
eGFR of 77 (57,97) with 29% at CKD stage 3 or higher, whereas GLP-
1RA initiators had a lower median eGFR of 69 (50,96), with 39% at CKD 
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stage 3 or higher. UACR was missing for 19% in both drug groups, and 
those with no available UACR tended to be older, had more comorbid-
ity, lower eGFR and less intensive diabetes therapy. UACR levels were 
similar in the two cohorts: SGLT2i initiators, UACR median (IQR) 61 
(24,179) with 57% at CKD UACR stage 2 or higher; GLP-1RA initia-
tors, UACR median (IQR) 56 (22,165), with 55% at UACR stage 2 or 
higher. Poor glycemic control (HbA1c >8 % / 63.9 mmol/mol, missing 
in 2%) was frequent in both initiators of SGLT2i (53%) and GLP-1RA 
(58%), with median (IQR) HbA1c of 65 (56,76) and 67 (58,79) mmol/
mol, respectively, and many patients used insulin therapy (31% and 39%).
Conclusion: Using unique Danish healthcare data, we have established a 
cohort of patients with T2D and CKD applicable for clinical research. We 
observed that initiators of SGLT2i and GLP-1RA shared many similarities 
both with respect to their T2D and CKD. Defining CKD by a combina-
tion of eGFR and UACR values yielded a population with a high burden 
of albuminuria. Current eGFR and UACR values at time of reno-protec-
tive glucose-lowering drug initiation may not reflect conditions of when 
patients were first classified as having CKD in healthcare databases.
Supported by: The present study was supported by a research grant 
from Boehringer Ingelheim to Aarhus University
Disclosure: R.W. Thomsen: Grants; Funded by a research collabora-
tion agreement between Research Triangle Institute, North Carolina, 
and Aarhus University, Denmark. The study is a part of the FOUN-
TAIN research platform funded by Bayer.

882
Need for newer pillars of therapy for reno-protection: pronounced 
eGFR slope improvement by SGLT2i and GLP-1RA in people with 
rapid eGFR decline
K. Kashima1, H.  Shimizu2;
1Kiryu Kosei General Hospital, Kiryu, Japan, 2Maebashi Hirosegawa 
Clinic, Maebashi, Japan.

Background and aims: Prevention of end stage renal disease (ESRD) 
is one of the priorities in the diabetes management. Especially in people 
with fast eGFR decline, once eGFR rapidly declines, it steadily pro-
gresses to ESRD in 2 to 10 years. Earlier detection and intervention are 
important. Since heterogeneity exists in individual eGFR declining rate 
and responsiveness to reno-protective therapy, changes in distribution of 
annual eGFR decline and reno-protective effects by GLP-1RA to SGLT2i 
were assessed in Japanese people with type 2 diabetes (T2D) with 
chronic kidney disease (CKD) by tracing individual eGFR trajectories.
Materials and methods: A total of 75 people with T2D with advanced CKD 
stage 3-4, treated by SGLT2i (empagliflozin 65% and others) were analyzed. 
The duration of diabetes at the time of recruitment (70.3±12.2 year-old) 
were as follows: stage 3a (n=29); 11.9±5.4 yrs, stage 3b (n=28); 19.9±12.1 
yrs, and stage 4 (n=18); 13.8±8.5 yrs. To trace the eGFR trajectory in each 
person, most rapid eGFR slope was calculated individually from the data 
for 46±20 months before using SGLT2i and 48±17 months after adding it. 
GLP-1RA was initially or additionally used in 53%. Observation period has 
extended from the previous study. GLP-1RA (liraglutide 93% and others) was 
used in 41%, 71% and 44% respectively based on individualized treatment.
Results: 1) In total, SGLT2i decreased eGFR from 46.1±14.1 to 
43.6±13.5ml/min/1.73m2 (P<0.001) at first month after initiation. 2) The 
baseline distribution of the most rapid eGFR declining rate was varied from 
-66.2 to +0.7mL/min/1.73m2/year. Slopes in the most serious rapid declin-
ers (defined as most rapid individual eGFR slope greater than -10.0ml/
min/1.73m2/y) (13/75) were remarkably improved from -18.9±16.4 to 
-1.3±3.2ml/min/1.73m2/year (P<0.01) by combined use of GLP-1RA in 
85% (11/13). On the background characteristics, these rapid decliners had 
macro-albuminuria in 69% (9/13) and nephrosis in 54% (7/13). In one female 
person with nephrosis, eGFR slope was improved from -39.0 to -3.8mL/
min/1.73m2/y after adding liraglutide 0.9mg, then after adding empagliflo-
zin 10mg to +0.52 mL/min/1.73m2/y for next 62months. 3) Sub-divided 

into non-responder and responder (responder: defined as slope are atten-
uated vs baseline), the rate of responders in each stage were as follows: 
stage 3a; (21/29), stage 3b; (22/28), stage 4; (16/18). Slopes in responders 
(59/75) were improved as follows, -7.7±9.8 to -0.9±2.9 mL/min/1.73m2/
year (P<0.001), combined with GLP-1RA in 52.5%. Responders were 
more rapid eGFR decliners and highly had macro-albuminuria (52.5% 
vs 37.5%). Slopes in non-responders (16/75) were worsened as follows, 
-1.7±1.9 to -3.6±3.2mL/min/1.73m2/year (P<0.001), despite combined use 
of GLP-1RA in 56.3%. Although baseline eGFR declining rate was faster in 
responders, it was greatly improved by SGLT2i±GLP-1RA. As a result, the 
improvement of the distribution of eGFR decline was more pronounced in 
the fast decliners. 4) Slopes were improved in all stages, stage 3a: -4.1±3.7 to 
-1.1±3.2 (P<0.001) and stage 3b; -5.0±3.6 to -1.4±3.0 (P<0.001), and stage 
4; -12.4±16.3 to -2.1±3.5mL/min/1.73m2/year (P<0.01). The magnitude of 
improvement in eGFR decline was greater in stage 4.
Conclusion: It is important to assess individual eGFR trajectory for 
reno-protection. Newer pillars of therapy, GLP-1RA in addition to 
SGLT2i must be useful to prevent ESRD in people with diabetes with 
rapid eGFR decline.
Clinical Trial Registration Number: 4-K007
Disclosure: K. Kashima: None.

883
Effect of dapagliflozin on circulating biomarkers of extracellular 
matrix remodelling in type 2 diabetes with albuminuria: a ran-
domised clinical trial
V. Wasehuus1, V.R.  Curovic1, M.K.  Eickhoff1, A.L. Møller2, D.G.K. 
 Rasmussen2, F.  Genovese2, M. Frimodt-Møller1, T.W.  Hansen1, P. 
 Rossing1, F.  Persson1;
1Steno Diabetes Center Copenhagen, Herlev, Denmark, 2Nordic Bio-
science A/S, Herlev, Denmark.

Background and aims: To evaluate the effect of the sodium-glucose 
cotransporter 2 inhibitor dapagliflozin on extracellular matrix (ECM) 
remodeling biomarkers, associated with fibrosis, in serum of persons 
with type 2 diabetes (T2D) and albuminuria. We hypothesized that 
treatment with dapagliflozin would lower ECM markers in serum 
compared with placebo.
Materials and methods: Post-hoc analysis of a double-blind, randomized, 
controlled, crossover trial. Inclusion criteria were T2D with a urinary 
albumin-creatinine ratio (UACR) >30 mg/g and on stable treatment with 
a renin-angiotensin system inhibitor. Candidates with overt ischemic heart 
disease or an estimated glomerular filtration rate <45 ml/min/1.73m2 were 
excluded. Participants were randomized to receive daily dapagliflozin 10 
mg or matching placebo added to guideline-recommended treatment. Treat-
ment periods lasted 12 weeks after which crossover to the opposing treat-
ment occurred with no wash-out period. Outcome measures were levels of 
the ECM remodeling biomarkers PRO-C3, PRO-C6, reC1M, TUM, and 
C3M in serum, at end of treatment with dapagliflozin compared to end of 
treatment with placebo. All markers were log-transformed on the natural 
scale before analysis. Comparisons were performed using paired t-test.
Results: A total of 40 participants were randomized, with 36 complet-
ing the study. Of those who completed, 32 (89%) were men, base-
line mean (SD) age was 63.9 (8.3) years, diabetes duration was 15.9 
(4.7) years,  HbA1c was 73 (15) mmol/mol, and median (interquartile 
range) UACR was 154 (94, 329) mg/g. At baseline, PRO-C6 levels 
were median (IQR) 8.0 (6.2, 10.5) ng/mL. Levels after treatment with 
dapagliflozin and placebo were median (IQR) 10.3 (7.4, 13.7) ng/mL 
and 9.2 (7.3, 11.8) ng/mL, respectively. PRO-C6 levels were 9.27% 
(95% CI 0.06-19.34; p = 0.049) higher after treatment with dapagli-
flozin compared with placebo. All other investigated biomarkers were 
unaffected by treatment.
Conclusion: We demonstrated an increase in PRO-C6 after treatment 
with dapagliflozin, in individuals with T2D and albuminuria. Results 
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are surprising given previously shown anti-fibrotic effect of dapagli-
flozin with the present study’s relatively short treatment period limit-
ing interpretation. Further studies into the effect on urinary levels of 
the investigated biomarkers are planned.
Clinical Trial Registration Number: NCT02914691
Disclosure: V. Wasehuus: None.

884
Urinary Fetuin-A as a candidate biomarker for differentiation of 
diabetic kidney disease phenotypes in adults with type 2 diabetes
M. Giambalvo, D. Lucchesi, M. Capobianco, G. Mancini, G. Penno, 
S. Del Prato, M. Garofolo;
University of Pisa, Pisa, Italy.

Background and aims: Fetuin-A, a glycoprotein released by the 
liver, is associated with insulin resistance, and promotes inflamma-
tion. Increased urinary fetuin-A protein has been associated with 
impaired kidney function in T2D, but whether it is a general marker 
or a more specific one for identification of different CKD phenotypes 
(with and without albuminuria) is currently unknown.
Materials and methods: Among 256 T2D with DKD, phenotype was 
identified based on urinary albumin-to-creatinine ratio (UACR >30 
mg/g) and/or CKD-EPI2009  eGFRcreat (<60 ml/min/1.73  m2). Recruit-
ment was planned to obtain groups of the same size. Urinary excretion 
of fetuin-A was measured (DNLite-IVD103 ELISA) in first-morning 
urine samples and expressed as unique post translational modification 
(PTM) Fetuin-A quantity corrected by urinary creatinine (ng/mg Cr, 
uFCR). To meet the normal distribution assumption, the urinary Fetuin-
A to creatinine ratio was presented under ln-scale where appropriate.
Results: Among 256 subjects, 26.2% had No-DKD, 24.6% increased albu-
minuria only (Alb+), 24.2% non-albuminuric DKD (Alb-DKD) and 25.0% 
albuminuric DKD (Alb+DKD). uFCR (available for 251 subjects) corre-
lated with ACR (r=0.529, p<0.0001) and inversely with eGFR (r=-0.266, 
p<0.0001). Significant correlations were also found with diabetes duration 
(DD) (r=0.131, p=0.038), SBP (r=0.233, p<0.0001), HbA1c (r=0.199, 
p=0.002), HDL-cholesterol (r=-0.146, p=0.021), and fibrinogen (r=0.280, 
p<0.0001). uFCR significantly increased from normoalbuminuric subjects 
(n = 127; 6.83, IQR 3.14-17.59) to those with moderately increased albu-
minuria (n = 81; 13.00, 5.56-27.36, p=0.006), and those with severely 
increased albuminuria (n = 43; 94.71, 39.17-248.53, p<0.0001). Consist-
ently, uFCR increased from subjects with eGFR G1-G2 (n = 126; 9.93, 
IQR 3.63-21.96) to those with eGFR G3 (n = 117; 16.21, 4.74-54.14, 
p=0.023), and those with eGFR G4 (n = 8; 223.90, 158.30-442.99, 
p<0.0001). uFCR levels significantly differed according to phenotype 
(p<0.0001): No-DKD 6.80 (IQR 3.01-15.16; ref), Alb+ 13.37 (5.02-40.04, 
p=0.003), Alb-DKD 7.02 (3.37-19.40, p=0.865) and Alb+DKD 47.40 
(13.83-123.06, p<0.0001). On a logistic regression analysis, ln-uFCR was 
an independent covariate of ACR ≥30 mg/g (OR 1.84, 95%CI 1.49-2.26, 
p<0.0001) irrespective of age, sex, DD, BMI, HbA1c, hypertension, dys-
lipidemia, RAS-blockers and eGFR. Consistently, ln-uFCR was associated 
to eGFR <60 ml/min/1.73  m2 (OR 1.34, 95%CI 1.28-1.61, p=0.001) after 
adjustment for the same covariates and ACR instead of eGFR. After adjust-
ment, with No-DKD as reference, ln-uFCR was an independent covariate 
of Alb+ (OR 1.38, 95%CI 1.03-1.86, p=0.029) and Alb+DKD (2.97, 1.91-
4.64, p<0.0001), but not of Alb-DKD (p=0.433). Finally, Alb+ (OR 2.14, 
95%CI 0.99-4.63, p=0.054) and Alb+DKD (6.42, 2.77-14.88, p<0.0001), 
but not Alb-DKD (p=0.863), were independent covariates of uFCR levels 
above median.
Conclusion: Urinary PTM fetuin-A levels are increased to a larger 
extent in albuminuric CKD and independently associated with the 
albuminuric state in T2D. Therefore, uFCR may improve characteri-
zation of DKD phenotypes in type 2 diabetes.
Supported by: PRIN 2020 - Cod. 2020SH2ZZA
Disclosure: M. Giambalvo: None.
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Single-cell sequencing reveals the expression of immune-related 
genes in macrophages of diabetic nephropathy
X. Shao, H. Liu, P. Yu;
Tianjin Medical University, Tianjin, China.

Background and aims: Diabetic nephropathy (DN) is a major cause 
of impaired kidney function, proteinuria and renal replacement ther-
apy. Based on the scRNA sequencing data analysis of isolated glomer-
ular cells, we were able to better understand pathogenesis of DN. This 
study aims to identify specific cell types and marker genes in DN and 
explores cellular communication and potential therapeutic strategies.
Materials and methods: scRNA sequencing and Bulk RNA sequencing data 
were used for bioinformatics analysis to explore the inflammatory changes 
in DN. Additionally, we investigated statistically different specific gene sets 
between cell clusters using the "AUCell" function. With CellChat, each inter-
action pair is given a probability and its significance is calculated. To inves-
tigate the expression characteristics of glomeruli in DN patients, we merged 
data sets included 66 DN patients and 59 controls. We also explored key TFs 
associated with DEGs expression. WGCNA was applied to identify DEGs into 
multiple modules and merged with different colors. The biological diagnostic 
significance of immune hub genes for DN was analyzed by ROC curves.
Results: A total of 8 clusters were identified, and the proportion of 
macrophages was significantly higher in the DN group compared to the 
control group. Among all cell types, macrophages have the highest per-
centage of increase in DN tissues. IRGs scores were calculated, cells with 
higher scores are mostly macrophages, tubular cells, and other immune 
cells. In addition, we found significantly different specific gene sets were 
associated with inflammatory responses and complement pathways. 
Receptor-ligand pairs were identified, and co-stimulatory interactions 
between endothelial cells and macrophages were widely identified. SYK, 
ITGB2, FCER1G and VAV1 have been identified as novel immuno-
logical markers of DN with good predictive ability. Furthermore, the 
expression of the screened immune genes was validated in vitro/in vivo 
experiments, and were confirmed to be up regulated significantly in DN.
Conclusion: In conclusion, our study identified specific cell types and 
4 marker genes. SYK, ITGB2, FCER1G and VAV1 may be important 
pathophysiological factors. The present study extends our knowledge 
about immune homeostasis in DN and can be used to further investigate 
the pathophysiological processes.
Supported by: This study was funded by Tianjin Science and Technol-
ogy Major Special Project and Engineering Public Health Science and 
Technology Major Special Proje
Disclosure: X. Shao: None.

886
Glucose and fatty acid induced expression and nuclear distribu-
tion of mitochondrial ribosomal recycling factor GFM2 accom-
panied by impaired mitochondrial respiration
M. Zhang1, C.  Hogstrand2, M.  Afshan1;
1Department of Diabetes, King’s College London, London, UK, 
2Department of Analytical, Environmental and Forensic Sciences, 
King’s College London, London, UK.

Background and aims: GTP Dependent Ribosome Recycling Factor 
Mitochondrial 2 (GFM2) is a conserved gene involved in mitochon-
drial protein translation. GFM2 mutations associate with the onset 
of Leigh syndrome and result in impaired mitochondrial oxidative 
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phosphorylation. We recently detected that mRNA expression of renal 
GFM2 was co-regulated with Nop-7-associated 2 (NSA2), a riboso-
mal biogenesis factor which is also a potential biomarker of diabetic 
nephropathy (DN), in patients with chronic kidney disease (CKD) 
including DN (unpublished data). We hypothesized that the increased 
level of GFM2 mRNA in CKD could be a consequence of diabetes, 
which may cause downstream pathophysiology in diabetic kidney dam-
age. The aim of this work was to investigate the impact of diabetic 
conditions on GFM2 mRNA and protein expression and mitochondrial 
respiration in human renal cells.
Materials and methods: Human proximal renal tubular cell line (HK-
2) was cultured in normal glucose (NG=5mM glucose), high glucose 
(HG=20mM glucose), and HG with palmitic acid (PA=100nM Palmitic 
acid) and osmolarity controls for 2-8 days (N=3). Mitochondrial respi-
ration was measured using Aligent Mito Stress Assay (N= 12). GFM2 
mRNA was measured by real-time quantitative PCR. GFM2 (rabbit 
anti-GFM2 primary antibody and Alexa Fluor 488-conjugated goat 
anti-rabbit secondary antibody), mitochondria (MitoTracker staining) 
and nucleus (DAPI staining) was labelled using immunofluorescence 
and quantified using fluorescent density (N> 10 cells per condition).
Results: GFM2 mRNA increased 2-fold in HG compared to NG 
(p<0.001). A similar increase was seen in GFM2 protein, detected 
in both mitochondria and the nucleus, and showed a higher fluores-
cent density ratio between nuclear versus whole cell relative to NG 
(p<0.01). The addition of PA slightly reduced HG-induced mRNA 
level increase, but GFM2 protein levels increased (HG = 8.14*105, 
HG+PA = 1.03*106), and more GFM2 was localised to the nucleus 
and less in mitochondria (HG versus HG+PA, p<0.01). Compared 
to NG, HG significantly reduced the basal (p<0.0001) and maximal 
(p<0.0001) mitochondrial respiration in HK-2 cells and reduced the 
mitochondrial respiration reserve capacity to stress (p<0.0001). The 
addition of PA enhanced the mitochondrial respiration reduction.
Conclusion: Our data show that in HK-2, GFM2 transcription and 
translation are altered by glucose with and without fatty acid, accom-
panied by impaired mitochondrial respiration. GFM2 protein has not 
been previously found in the nucleus, we noted that its nuclear levels 
were higher in diabetic conditions suggesting that it may have another 
role as well as its known function in mitochondrial protein transla-
tion. Future work will investigate whether increased expression of 
GFM2 in diabetic renal samples could impact the protein synthesis in 
the mitochondrial respiration chain, thereby impairing mitochondrial 
respiration function.
Supported by: King’s - Chinese Scholarship Council
Disclosure: M. Zhang: None.

887
Rab27a promotes diabetic kidney disease progression by affecting 
m6A levels in renal tubular epithelial cells
D. Wenhui, X. Yaoming;
Southern Medical University, Guangzhou, China.

Background and aims: Injury to renal tubular epithelial cells plays 
an important role in the progression of diabetic kidney disease, and 
elevated Rab27a promotes the progression of DKD. At the same time, 
elevated m6A levels promote DKD progression by damaging podo-
cytes and glomerular endothelial cells. The aim of the present study 
was to investigate whether Rab27a could promote m6a levels and thus 
damage the renal tubular epithelial cells themselves.
Materials and methods: We used high-fat diet combined with STZ 
intervention in  Rab27aRTEC-/- mice and  Rab27actrl mice to construct a 
DKD model and examined the expression levels of m6A-related genes 
in the kidney cortex of the animal model. In vitro, 30 mmol/L glucose 
was used to interfere with HK2 cells, and the changes in m6a levels 
in HK2 cells were measured by HG intervention. Further we silenced 

Rab27a and silenced and overexpressed METTL14 in vitro to assay 
the total mRNA m6a levels and cellular fibrosis levels in HK2 cells.
Results: In animal models, we found that renal cortical METTL14 
mRNA levels appeared significantly elevated in DKD mice, while renal 
cortical METTL14 levels fell back after knockdown of Rab27a. In cellu-
lar experiments, we found that the m6A level of total RNA was elevated 
by HG intervention. Overexpression of METTL14 was able to signifi-
cantly increase the mRNA levels of fibrogenic factor FN and TGF-β1 in 
HK2 cells, and inhibition of METTL14 was able to effectively reduce 
the mRNA levels of FN, COL-1, and TGF-β1 in HK2 cells.
Conclusion: We found that METTL14 plays an important role 
in renal tubular epithelial cell injury in DKD and that elevated 
METTL14 may be associated with elevated Rab27a expression in 
renal tubular epithelial cells under the disease model.
Supported by: National Natural Science Foundation of China
Disclosure: D. Wenhui: None.
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Renal effects of a novel mitochondrial complex I modulator in 
a mouse model of type 2 diabetes
A. Aboolian1, A.  Romero1, J.  Jha2, M. Martin  Taboada1,3, A. 
 Cramer1, O. Dürrschmidt1, C.  Granata1, N.  Saatmann1, A.  Dai2, 
M.  Roden1,4, S.  Urner1, K. Jandeleit-Dahm1,2, J.  Meister1;
1Institute for Clinical Diabetology, German Diabetes Center, Leibniz 
Center for Diabetes Research at Heinrich Heine University, Düsseldorf, 
Germany, 2Department of Diabetes, Central Clinical School, Monash 
University, Melbourne, Victoria, Australia, 3Department of Basic 
Health Sciences, Rey Juan Carlos University, Madrid, Spain, 4Depart-
ment of Endocrinology and Diabetology, Medical Faculty, Heinrich 
Heine University and University Hospital, Düsseldorf, Germany.

Background and aims: Diabetic kidney disease (DKD) accounts for 
30-40% of end-stage renal disease. It is now appreciated that an imbal-
ance between the generation of reactive oxygen species (ROS) and the 
antioxidant defense mechanisms leading to oxidative stress plays a key 
role in DKD, resulting in inflammation and irreversible fibrosis. In this 
study, we aimed to investigate the in vivo effects of a novel mitochon-
drial complex I modulator (CIM) on DKD development in a mouse 
model of type 2 diabetes. Our initial in vitro data with human renal 
proximal tubular epithelial cells suggested that CIM treatment was able 
to reduce expression levels of oxidative stress (NOX4, NOX5, SOD2), 
inflammation (TNFA, IL1B), and fibrosis (COL4A1, CTGF) markers 
under high-glucose conditions and stimulation with TNF-α or TGF-β.
Materials and methods: We initiated a short-term in vivo pilot study 
and a 10-week DKD prevention study using db/db mice and db/+ 
mice as controls. In the short-term pilot study, 8-week-old db/db and 
db/+ mice were treated twice daily with two different doses of CIM 
(1 mg/kg or 10 mg/kg) via oral gavage. Metabolic parameters were 
assessed, and renal cortex was collected for expression analysis and 
high-resolution respirometry after one week of treatment. During 
the long-term DKD prevention study, 8-week-old db/db mice were 
randomized to two different doses of CIM given via regular chow (20 
mg/kg or 60 mg/kg chow). Mice were metabolically characterized at 
baseline and the end of the study, and plasma and urine samples were 
collected for renal function assessment. Kidneys were collected at the 
end of the study for ex vivo high-resolution respirometry, ROS detec-
tion, molecular analyses, and (immuno-)histological assessments.
Results: After one week of treatment (pilot study), ex vivo ROS genera-
tion was lower in the renal cortex of CIM-treated db/db mice than in 
vehicle-treated mice as assessed by an O2k-FluoRespirometer. Further-
more, expression of the NADPH-oxidase 4 in renal cortex was attenu-
ated by CIM treatment in the db/db mice (by 42%, p<0.05, one-way 
ANOVA). During the 10-week DKD prevention study, CIM treatment 
had no effect on body weight, body composition, food intake, and 
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glucose or insulin tolerance. CIM-treated db/db mice had lower fasting 
plasma insulin levels (by 36%, p<0.05, two-way ANOVA). There was no 
effect of CIM on collagen IV deposition, but glomerulosclerosis index 
(GSI, by 20%, p<0.01, one-way ANOVA) and macrophage infiltration 
(by 53%, p<0.05, one-way ANOVA) were increased in the kidneys of 
db/db mice treated with CIM. In contrast to the short-term study, ROS 
generation was not decreased following the 10-week treatment with CIM.
Conclusion: The novel complex I modulator (CIM) has renopro-
tective properties in vitro and during short-term in vivo treatment. 
However, long-term treatment of db/db mice did not attenuate renal 
ROS, GSI, Collagen IV, or macrophage infiltration.
Supported by: DZD 920608AP4
Disclosure: A. Aboolian: Non-financial support; CIM was provided 
by Boehringer Ingelheim.

889
Role of ND-13, a DJ-1/Nrf2 pathway activator, in the prevention 
of inflammasome activation in diabetic nephropathy
S. Cuevas1, M. Caballero-Herrero1, E.  Jumilla1, F.  Rosique2, L. Martinez-
Alarcon2, L.  Andujar2, C.  Molina1, A. Nuñez1, L.  Hurtado1, P.  Pelegrin1;
1BioMedical Research Institute of Murcia (IMIB/FFIS), Murcia, Spain, 
2Clinical University Hospital Virgen de la Arrixaca, Murcia, Spain.

Background and aims: Inflammasome is a crucial regulator of renal 
inflammation and a key factor in the pathogenesis of renal diseases. DJ-1 is 
a renal protein with antioxidant and anti-inflammatory properties with the 
capacity to prevent Nrf2 degradation. ND-13 is a peptide consisting of 13 
highly conserved aas from the DJ-1 sequence. In this study, we determined 
the capacity of ND-13/Nrf2 pathway to attenuate inflammasome activation.
Materials and methods: Mouse bone marrow macrophages (BMM) 
were treated with Bardoxolone, A Nrf2 inducer, and ND-13. Diabetes 
was induced in C57Bl/6 mice via injection of STZ and treated with 
ND-13. PBMCs were isolated from the blood of patients with diabetic 
nephropathy and controls and were plate and stimulated with LPS/
ATP and treated with ND-13 and MCC950.
Results: The IL-1β concentration in the medium of BMM increased 
by NLRP3 inflammasome stimulation by LPS/ATP, and decreased 
in macrophages pre-treated with Bardoxolone (65.07±26%, n=4, 
P<0.05) but not pre-treated with ND-13, however, in presence of 
 H2O2 (100nM), ND-13 significantly decreased IL-1β release after 
NLRP3 activation (88.6±1.2%, n=4, P<0.05). These data were con-
firmed by Bardoxolone and ND-13 concentration-response curve. 
Peritoneal macrophages from diabetic mice were obtained and plated. 
STZ treatment increased the IL-1β production compared with the 
control, suggesting that inflammasome may be activated in diabetes 
and ND-13 treatment normalized its activity. PBMCs isolated from 
the blood of patients were plate and stimulated with LPS/ATP, and 
patients with diabetic nephropathy presented a trend to increase IL-1β 
release compared to controls and diabetic individuals and ND-13 
could have a role in the prevention of inflammasome activation.
Conclusion: All these data point out that DJ-1/Nrf2 pathway stimula-
tion is a promising approach to decreasing immune cells inflamma-
some activation, and ND-13 could be a new approach to attenuate 
inflammation in renal diseases associated with diabetes.
Supported by: EXP. PI22/00129 co-funded by the European Union
Disclosure: S. Cuevas: None.

890
Mir-34a as a potential marker in diabetic kidney disease
S. Liu1, V.  Das2, W.  Ju3, V.  Nair3, L.  Goea4, D.  Delic5, F.  Burdet6, M. 
 Bitzer3, C. ’O’Connor3, R.G.  Nelson7, H.C.  Looker7, A.  Thorenz8, M. 
 Kretzler3, A.  Karihaloo9, T.  Huber1;

1III. Department of Medicine, UKE-Hamburg, Hamburg, Germany, 
2Novo Nordisk A/S, Malov, Denmark, 3Michigan Medicine, Ann 
Arbor, MI, USA, 4Precision Nephrology, Bayer AG, Wuppertal, Ger-
many, 5Boehringer Ingelheim Pharma GmbH & Co. KG, Biberach, 
Germany, 6SIB Swiss Institute of Bioinformatics, Vital-IT group, 
Lausanne, Switzerland, 7NIDDK, Phoenix, AZ, USA, 8Precision 
Medicine Markers, Bayer AG, Wuppertal, Germany, 9Novo Nordisk 
Research Center Seattle, Inc, Seattle, WA, USA.

Background and aims: Diabetic kidney disease (DKD) is the leading 
cause of end-stage renal disease. However, biomarkers of DKD progres-
sion and treatment responses are still lacking. Identification of novel 
biomarkers for DKD is particularly warranted. The type 2 diabetes mel-
litus BTBR ob/ob mice exhibit key features of early human DKD. Here, 
we used this mouse model to identify potential microRNA biomarkers 
for DKD. We established an integrative analysis to interrogate multi-
tissue data and identified miR-34a, a molecule regulator reported in 
various diseases, significantly regulated in mouse DKD. We overlapped 
miR-34a target genes between mouse and human DKD, and identified 
multiple conserved target genes that correlated with DKD progression.
Materials and methods: NanoString microRNA panel (n = 600) was 
used to profile over 100 samples from kidney and urine in this study. 
We used NACHO for quality control, quantification and limma for 
multivariable regression to identify microRNAs that associated with 
phenotypic differences. A support vector machines (SVMs)-based 
tool miRDB predicted functional mir34a-gene targets in mice and 
human. The conserved miR-34a target genes were further investigated 
in early and advance human DKD data.
Results: BTBR ob/ob mice (hereafter referred to as DKD mice) showed 
obvious glomerular hypertrophy and mesangial cell expansion from 
10 weeks of age. Differential expression analysis of microRNA panels 
revealed miR-34a as one of the strongest deregulated candidates, in 
both DKD kidney and urine samples. miRDB predicted target genes of 
miR-34a, overlapped to the differential expressed genes identified from 
the glomerular RNA sequencing data of advanced human DKD and 
DKD mice. 20 conserved target genes of miR-34a were significantly 
changed in the same direction of regulation in both human and mouse 
DKD (adj.p-value < 0.05) enriching for cell adhesion, hypoxia inducible 
factor (HIF)/vascular endothelial growth factor signalling. The miR-34a 
conserved target genes were further investigated in an early DKD cohort 
of which 9 target genes were significantly regulated in early human 
DKD. Additionally, multiple target genes correlated with renal function 
decline and diabetes duration, as well as morphometric phenotypes.
Conclusion: The expression level of miR-34a significantly dysregulated 
in both DKD mice kidney and urine samples. Multiple miR34-a target 
genes were significantly deregulated in early human DKD and correlated 
with clinical parameters and morphometric phenotypes of glomeruli. 
Multiple miR34a target genes significantly deregulated in mouse DKD 
were also significantly deregulated in progressed human DKD. Thus, 
miR34a is suggested as a potential biomarker for DKD progression.
Supported by: Innovative Medicines Initiative 2 Joint Undertaking 
under grant agreement No 115974
Disclosure: S. Liu: None.

891
Role of regenerating protein 1a in the progression of UACR in 
DKD patients
N. Huang1,2, X.  Wu1,2, S.  Chen1,2, X.  Zhu2,3, L.  Li2,3;
1School of Medicine, Southeast University, Nanjing, China, 2Endo-
crinology, Zhongda Hospital, Nanjing, China, 3Pancreatic Research 
Institute, Southeast University, Nanjing, China.

Background and aims: Regenerating protein 1a (Reg 1a) is a secre-
tory protein mostly produced by pancreas and elevates in pancreatic 
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diseases. Researches revealed that serum Reg 1a increased in T2DM 
patients with renal impairment and may reflect the occurrence of dia-
betic kidney disease (DKD). Few studies on the relationship between 
serum Reg 1a and urine albumin creatine ratio (UACR). The purpose 
was to explore the role of Reg 1a in the progression of UACR in 
DKD patients.
Materials and methods: DKD patients from endocrinology depart-
ment were incorporated. Serum Reg 1a and kidney injury molecule 1 
(KIM-1) were measured by ELISA tests. KIM-1 is a novel biomarker 
for DKD in recent years. Clinical informations such as age, FBG, 
BUN, Scr, UA, eGFR and UACR were collected. Non-parametric 
tests were performed for the group differences. Correlations between 
serum Reg 1a and other factors were presented by partial correla-
tion analysis. Multivariate logistic regression analysis was utilized to 
identify the independent risk factors for the UACR. The β-coefficients 
from multiple logistic regression were used to establish the models 
for reflect the progression of UACR. Draw the ROC curve to analyze 
the effectiveness of indicators in kidney impairment. Statistical analy-
sis were conducted by SPSS 20.0 and Med-Calc statistical.
Results: A total of 247 DKD patients were enrolled, includ-
ing Group-1 (UACR≤30mg/g,  n=63),  Group-2 (30mg/
g<UACR≤30mg/g, n=70) and Group-3 (UACR>300mg/g , 
n=114). Serum Reg 1a (17.83 vs 87.40 vs 109.07, ng/ml, P<0.001 
), serum KIM-1 (114.61 vs 146.30 vs 176.64, pg/ml, P<0.001) and 
Scr (83.00 vs 112.00 vs 175.00, umol/L, P<0.001) were elevated 
gradually from Group-1 to Group-3. The eGFR (88.86 vs 52.81 
vs 33.62, ml/min/1.73  m2, P<0.001) was descend from Group-1 
to Group-3. Serum reg 1a was negatively correlated with eGFR 
(r=-0.488, P<0.001) and positively associated with Scr (r=0.605, 
P<0.001), UA (r=0.205, P=0.005) and UACR (r=0.166, P=0.022) 
after controlling the confounding factors. In multiple logistic 
regression analysis, serum reg 1a (OR=1.010 [1.001, 1.019], 
P=0.030) and serum KIM-1 (OR=1.008 [1.002, 1.013], P=0.005) 
were independent risk factors to predict UACR>30mg/g, serum 
KIM-1(OR=1.006 [1.003, 1.009], P<0.001) and Scr (OR=1.004 
[1.002, 1.007], P=0.001) were independent risk factors to predict 
UACR>300mg/g. The meaningful factors in Model-1 to predict 
UACR>30mg/g were serum Reg 1a, serum KIM-1 and Scr. The 
biomarkers in Model-2 to predict UACR>300mg/g were serum 
KIM-1 and Scr. As a signal index to predict UACR>30mg/g, the 
serum reg 1a had the highest AUC compared with serum KIM-1 
and Scr (0.829 vs 0.757 vs 0.759), and the cut off value of serum 
Reg 1a was 38.32ng/ml (sensitivity 83.44%, specificity 75.00%, 
positive predictive value 92.25%, negative predictive value 
49.02%). The Model-1 had an AUC of 0.851, the cut off value was 
2.05 (sensitivity 83.44%, specificity 75.00%, positive predictive 
value 92.25%, negative predictive value 49.02%). In order to pre-
dict UACR>300mg/g, the AUC of serum Reg 1a, serum KIM-1, 
Scr and Model-2 were 0.683, 0.692, 0.706 and 0.783 separately.
Conclusion: The study provides clinical evidence that serum Reg 
1a positively associated with UACR in DKD patients. Serum Reg 1a 
may a meaningful biomarker for early appearance and progression of 
UACR, and a useful supplementary factor to evaluate kidney impair-
ment in DKD patients.
Clinical Trial Registration Number: 2022ZDSYLL204-P01
Supported by: National Natural Science Foundation of China 
(82000740, 82170845, 82200929)
Disclosure: N. Huang: None.
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Choriocapillaris perfusion correlates with retinal capillary 
perfusion in all three retinal plexuses in individuals with type 
2 diabetes
K.M. Gooding1,2, N.  Rolinska1,2, S.  Balma2, A. Forbes  Brown1, 
C.  Ball2, C.  Kelsall1, D.  Mawson1, K.  Aizawa1,2, A.  Govier2, M. 
 Gilchrist1, R.  Ling3, A.  Shore1,2;
1University of Exeter Medical School, Exeter, UK, 2NIHR Exeter 
Clinical Research Facility, Royal Devon University Healthcare NHS 
Foundation Trust, Exeter, UK, 3West of England Eye Unit, Royal 
Devon University Healthcare NHS Foundation Trust, Exeter, UK.

Background and aims: Reduced capillary perfusion are recognised 
hallmarks of diabetic microvascular damage, such as in the retina. In 
vivo choriocapillaris (CC) perfusion assessments are novel, and the 
relationship between the choroidal and retinal capillaries in type 2 
diabetes (T2DM) is unknown. This study aims to investigate correla-
tions between retinal and choroidal capillary perfusions in T2DM.
Materials and methods: Fifty patients with type 2 diabetes mel-
litus (T2DM) from the BEAt-DKD microvascular study and VIBE 
study were included in the study. An eye was randomly selected for 
each patient for optical coherence tomography angiography imaging. 
Developed ImageJ® macros assessed CC perfusion (CC flow void 
[FV] count, CC FV average area, and CC vessel perfusion density 
[CCVPD]) and retinal capillary perfusion [VPD], flow impairment 
zone [FIZ] count, and FIZ average size. Retinal capillary perfusion 
was calculated in the superficial, intermediate, and deep capillary plex-
uses (SVP, ICP, and DCP). Correlation (Pearson’s/ Spearman’s) were 
performed between markers of CC and retinal capillary perfusion.
Results: Mean CC FV count, CCVPD, and CC FV mean size were 
1358 (SD=432), 56.22 (5.52)%, and 0.0025(0.0011)mm2, respectively. 
Across three retinal plexuses, mean retinal capillary VPD ranged from 
27.38 (2.79)% to 34.84 (3.60)%, median FIZs counts from 6 (3, 10) to 
9 (5, 15), median average FIZ areas from 0.0287 (0.0246, 0.0325)mm2 
to 0.0339 (0.0259, 0.0441)mm2. In all plexuses, VPD was significantly 
positively correlated with CC FV count and CCVPD (correlation coef-
ficients between 0.266 and 0.508, p-values ≤ 0.043) and negatively 
with FV size in SVP and ICP. FIZ mean area correlated significantly 
negatively with CCVPD only in ICP. FIZ count correlated negatively 
and positively with CC FV count and FV mean size, respectively, in 
SVP and ICP. After body fat (%), HDL-cholesterol, and systolic blood 
pressure adjustment, all correlations between retinal capillary perfu-
sion and CCVPD remained significant. All plexuses followed the same 
direction of correlations with CC perfusion markers.
Conclusion: Generally, across the three plexuses, better retinal per-
fusion (higher VPD, VLD, FD) is associated with better CC perfu-
sion (more numerous but smaller CC FVs and higher CCVPD), even 
after adjusting for potential confounders (body fat, blood pressure, 
HDL-cholesterol). CC perfusion correlated most strongly with retinal 
perfusion in the ICP.
Clinical Trial Registration Number: NCT03716401
Supported by: Innovative Medicines Initiative 2 (BEAt-DKD consor-
tium) and Diabetes UK
Disclosure: K.M. Gooding: None.
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Effects of 32 weeks’ treatment with semaglutide, empagliflozin 
or the combination on retinal oxygenation, vessel diameter and 
central retinal thickness
S. Gullaksen1,2, L.V.  Hald1,2, S.S. Sørensen1,2, K.L.  Funck1, L. 
 Petersen3,2, T.  Bek3,2, E.  Laugesen1, P.L.  Poulsen1;
1Steno Diabetes Center, Aarhus University Hospital, Aarhus, Denmark, 
2Dept. of Clinical Medicine, Aarhus University, Aarhus, Denmark, 
3Dept. of Opthalmology, Aarhus University Hospital, Aarhus, Denmark.

Background and aims: In one study, semaglutide (a glucagon-like 
peptide 1 receptor agonist) has been associated with increased risk of 
retinopathy in persons with diabetes. Whether the observed association 
was due to glycemic lowering or drug effects per se are undetermined. 
We investigated potential effects of semaglutide, empagliflozin or the 
combination on retinal oxygenation, retinal vessel diameters or central 
retinal thickness as a precursor for diabetic retinopathy.
Materials and methods: This study was a prespecified, secondary outcome 
from a randomised, 32 weeks partly placebo controlled, partly open-label, 
clinical trial on the effects of semaglutide, empagliflozin or the combination 
on arterial stiffness and kidney oxygenation. A total of 120 participants with 
type 2 diabetes, established or high risk of cardiovascular disease and age 
≥50 years were randomised into four parallel groups (semaglutide, empa-
gliflozin the combination or placebo, n=30 in each group). At baseline, 
206 eyes had no retinopathy (grade 0), 24 eyes had mild non-proliferative 
diabetic retinopathy (NPDR) (grade 1), 2 eyes had moderate NPDR (grade 
2), and 2 eyes had proliferative diabetic retinopathy (grade 4). We primarily 
hypothesised that semaglutide would increase venular oxygenation.
Results: Neither semaglutide nor empagliflozin altered retinal oxy-
genation (figure 1) or retinal vessel diameters. Semaglutide slightly 
increased central retinal thickness with approximately 1 % (3.8 μm 
95%CI [0.9 ; 6.7]μm, p=0.009), but this was attenuated with adjust-
ment for HbA1c (1.7 μm 95%CI [-1.2 ; 4.7]μm, p=0.25). We found 
no changes in the empagliflozin or combination group.
Conclusion: Empagliflozin and semaglutide does not alter markers of 
retinal function. Semaglutide slightly increases central retinal thick-
ness. The change is likely not of clinical relevance.

Clinical Trial Registration Number: EUDRA-CT 2019-000781-38
Supported by: NNF, CDRF, DMARF
Disclosure: S. Gullaksen: Grants; Danish Medical Associations 
Research Foundation.

894
Evaluation of sitagliptin eye drops in TRPV2+/- rats, a non-dia-
betic model with diabetic retinopathy-like lesions
H. Ramos Abellán1, J.  Augustine2, B.M.  Karan2, C. Hernández1, 
A.W.  Stitt2, T.M.  Curtis2, R. Simó1;
1Diabetes and Metabolism Research Unit, Vall d’Hebron Research 
Institute (VHIR), Barcelona, Spain, 2Wellcome-Wolfson Institute For 
Experimental Medicine, Queen’s University Belfast, Belfast, UK.

Background and aims: The neurovascular unit (NVU) is a functional 
coupling between neurons, glial cells and blood vessels that integrates 
vascular flow with metabolic activity. Its impairment is an early event in 
the pathogenesis of diabetic retinopathy (DR), which participates in the 
neurodegeneration and the early microvascular dysfunction of the diabetic 
retina. The NVU is consequently an emergent therapeutic target for DR. 
Topical administration (eye drops) of sitagliptin, a dipeptidyl peptidase-4 
inhibitor (DPP-4i), showed beneficial effects against the main hallmarks of 
the NVU impairment in the db/db mouse, a diabetic model of DR. To con-
firm whether these results are transferable to different models and to further 
explore sitagliptin neuroprotective effects, the drug was tested in a new and 
promising non-diabetic model of DR, the heterozygous TRPV2 knockout 
rat (TRPV2+/-). This model displays impaired pressure autoregulation of 
blood flow in the retina, leading to lesions similar to those observed in DR.
Materials and methods: Male and female  TRPV2+/- rats, aged 12 
weeks, were topically treated twice per day for 2 weeks with sitagliptin 
(10 mg/mL) or PBS vehicle eye drops (15 μL/eye). TRPV2 WT (+/+) 
rats treated with vehicle served as controls. Body weight and blood 
glucose levels were monitored throughout the study. After 2 weeks of 
sitagliptin treatment, optical coherence tomography (OCT) and fundus 
imaging were performed. After euthanasia, RT-qPCR and immuno-
labelling assays were performed to evaluate the effects of sitagliptin 
treatment in neuronal, glial and vascular components of the retina.
Results: Topical administration of sitagliptin had no effect on body 
weight or blood glucose levels. Total retinal and photoreceptor layer 
thickness assessed by OCT was significantly reduced in vehicle-
treated TRPV2+/- rats, and sitagliptin eye drops conferred complete 
protection against this change (p<0.05). Upregulation of inflamma-
tory factors (Il-6, Il-18, Il-13, Cxcl7, Cxcl10) was found in the retinas 
of  TRPV2+/- rats and prevented by the drug treatment (p<0.05). Fur-
thermore, sitagliptin eye drops also protected against downregulation 
of the inwardly rectifying  K+ channel 4.1 (Kcnj10), which plays an 
important role in  K+ and fluid homeostasis in the retina (p<0.05).
Conclusion: Overall, these findings show that sitagliptin eye drops 
also exert a protective effect against the DR-like lesions of this new 
model, reinforcing the potential of this drug for treating human DR.
Supported by: Belfast Association for the Blind and Ministerio de 
Economía y Competitividad
Disclosure: H. Ramos Abellán: None.

895
Discovering biomarkers for diabetic eye complications by single-
cell RNA sequencing
C.B. Brandt1,2, T.S.  Voss2, L.  Petersen3, T.  Bek3, L.  Lin1,2, N. 
 Jessen1,2, Y.  Luo1,2;
1Department of Biomedicine, Aarhus University, Aarhus, Denmark, 
2Steno Diabetes Center Aarhus, Aarhus, Denmark, 3Department of 
Ophthalmology, Aarhus University Hospital, Aarhus, Denmark.

Background and aims: Diabetes microvascular complications often result 
in diabetic eye complications like diabetic retinopathy. The therapies for 
these complications are both invasive and the monitoring of the disease pro-
gression is time-consuming for clinical staff and patients. This verifies the 
need to identify biomarkers for diabetic microvascular eye complications, 
which can be used as future less invasive drug targets or diagnostic markers. 
The study aims to reveal the heterogeneity of peripheral blood mononuclear 
cells (PBMCs) and potentially discover biomarkers for early diagnosis of 
diabetes eye complications like proliferative diabetic retinopathy (PDR).
Materials and methods: This study investigates gene expressions 
levels by single-cell RNA sequencing of PBMCs from 1) participants 
with diabetes and newly diagnosed PDR (n=10), 2) participants with 
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diabetes and newly diagnosed diabetic maculopathy (n=10), 3) par-
ticipants with diabetes without eye disease (n=10), and 4) healthy 
individuals (n=10). Three participants from each group 1-4 were 
included in the pilot study analysis data set.
Results: In this pilot study analysis, we discovered one participant 
with newly diagnosed PDR who had a monocyte deficiency (visu-
alised in the attached figure). Hence, a new participant with newly 
diagnosed PDR was recruited for further analysis in the pilot study. 
Single-cell RNA sequencing analysis has been used to annotate the 
major cell types and differential expressed genes have been identified. 
We observed cell composition changes and gene expression patterns 
between the populations (participants in groups 1-4).
Conclusion: In conclusion, we have found differentially expressed 
genes between the analyzed groups. We aim to further investigate 
the observed cell composition changes and gene expression patterns 
between the populations to be able to find an early diagnostic marker 
or therapeutic target for diabetic eye complications like PDR.

Clinical Trial Registration Number: NCT05169502
Supported by: AUFF-NOVA Research Grant and Steno Diabetes 
Center Aarhus which is partially funded by an unrestricted donation 
from the Novo Nordisk Foundation.
Disclosure: C.B. Brandt: Grants; The research support is pro-
vided by the Steno Diabetes Center Aarhus (SDCA) which is par-
tially funded by an unrestricted donation from the Novo Nordisk 
Foundation.

896
Soluble CD163 and haemoglobin A1c were independently associ-
ated with the progression of diabetic retinopathy in adult patients 
with type 1 diabetes
E.O. Melin1, S.  Hector2, H.O.  Thulesius3, M.  Hillman1, M. 
Landin-Olsson1;
1Diabetes Research Laboratory, Lund University, Lund, Sweden, 
2Department of Ophthalmology, Region Kronoberg, Växjö, Swe-
den, 3Department of Medicine and Optometry, Linnaeus University, 
Kalmar, Sweden.

Background and aims: High intra-vitreous soluble (s)CD163 levels 
have been demonstrated in severe diabetic retinopathy (DR). The aim 
was to explore the predictive value of plasma sCD163 and Haemo-
globin A1c (HbA1c) for DR progression in adult patients with type 
1 diabetes mellitus.
Materials and methods: Prospective design. Fundus photography 
performed in 2009 and at follow-up (≤12 years later) were compared 
after being categorised according to the International Clinical Dia-
betic Retinopathy Disease Severity Scale. “DR progression at least 
one level” was calculated. In 2009, diabetes-related data was col-
lected and biochemical analyses were performed. Plasma sCD163 
and HbA1c were divided into quartiles. Multiple logistic regression 
analyses were performed.
Results: N=270 (men 57%). The prevalence of DR in 2009 vs at 
follow-up were: No apparent 28% vs 18%; mild 20% vs 13%; moderate 
24% vs 26%; severe 11% vs 13%; and proliferative DR 17% vs 30% 

(p <0.001). DR progression occurred in 101 (45%) patients. Plasma 
sCD163 ≥343 ng/mL (>  1st quartile) (adjusted odds ratio (AOR) 2.6, 
p=0.004) and HbA1c ≥ 54 mmol/mol (≥7.1%) (>  1st quartile) (AOR 
3.8, p <0.001) were independently associated with DR progression, 
controlled for sex, age, diabetes duration, follow-up period, serum-cre-
atinine, macroalbuminuria, metabolic variables, and lifestyle factors. 
For HbA1c, the associations with DR progression increased signifi-
cantly from the first to forth quartile (AORs: 1; 2.5; 3.6; 7.4), which 
was not the case for sCD163 (AORs: 1; 2.9; 2.4; 2.4).
Conclusion: Plasma sCD163 and HbA1c were the only variables 
independently associated with DR progression in patients with 
T1DM. In addition to HbA1c, sCD163 may be a risk biomarker of 
DR progression.

Supported by: EOM received grants from the RaD Fund of Region 
Kronoberg, Växjö, Sweden. Grant numbers 936015 and 969355.
Disclosure: E.O. Melin: None.

897
Epicardial adipose tissue volume and retinopathy in people living 
with diabetes: the Opht-EAT study
S. Tatulashvili1, A.  Khalife2, M.  Boubaya3, H.  Bihan1, L.  Allard3, M. 
 Sal4, I.  Rezgani4, Z.  Elfekih4, P.-Y.  Brillet1, A.  Giocanti1, E.  Cosson1;
1Ile de France, université sorbonne paris nord, Bobigny, France, 2Ile 
de France, Hôpital Jean Verdier, Bondy, France, 3Ile de France, Hôpi-
tal Avicenne, Bobigny, France, 4Ile de France, Hopital Avicenne, 
Bobigny, France.

Background and aims: We aimed to investigate whether the volume 
of epicardial adipose tissue (EAT), the visceral fat tissue located adja-
cent to the coronary arteries, is associated with diabetic retinopathy.
Materials and methods: This was a non-interventional cohort 
study with retrospective and prospective recruitment between 
2010 and 2022 of people living with diabetes who had a computed 
tomography (CT) scan for measurement of coronary calcium score 
and an assessment of retinopathy. CT scanning was used to measure 
EAT volume (GE software). P<0.05 was considered as statistically 
significant.
Results: The 1,037 participants (564 men, median age 59.0 [range 
18.0-84.8] years, had diabetes (79.1% type 2) for 13 [0-60] years; 
42.4% were obese. Retinopathy was reported in 396 patients (38.2%); 
median EAT volume was 87  cm2 [10-392]. The parameters statisti-
cally associated with retinopathy were ethnicity, diabetes type and 
duration (retinopathy yes vs no: 18 [0-60] vs 10 [0-50] years, respec-
tively); insulin therapy (74.6 vs 54.2%, respectively); the presence of 
other complications (nephropathy 49.1 vs 35.8%; neuropathy: 56.7 vs 
35.8%; CAC score 17 [0-4200] vs 3 [0-3759] AU) and treated hyper-
tension (70.1 vs 56.5%). EAT volume was lower in participants with 
than without retinopathy 82 [10-244] vs 91 [19-392]  cm3, p<0.001, 
with a similar volume whether retinopathy was proliferative or not. 
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The negative association between EAT (per 10  cm3) and retinopathy 
persisted after adjustment for age, gender, ethnicity, diabetes type and 
duration, HbA1c, treated hypertension and dyslipidemia: odds ratio 
0.91 [95% confidence interval 0.87-0.95], p<0.001.
Conclusion: In our large series and after adjustment for cofound-
ers, we found a negative association between EAT volume and 
diabetic retinopathy. It is surprising as EAT secretes inflamma-
tory factors and lipid metabolites that are known to be involved 
in diabetes-related complications. Further mechanistic studies are 
necessary.
Disclosure: S. Tatulashvili: None.

898
Are automated insulin delivery systems the best treatment 
option for adults with type 1 diabetes and retinopathy?
D. Vávra, R. Bem, K. Sochorová, M. Müllerová, M. Haluzik;
IKEM, Prague, Czech Republic.

Background and aims: Optimal control of blood glucose remains fun-
damental to reducing the risk of developing and progressing retinopathy. 
Automated insulin delivery (AID) pump therapy is a technology improv-
ing the management of type 1 diabetes (T1D) and demonstrates glucose 
control and quality of life benefits. The aim of our study was to assess the 
effect of different types of insulin delivery modalities, including AID, on 
glycaemic control in adults with T1D and diabetic retinopathy.
Materials and methods: We identified 652 subjects with type 1 diabetes 
and diabetic retinopathy (age 50.6±14.6 years; 53.5% males and duration 
of diabetes - 32.3±11.4 years) using sensors for blood glucose monitoring 
within our center. Diabetic retinopathy was diagnosed via retinophoto or an 
ophthalmologist exam. Out of these subjects, 251 (38.5%) were treated by 
multiple daily injections (MDI), 228 (35%) by insulin pump (IP) without 
AID, and 173 (26.5%) by AID. We assessed the glycemic control by glycated 
hemoglobin (HbA1c) and time in range (TIR - 3.9-10 mmol/l) and also the 
presence of hypoglycemia in all patients and compared data between groups.
Results: Patients using AID had significantly lower HbA1c in compari-
son with IP and MDI (AID 56±10.6 vs IP 59.3±10.7; p<0.01 vs MDI 
61.4±13.4; p<0.0001) and had significantly longer TIR (AID 73.1%±14.6 
vs IP 62.9%±15.5; p<0.0001 vs MDI 59.8%±18,2; p<0.0001); there was 
also a significant difference between IP and MDI in the subgroup of subjects 
under the age of 40 (both p<0.05). In addition, subjects with AID had less 
time in hypoglycemia in comparison with IP and MDI (AID: 2.3%±2.6 vs 
IP: 4.5%±5; p<0.0001 vs MDI: 5.3%±5.4; p<0.0001). Significantly lower 
rates of dyslipidemia and hypertension in patients with AID were seen as well.
Conclusion: Our study showed that adults with T1D and diabetic 
retinopathy may benefit the most from AID, as it leads to better gly-
cemic control and reduction of hypoglycemia.
Supported by: Programme EXCELES, ID Project No. LX22NPO5104
Disclosure: D. Vávra: None.

899
Rapid reduction of HbA1c and early worsening of diabetic retin-
opathy: a real-world population-based study in subjects with type 
2 diabetes
R. Simo1, J. Franch-Nadal2, B.  Vlacho2, J.  Real2, E.  Amado3, J. 
 Flores4, M. Mata-Cases2, E.  Ortega5, M.  Rigla6, J.-A. Vallés3, C. 
Hernández1, D.  Mauricio7;
1Diabetes and Metabolism Research Unit, Vall d’Hebron Research 
Institute, Barcelona, Spain, 2Fundació Institut Universitari per a la 
recerca a l’Atenció Primària de Salut Jordi Gol i Gurina (IDIAPJGol), 
Barcelona, Spain, 3Gerència del Medicament. Gerència d’Atenció Pri-
maria, Institut Català de la Salut, Barcelona, Barcelona, Spain, 4Hos-
pital Universitari del Mar, Barcelona, Spain, 5Institut d’Investigacions 

Biomèdiques August Pi i Suñer, Hospital Clínic, Barcelona, Spain, 
6Institut d’Investigació I Innovació Parc Tauli (I3PT). Hospital Univer-
sitari Parc Taulí, Barcelona, Spain, 7Hospital de la Santa Creu i Sant 
Pau, Barcelona, Barcelona, Spain.

Background and aims: Early worsening of diabetic retinopathy 
(EWDR) due to the rapid decrease of blood glucose levels is a con-
cern in diabetes treatment. The aim of the present study was to evalu-
ate whether this is an important issue in subjects with type 2 diabetes 
with mild or moderate non-proliferative diabetic retinopathy (NPDR), 
which represent the vast majority of subjects with DR attended in the 
Primary Care.
Materials and methods: Retrospective nested case-control study 
of subjects with type 2 diabetes and previous mild or moderate 
NPDR. Using SIDIAP database, we selected 1,150 individuals 
with EWDR and 1,150 matched controls (DR without EWDR). 
The main variable analyzed was the magnitude of the reduction 
of HbA1c in previous 12 months. The reduction of HbA1c was 
categorized in rapid (>1.5% reduction in < 12 months) and very 
rapid (>2% in <6 months).
Results: We did not find any significant difference in HbA1c 
reduction (rapid or very rapid) between cases and controls. 
HbA1c reduction did not show significant association with 
worsening of DR, neither in the unadjusted analyses nor in 
adjusted statistical models that included the main confounding 
variables: duration of diabetes, baseline HbA1c, presence of 
hypertension and antidiabetic drugs. In addition, when stratifi-
cation by baseline HbA1c was performed we did not find that 
those patients with higher levels of HbA1c presented higher 
risk to EWDR.
Conclusion: Our results suggest that the rapid reduction of HbA1c is 
not associated with progression of mild or moderate NPDR.
Supported by: Unrestricted grant from Novo Nordisk Pharma S.A.
Disclosure: R. Simo: None.
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SO 78 Biomarkers and risk factors 
for diabetic foot disease and peripheral 
neuropathy

900
Have PAD and microcirculation status impact on the tissue avail-
ability of intravenously administered antibiotics in patients with 
infected diabetic foot (DFIATIM study)?
V. Fejfarova1,2, R. Jarošíková1, J. Kepertová3, J. Husáková1, V. 
Wosková1, P.  Beca3, P. Tůma4, J. Polák4, M. Dubský1, D. Sojáková1, 
V. Lánská1, M. Petrlík5;
1Diabetes Center, Institute for Clinical and Experimental Medicine, 
Prague, Czech Republic, 2Second Faculty of Medicine – Charles Uni-
versity, Prague, Czech Republic, 3Department of Clinical Pharmacol-
ogy, Department of Clinical Pharmacology, Institute for Clinical and 
Experimental Medicine, Prague, Czech Republic, 4Third Faculty of 
Medicine, Charles University, Prague, Czech Republic, 5Internal and 
Vascular ambulance, Prague, Czech Republic.

Background and aims: Lower limb amputations are preventable in 
patients with infected diabetic foot (DF) when early and aggressive 
antibiotic (ATB) therapy is provided. Tissue availability of ATB 
can be affected by peripheral arterial disease (PAD) and microcir-
culation impairment. Aim: To assess ATB availability in patients 
with infected DF ulcers (iDFU) in the context of micro- and macro-
circulation status.
Materials and methods: Twenty-three patients (mean age 62.6 ± 8.1 
years; HbA1c 61.4 ± 15.9 mmol/mol, BMI 30.5 ± 4.5 kg.m-2) with iDFU 
defined in accordance with WIfI classification (2-3)-(0-3)-(2-3) indicated 
for intravenous ATB therapy were enrolled in the study. Patients were 
treated with boluses of amoxicillin-clavulanic acid (AMC; 12 patients) 
or ceftazidime (CTZ; 11 patients) according to the microbial sensitivity 
of the causative agent. After induction of a steady ATB state, microdialy-
sis was performed with the insertion of a microdialysis cannula into the 
peripheral soft tissue near iDFU followed by the application of a sixth 
ATB bolus intravenously. Tissue fluid samples were taken from the foot 
within the next 6 hours. Simultaneously, blood samples were taken from 
peripheral blood for detection of ATB serum levels. ATB serum and tissue 
concentrations were determined by electrophoresis. The ATB efficacy was 
defined by the evaluation of maximal serum and tissue ATB concentra-
tion (Cmax and  Cmaxtissue), the percentage of a 24-hour period where 
the unbound drug tissue concentration exceeded the MIC (≥100% tissue 
fT>MIC) and area under the concentration-time curve in tissue/24 hours/
minimal inhibition concentration (AUC tissue /MIC). The presence of PAD 
was assessed by triplex ultrasound and the ankle-brachial index (ABI; 
mean ABI 1±0.35) and toe-brachial index (TBI; mean TBI 0.68±0.24) 
tests; the amount of arterial flow was determined by occlusive plethys-
mography (mean first phase of arterial flow 78.8±36.3ml/s, mean second 
phase 43±20ml/s); microcirculation status was evaluated by transcutane-
ous oxygen pressure  (TcPO2; mean  TcPO2 45±12.7 mm Hg).
Results: Serum AMC Cmax after bolus administration reached 
91.8±52.5 ug/mL, AMC Cmax tissue 6.8±4.8 ug/mL ( p<0.001), CTZ 
Cmax reached 186.8±44.1 ug/mL and CTZ Cmax tissue was 18.6±7.4 
ug/mL (p<0.0001). We have found AUC tissue /MIC in AMC treated 
patients 334±351; 33% of patients had ≥100% tissue fT>MIC. Patients 
treated by CTZ revealed 113±114 of AUC tissue /MIC; 45% of patients 
had ≥100% tissue fT>MIC. We proved positive correlations of AUC 
tissue with arterial flow (with first r=0.42; p=0.045 and second phase 
r=0.55; p=0.01) and negative corelations of AUC tissue /MIC with 
weight (r= -0.45; p=0.04) in both groups. Other patients’ character-
istics did not significantly correlate with tissue ATB levels.
Conclusion: Our results showed that tissue ATB concentrations in 
patients with iDFU were partially satisfactory and correlate with arte-
rial flow and weight.

Clinical Trial Registration Number: EUDRA CT Number: 
2019-001997-27
Supported by: NU20-01-00078
Disclosure: V. Fejfarova: None.

901
Main factors influencing limb salvage in patients with chronic 
limb-threatening ischaemia after autologous cell therapy
D. Sojakova1,2, V.  Fejfarova1, J.  Husakova1,2, A.  Nemcova1, R. 
 Jarosikova1, V.  Woskova1, K.  Sutoris3, M.  Kahle4, M.  Dubsky1,2;
1Diabetes Centre, Institute for Clinical and Experimental Medicine, 
Prague, Czech Republic, 2First Faculty of Medicine Charles Univer-
sity, Prague, Czech Republic, 3Transplantation Surgery Department, 
Institute for Clinical and Experimental Medicine, Prague, Czech 
Republic, 4Information Technology Division, Institute for Clinical 
and Experimental Medicine, Prague, Czech Republic.

Background and aims: The combination of chronic limb-threat-
ening ischemia (CLTI) and diabetes mellitus deteriorates patients’ 
prognosis, especially in those who are treated for diabetic foot con-
servatively. Major amputation is often inevitable. In these cases, 
autologous cell therapy (ACT) could be the last option to avoid 
amputation. The aim of our study was to analyze risk factors that 
could influence limb salvage in patients with CLTI treated by ACT.
Materials and methods: We included in our study 149 limbs 
treated by ACT at our centre in 124 patients with CLTI and dia-
betic foot ulcers (DFU). Baseline factors were divided into three 
categories: patient-related (the presence of ischemic heart disease, 
chronic kidney disease and hemodialysis, arterial hypertension, 
treatment of diabetes, antiplatelet therapy, cholesterol levels and 
use of statin therapy, thrombophilia), limb-related (the stage of 
limb ischemia - Rutherfrod, Graziani classifications, transcutane-
ous oxygen pressure) and ulcer-related (clinical signs of infection 
, the presence of foot infection in accordance with Wagner, Pedis, 
Graziani, Wifi, Sinbad and Texas classifications, osteomyelitis, 
resistant microbes- MRSA or ESBL). All baseline factors were 
analyzed between amputated and non-amputated patients using 
Kaplan-Meier estimate.
Results: The major amputation was necessary to perform in 49/149 
limbs (32.9 %) during median follow-up of 27 (1;177) months. During 
the first year after ACT were lost 38/49 limbs (77.6 %). The median time 
to major amputation was 144 (52; 2190) days. Main factors influencing 
limb salvage were the presence of clinical signs of infection (p<0.001), 
higher grade of infection according to PEDIS classification (grade 1 vs. 
0: p=0,006; grade 2 vs. 0: p<0,001; grade 3 vs. 0: p=0,002; grade 1 vs. 
2: p=0,03) and use of immunosuppressive therapy (p=0.04).
Conclusion: Our study confirmed, that clinical signs of infection, 
higher grades of PEDIS classification and using of immunosup-
pressive drugs had a negative impact on limb salvage in patients 
with CLTI after ACT.
Supported by: the project CarDia (Programme EXCELES, Pro-
ject No. LX22NPO5104) - Funded by the European Union - Next 
Generation EU.
Disclosure: D. Sojakova: None.

902
Surface swaps of diabetic foot ulcers carry a distinct protein 
biomarker profile compared with healing ulcers
M. Petkovic1, J.A.  Raguz2, K. Kirketerp-Møller2, R.R. Jersie-
Christensen1, E.C.  Leal3, E.  Carvalho3, H.  Jenssen1, A.  Rasmussen2, 
P.  Rossing2,4, T.S.  Ahluwalia2,5, L.T.  Dalgaard1;
1Department of Natural Science and Environment, Roskilde Uni-
versity, Roskilde, Denmark, 2Steno Diabetes Center Copenhagen, 
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Herlev, Denmark, 3Center for Neuroscience and Cell Biology, 
University of Coimbra, Coimbra, Portugal, 4Department of Clini-
cal Medicine, University of Copenhagen, Copenhagen, Denmark, 
5Department of Biology, University of Copenhagen, Copenhagen, 
Denmark.

Background and aims: Chronic diabetic foot ulcers (DFU) are 
a common problem associated with diabetes. Healing outcome is 
challenging to anticipate in clinical settings, complicating personal-
ized treatment; thus, efficient predictive biomarkers are needed to 
improve DFU risk stratification and treatment. We aimed to evaluate 
the proteomic profile of human wound swaps from newly detected 
DFUs and identify prognostic biomarkers for chronic wounds.
Materials and methods: We recruited 112 people with DFU for an 
observational study, from which swaps from ulcers were obtained at 
the time of inclusion (at the first observation of an ulcer). Patients were 
followed until the wound closure or up to 6 months in the foot clinic. 
Enrolled patients were categorized according to healing time: fast healers 
(FH, <40 days), slow healers (SH, >40 days; <6 months), and chronic 
non-healers (CH, >6 months). Patient data were obtained from health 
records: BMI, C-peptide, lipoproteins, triglycerides, urine/albumin/
creatinine levels, and metrics for diagnosing peripheral arterial disease 
(PAD). Wound sampling was performed by brush grafting after wound 
bed debridement. Sample protein content was assessed using shotgun 
proteomics and quantification using MaxQuant analysis, followed by 
data QC using Perseus software (proteins with less than 3 observations 
per group were filtered). Statistical analysis was performed in SPSS or 
Perseus, using a significance level of 0.05 after FDR correction.
Results: Wound volume, position, age, sex distribution, diabetes duration, 
BMI, kidney function, and HbA1c were not different between groups. 
Out of 1093 LC-MS traceable proteins, 368 remained after QC, with 
223 proteins significantly changed between any two groups. Resistin, a 
promotor of chemotaxis in myeloid cells was 23-fold (SH), and 45.6-fold 
(CH) upregulated compared to FH. Defensin 3, an indicator of neutrophil 
activation was elevated 6-fold (SH) while it was robustly secreted by 
chronic wounds (44.2-fold). Serum SAA1 protein was 2-fold downregu-
lated in SH but 28.6 -fold overproduced in chronic wounds. SERPINs D1/ 
B4 and neutrophil degranulation Annexin A3 were solely detected in the 
CH wounds, in contrast to tissue repair SERPIN A1/A3, and angiogenic 
SERPINF1, present in FH only. Levels of S100-A12, acute phase protein 
were 3.8-fold in SH and 10.8-fold higher in CH compared to the FH 
group. Neutrophil elastase and lactoferrin, associated with the formation 
of the extracellular trap were detected in CH but not FH.
Conclusion: Wound bed effluents are a valuable source of bioactive 
molecules. (e.g., chemokines, cytokines, host defense peptides) as pre-
dictive markers of DFU healing yet carry unexplored information about 
biomarkers of DFU healing. Our assessment of wound swaps obtained 
at DFU diagnosis shows a weak correlation between common clinical 
parameters but display a consistent protein profile corresponding to a 
chronic wound phenotype, providing a panel of biomarkers with the 
potential for predicting the adverse outcome of poor healing.
Clinical Trial Registration Number: H-17018891
Supported by: EFSD, DDA
Disclosure: M. Petkovic: None.

903
Advanced glycation end-products as serum biomarkers for dia-
betic peripheral neuropathy in type 1 diabetes
M. Sjøgaard1,2, C.  Buhl3, R. Brødsgaard4, K.  Schousboe5, H. 
 Mizrak4, H.  Kufaishi4, T.  Flemming6, P.  Nawroth7, T.S.  Jensen2,3, 
N.B.  Finnerup2, C.  Stevns4, K. Yderstræde5, J.R.  Nyengaard8,9, N. 
 Ejskjaer1,10, P.  Karlsson2,3;
1Steno Diabetes Center North Denmark, Aalborg University Hospital 
(AAUH), Aalborg, Denmark, 2Danish Pain Research Centre, Dept 

of Clinical Medicine, Aarhus University (AU), Aarhus, Denmark, 
3Steno Diabetes Center Aarhus, Aarhus University Hospital (AUH), 
Aarhus, Denmark, 4Steno Diabetes Center Copenhagen, Copenhagen, 
Denmark, 5Steno Diabetes Center Odense, Odense, Denmark, 6Dept 
of Medicine I and Clinical Chemistry, University Hospital of Heidel-
berg, Heidelberg, Germany, 7Inst of Immunology, University Hospi-
tal of Heidelberg, Heidelberg, Germany, 8Core Centre for Molecular 
Morphology, Dept Clinical Medicine, AU, Aarhus, Denmark, 9Dept 
Pathology, AUH, Aarhus, Denmark, 10Dept Clinical Medicine, Aal-
borg University, Aalborg, Denmark.

Background and aims: In diabetic peripheral neuropathy (DPN), 
advanced glycation end-products (AGEs) may play a pathogenic role. 
AGE formation is a direct consequence of hyperglycemia, and their 
levels are often elevated in people with diabetes. We aimed to inves-
tigate the associations between serum AGEs and their precursors in 
a well-characterized T1DPN cohort.
Materials and methods: Carefully phenotyped participants were 
grouped into healthy controls; T1D; painless T1DPN; and painful 
T1DPN. DPN was defined, using the Toronto criteria. AGEs and 
their precursors were quantified in serum and assessed by z-scores 
in groups, depending on their pathway of origin (dicarbonyls, gluco-
toxicity, glycolytic dysfunction, lipid peroxidation, oxidative stress, 
or nitro-oxidative stress).
Results: We found statistically significant differences between 
all AGE groups, after adjusting for sex, age, HbA1c, and diabetes 
duration (p<0.05) (Table 1). Further analyses, comparing T1D 
with T1DPN revealed significant differences in lipid peroxidation, 
oxidative stress, and nitro-oxidative stress (all, p<0.05). Compari-
sons between painless and painful T1DPN revealed differences 
in dicarbonyls (p<0.05). To better identify specific biomarker 
pathways associated with T1DPN, odds ratios (ORs), comparing 
T1D and T1DPN, were generated and adjusted for confounders. 
Two measures revealed significantly increased ORs for T1DPN, 
including lipid peroxidation (OR=3.99, p<0.01) and nitro-oxi-
dative stress (OR=2.43, p<0.05). The ORs for painful T1DPN 
compared to painless T1DPN, were significantly increased in the 
dicarbonyl and glucotoxicity groups before adjusting for diabetes 
related confounders(p<0.05). However, both lost significance after 
adjusting for HbA1c and diabetes duration (p>0.05).
Conclusion: We found an association between oxidative AGE 
pathways and T1DPN. Specifically, the AGEs involved in lipid 
peroxidation, oxidative stress, and nitro-oxidative stress exhibited 
significantly increased ORs for DPN. Moreover, we found a pos-
sible tendency of increased levels of dicarbonyls in painful T1DPN.

Supported by: The Novo Nordisk Foundation
Disclosure: M. Sjøgaard: None.

904
Optimising examination-time for functional assessment of small 
C-fiber function in diabetes utilising the histamine-induced 
axon-reflex flare response
M.K. Borbjerg1,2, S.S.  Croosu3,1, T.M.  Hansen3,4, J.B. Frøkjær3,4, 
L. Arendt-Nielsen5,6, N.  Ejskjaer1,7, C.D. Mørch5,2, J. Røikjer1,2;
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1Steno Diabetes Center North Denmark, Aalborg University Hos-
pital, Aalborg, Denmark, 2Integrative Neuroscience, Aalborg Uni-
versity, Aalborg, Denmark, 3Department of Radiology, Aalborg 
University Hospital, Aalborg, Denmark, 4Department of Clinical 
Medicine, Aalborg University, Aalborg, Denmark, 5Center for 
Neuroplasticity and Pain (CNAP), Aalborg University, Aalborg, 
Denmark, 6Department of Medical Gastroenterology, Mech-Sense, 
Aalborg University, Aalborg, Denmark, 7Clinical Medicine and 
Endocrinology, Aalborg University, Aalborg, Denmark.
Background and aims: The axon-reflex flare response is a reliable 
method for functional assessment of small fibers in diabetic periph-
eral neuropathy (DPN), but broad adoption is limited by the time 
requirement. The aims of this study were to 1) assess diagnostic 
performance and optimize time required for assessing the histamine-
induced flare response and 2) associate with established parameters.
Materials and methods: Sixty participants with type 1 diabetes with 
(n=33) or without (n=27) DPN participated. The participants under-
went quantitative sensory testing (QST), corneal confocal microscopy 
(CCM), and flare intensity and area size assessments by laser-doppler 
imaging (FLPI) following an epidermal skin-prick application of hista-
mine. The flare parameters were evaluated each minute for 15 minutes, 
and the diagnostic performance compared with QST and CCM were 
assessed using AUC. Minimum time-requirements until differentiation 
and to achieve results comparable with a full examination were assessed.
Results: Flare area size had better diagnostic performance compared 
with CCM (AUC 0.88 versus 0.77, p<0.01) and QST (AUC 0.91 
versus 0.81, p=0.02) than mean flare intensity, and could distinguish 
people with and without DPN after 4 minutes compared to after 6 
minutes (both p<0.01). Flare area size achieved a diagnostic perfor-
mance comparable to a full examination after 6 and 7 minutes (CCM 
and QST respectively, p>0.05), while mean flare intensity achieved it 
after 5 and 8 minutes (CCM and QST respectively, p>0.05).
Conclusion: The flare area size could be evaluated 6-7 minutes after 
histamine-application, which would increase diagnostic performance 
compared to mean flare intensity.
Clinical Trial Registration Number: NCT04078516
Disclosure: M.K. Borbjerg: None.

905
Cathepsin C and platelet-derived growth factor receptor A are 
potential novel biomarkers of distal sensorimotor polyneuropa-
thy: KORA F4/FF4 study
C. Herder1,2, H.  Maalmi1,2, A.  Strom1,2, W.  Rathmann2,3, M.  Heier4,5, 
M.  Waldenberger4,6, W.  Koenig7,8, D.  Ziegler1, M.  Roden1,9, A. 
 Peters4,10, G.J. Bönhof1,9, B.  Thorand2,4;
1Institute for Clinical Diabetology, German Diabetes Center, Düs-
seldorf, Germany, 2German Center for Diabetes Research (DZD), 
Neuherberg, Germany, 3Institute for Biometrics and Epidemiology, 
German Diabetes Center, Düsseldorf, Germany, 4Institute of Epide-
miology, Helmholtz Zentrum Munich – German Research Center for 
Environmental Health, Neuherberg, Germany, 5KORA Study Centre, 
University Hospital Augsburg, Augsburg, Germany, 6Partner Site 
Munich Heart Alliance, German Center for Cardiovascular Research 
(DZHK), Munich, Germany, 7Institute of Epidemiology and Medical 
Biometry, University of Ulm, Ulm, Germany, 8Deutsches Herzzen-
trum München, Technische Universität München, Munich, Germany, 
9Division of Endocrinology and Diabetology, Medical Faculty and 
University Hospital Düsseldorf, Heinrich Heine University, Düs-
seldorf, Düsseldorf, Germany, 10Ludwig-Maximilians-Universität 
München, Munich, Germany.

Background and aims: Circulating levels of inflammation-related 
biomarkers are higher in people with distal sensorimotor polyneu-
ropathy (DSPN) than in those without DSPN but these biomarkers are 

not disease-specific. The aim of this study was to assess associations 
between a large panel of neurological biomarkers potentially reflect-
ing more closely the underlying nerve damage and DSPN in older 
individuals.
Materials and methods: Cross-sectional analyses were based on 
1032 participants aged 62-81 years from the population-based KORA 
F4 survey, 177 of whom had DSPN at baseline. The prevalence of 
prediabetes/type 2 diabetes was 47%. Prospective analyses used data 
from 505 participants of both the KORA F4 and the 7-year follow-up 
KORA FF4 survey who were free of DSPN at baseline and of whom 
125 developed DSPN. DSPN was defined based on the Michigan 
Neuropathy Screening Instrument. Serum levels of neurological bio-
markers were measured using proximity extension assay technology 
(Target 96 Neurology assay). Associations of 88 biomarkers (per 
1-SD increase) with prevalent and incident DSPN were estimated 
using Poisson regression with robust error variance adjusted for age, 
sex, demographic, metabolic and clinical variables. Results were 
expressed as risk ratios (RR) and 95% CI. The Benjamini-Hochberg 
(B-H) procedure was used to adjust for multiple testing.
Results: In the cross-sectional analysis, 12 biomarkers were associ-
ated with prevalent DSPN (p<0.05), and 11 of these associations 
were positive. After adjustment for multiple testing, higher serum 
levels of CTSC (cathepsin C, also known as dipeptidyl peptidase 
I; RR [95% CI] 1.23 (1.08, 1.39), P(B-H)=0.044) and of PDGF-Rα 
(platelet-derived growth factor receptor A, also known as CD140a; 
RR [95% CI] 1.21 (1.08, 1.35), P(B-H)=0.044) were associated with 
prevalent DSPN. None of the biomarkers showed an association with 
incident DSPN (all P(B-H)>0.05).
Conclusion: This study identified CTSC and PDGF-Rα as potential 
novel biomarkers of prevalent DSPN in older individuals with and 
without (pre)diabetes. Therefore, these biomarkers could be useful in 
monitoring the progression of DSPN. However, the lack of associa-
tion between the neurological biomarkers and incident DSPN chal-
lenges their relevance for disease prediction.
Supported by: EFSD/Lilly Programme, DZD
Disclosure: C. Herder: None.

906
Blood oxygen saturation and associations with autonomic and 
peripheral neuropathy in diabetes
R.B. Brødsgaard1, J.C.  Laursen1, H.I.  Mizrak1, H.  Kufaishi1, S.K. 
 Hecquet1, B.  Brock2, P.  Rossing1,3, C.S.  Hansen1;
1Complications Research, Steno Diabetes Center Copenhagen, Her-
lev, Denmark, 2Clinical Research, Steno Diabetes Center Copenhagen, 
Herlev, Denmark, 3University of Copenhagen, Copenhagen, Denmark.

Background and aims: Blood oxygen saturation  (SpO2) is lower in 
both people with type 1 diabetes (T1D) and type 2 diabetes (T2D) when 
compared to healthy individuals. Hypoxia is thought to play a role in 
the progression of diabetic complications, possibly also neuropathy. 
This study investigates the association between SpO2 and peripheral 
and autonomic neuropathy in a population of T1D and T2D patients.
Materials and methods: The study involves participants with T1D and 
T2D from a cross-sectional study.  SpO2 was measured in a supine posi-
tion with pulse oximetry. Autonomic outcomes were: Cardiovascular 
autonomic neuropathy (CAN) and bilateral sudomotor dysfunction of 
hands or feet below age- and sex-stratified electrochemical skin con-
ductance thresholds. CAN was assessed by cardiovascular reflex tests 
(CARTs): heart rate response to deep breathing (E/I ratio), to standing 
(30/15 ratio), and to the Valsalva maneuver (VM). Two or three patho-
logical CARTs constituted CAN. Peripheral sensory outcomes were: 
symmetrical vibration perception threshold assessed by biothesiometry 
above 25 volts (VPT), loss of bilateral pain sensation by pinprick at the 
distal dorsal part of the  1st,  3rd and  5th toe, and sural nerve conduction 
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velocity and amplitude assessed by DPNCheck. Odds ratios (OR) were 
adjusted for age and gender and calculated as a function of a 1% lower 
 SpO2 for T1D and T2D respectively.
Results: We included 1192 patients with a mean age of 58 ± 14 years 
(mean ± SD). 446 (37 %) were women, 630 (53 %) had T1D, and 562 
(47 %) had T2D. In T1D and T2D respectively, 90 and 106 (14 % vs. 
19 %) had CAN, and 161 and 267 (26 % vs. 48 %) had neuropathy by 
VPT. For other neuropathy measures, prevalences ranged between 43 to 
313 (7 % - 50 %) across both groups. Adjusted ORs for outcomes (95% 
CI, P-value) in T1D and T2D respectively, were 1.1 (0.9-1.3, p = 0.54) 
and 1.1 (1.0 - 1.3, p = 0.01) for CAN and 1.2 (1.0 - 1.4, p = 0.02) and 
1.0 (0.9 - 1.1, p = 0.40) for VPT. Unadjusted ORs for sudomotor func-
tion in the T1D group were significant (p < 0.001) for both hands and 
feet, however, significance was lost after adjusting for age and gender 
in ORs for hands (p = 0.07) and feet (p = 0.16). Adjusted ORs for the 
remaining outcomes were not significant. ORs are shown in figure 1.
Conclusion: Lower blood oxygen saturation is associated with a higher 
risk of having cardiovascular autonomic neuropathy in T2D, and a 
higher risk of having a symmetrical vibration perception threshold 
above 25 volts in T1D. Whether these associations are causal remains 
to be determined.

Disclosure: R.B. Brødsgaard: None.
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Cardiovascular risk factors associations with long-term weekly 
heart rate variability in prediabetes: the ADDITION-PRO study
J.R. Schaarup1, L.  Bjerg1, C.S.  Hansen2, A. Sandbæk1, D.  Vistisen2, D.R. 
 Witte1;
1Steno Diabetes Center Aarhus, Aarhus, Denmark, 2Steno Diabetes 
Center Copenhagen, Aarhus, Denmark.

Background and aims: Autonomic dysfunction is seen throughout the dia-
betic continuum including prediabetes. Lifestyle and cardiometabolic risk 
factors are associated with autonomic function, demonstrated in changes in 
short-term heart rate variability (HRV). Studies of week-long HRV indices 
including free-living daily activity are scarce, especially in prediabetes. We 
aimed to investigate the cross-sectional associations between age, sex, life-
style, and cardiometabolic factors and week-long HRV indices.
Materials and methods: Data were obtained from 1,230 participants with 
a high risk of diabetes in the Danish ADDITION-PRO study 2009-2011. 
Cardiometabolic markers were assessed by anthropometric measures, 
blood samples and blood pressure measurements, while lifestyle factors of 
smoking and alcohol consumption were self-reported and physical activity 
was measured by a combined heart rate monitor/accelerometer. HRV index 
standard deviation of normal-to-normal heartbeat intervals (SDNN) was 
estimated from 48 hours and up to seven days of continuous HR monitor 
(ActiHeart), based on mean inter-beat intervals for 30-second epochs. We 
examined age, sex, lifestyle factors, and measurements of glucose, lipids, 
and blood pressure as exposures in the models. We used linear regression 
to quantify the univariate association between each exposure and SDNN 
as crude estimates and after adjustment for age and sex.
Results: Mean (SD) age was 66 years (7), and 52 % were men. The population 
had a mean (SD) SDNN of 11.6 ms (4.1). Age, sex (being women), smoking, 
HbA1c, triglycerides, body mass index, waist circumference, fat percentage, 
and diastolic blood pressure were associated with lower SDNN (Table 1). 
Associations did not change materially upon adjustment for age and sex.
Conclusion: Higher age, smoking, overweight and higher markers of 
glucose, triglycerides were linked with autonomic dysfunction based 
on novel long-term measurement of HRV. Which of the circadian/
weekly rhythms of HRV are most closely linked to CVD risk factors 
and CVD events, remains a point for further investigation.

Supported by: EFSD/Sanofi European Diabetes Research Programme
Disclosure: J.R. Schaarup: None.
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908
Association of systolic and diastolic blood pressure with the risk 
of end-stage renal disease in older diabetes patients: a nation-
wide population-based study
S. Yu, S. Hong, J. Park, K. Han, C. Lee;
Department of Internal Medicine, Hanyang University, College of 
Medicine, Seoul, Republic of Korea.

Background and aims: There is insufficient evidence to determine 
a precise blood pressure target in older adults with diabetes mellitus. 
In this study, we evaluated the potential relationship between blood 
pressure levels and end-stage renal disease (ESRD) in older diabetes 
patients without ESRD using a nationwide longitudinal population 
dataset from the National Health Information Database (NHID).
Materials and methods: We performed a retrospective, obser-
vational, cohort study including 267,156 older (≥ 65 years old) 
patients with diabetes and without ESRD from 2009 to 2018 based 
on the NHID. We divided the participants into eight groups based 
on their systolic blood pressure (SBP) and diastolic blood pressure 
(DBP). The primary composite outcome was ESRD.
Results: During a median follow-up of 7.26 years, the incidence rate of 
ESRD was 2.03 per 1,000 person-years. In multivariable Cox propor-
tional hazard modeling, the risk of the primary outcome was the lowest 
in groups with an SBP of 100-119 mmHg and DBP of < 80 mmHg. In 
subgroup analysis according to the use of hypertension medication, there 
was a significant difference in DBP (p for interaction = 0.026) but no 
difference in SBP (p for interaction = 0.247). The risk of ESRD was the 
lowest in patients with an SBP of 110-129 mmHg taking hypertension 
medication and the highest in the group with an SBP of ≥ 160 mmHg.
Conclusion: Maintaining blood pressure at less than 120/80 mmHg 
may prevent progression to ESRD in older diabetes patients without 
cardiovascular disease.
Disclosure: S. Yu: None.

909
Persons with type 2 diabetes without cardiovascular disease 
but with albuminuria has increased coronary artery pathology
I.K.B. Rasmussen1, R.  Ripa2, A.-C. Skriver-Møller1, P.  Hasbak2, 
V.  Wasehuus1, K. Hadji-Turdeghal3, E.H.  Zobel1, M.L.  Lassen2, L. 
 Holmvang3, P.  Rossing1,4, A.  Kjaer2,4, T.W.  Hansen1;
1Steno Diabetes Center Copenhagen, Herlev, Denmark, 2Department 
of Clinical Physiology, Nuclear Medicine & PET and Cluster for 
Molecular Imaging, Rigshospitalet, Copenhagen, Denmark, 3Depart-
ment of cardiology, Rigshospitalet, Copenhagen, Denmark, 4Univer-
sity of Copenhagen, Copenhagen, Denmark.

Background and aims: Recent advances in non-invasive imaging 
enables functional assessment of coronary artery pathophysiology, 
including microcalcification, inflammation, and myocardial micro-
vascular function. We aimed to evaluate sub-clinical coronary artery 
pathology by multimodal imaging in persons with type 2 diabetes 
without known cardiovascular disease or symptoms stratified by 
albuminuria.
Materials and methods: Cross-sectional study including persons 
with type 2 diabetes, free of overt cardiovascular disease or symp-
toms. Participants were stratified based on history of albuminuria. 
The coronary microcalcification activity (CMA), representing the 
overall microcalcification in the main coronary arteries, was meas-
ured using 18F-sodium fluoride (18F-NaF) positron emission tomog-
raphy/computed tomography (PET/CT). Higher CMA represents 
more microcalcification. Plaque inflammation was measured using 
64Cu-DOTATATE PET/CT, which targets activated macrophages, 
and estimated as coronary inflammation activity (CIA). Higher CIA 
represents more inflammation. Using 82Rubidium (82Rb) PET/CT, 

we quantified the myocardial flow reserve (MFR); an estimate of the 
microvascular function. Higher MFR represents better cardiac micro-
vascular function. Coronary artery calcium score (CACS) was quan-
tified from CT. Higher CACS represent more arterial calcification.
Results: A total of 90 participants were included, 30 had normoal-
buminuria (urine albumin creatinine ratio (UACR) <30 mg/g) and 
60 had albuminuria or a history of albuminuria (UACR ≥ 30 mg/g). 
Mean age was 65 (SD 7.5) years, 19 % were females. Current UACR 
median was 27 [IQR: 16, 83] mg/g in the albuminuria group and 6 
[4, 7] mg/g in the group with normoalbuminuria. The group with 
albuminuria had more microcalcifications, median CMA 0.75 [IQR: 
0.30 -1.85] compared to the group with normoalbuminuria 0.43 [0.24 
- 0.87] (p=0.04), but not after adjustment for sex, age, estimated 
glomerular filtration rate, LDL-cholesterol, HbA1c, 24-hour systolic 
blood pressure and smoking (p=0.09). There was a positive associa-
tion between CMA and the current level of UACR (standardized β 
= 0.53, p=0.008), and a trend remained after adjustment (β=0.44, 
p=0.05). The mean MFR was lower in the group with albuminuria 
(2.5 (SD 0.7)) compared to the group with normoalbuminuria (2.9 
(0.7)), with a significant difference (p=0.02), but not after adjustment 
for other risk factors including resting heart rate (p=0.07). The CIA 
and CACS was similar between groups (p≥0.40). Higher current level 
of UACR was associated with lower MFR (β=-0.42, p=0.03) and 
higher CACS (β=0.40, p=0.03), but not after adjustment (p≥0.21). 
Current level of UACR was not associated with CIA (p=0.74).
Conclusion: In persons with type 2 diabetes, but no known cardio-
vascular disease, the presence of albuminuria was associated with 
sub-clinical coronary artery pathology when compared to normoal-
buminuria. Higher levels of microcalcifications were related to higher 
levels of albuminuria.
Clinical Trial Registration Number: H-19063311
Supported by: The study was funded with unrestricted grants from 
The Novo Nordisk Foundation
Disclosure: I.K.B. Rasmussen: None.

910
Diabetic cardiac autonomic neuropathy: the impact of sleep qual-
ity, insulin resistance, chronic inflammation and arterial stiffness
V. Serhiyenko1, L.  Serhiyenko2, A.  Serhiyenko1, V.  Segin3;
1Endocrinology, Danylo Halytsky National Medical University, Lviv, 
Ukraine, 2Biology, Danylo Halytsky National Medical University, 
Lviv Ukraine, Ukraine, 3Endocrinology, Lviv Regional Clinical Diag-
nostical Treatment Endocrinological Center, Lviv, Ukraine.

Background and aims: There is convincing evidence that people 
with violated circadian rhythms and diabetes are at higher risk of 
all-cause and cardiac mortality. While poor sleep quality can worsen 
cardiovascular risk factors, the relationship between sleep quality, 
arterial stiffness and heart rate variability (HRV) remains unknown. 
The present study has been designed to determine the relationship 
between arterial stiffness, insulin resistance (IR) parameters, inflam-
mation markers and melatonin with sleep quality among patients with 
Type 2 diabetes mellitus (T2DM) and CAN.
Materials and methods: Sixty-nine persons with T2DM and definite 
CAN were included in the study. Patients were aged 50-59 years, with 
BMI 27.1±0.31 kg/m 2 , the mean duration of diabetes was 7.9±0.4 
years, HbA1c level 7.1±0.19%. The diagnosis of CAN was based on 
the results of five standard cardiovascular tests, time-and frequency-
domain HRV. Arterial stiffness was evaluated using TensioMedTM 
Arteriograph 24 (Hungary). Sleep quality was assessed by the Pitts-
burgh Sleep Quality Index (PSQI). Homeostasis model assessment 
IR (HOMA-IR) was calculated: fasting glucose (mmol/L) x fasting 
immunoreactive insulin (mcIU/mL)/22.5. Melatonin in saline (noc-
turnal), tumor necrosis factor-alpha (TNF-α) and interleukin (IL) IL-6 
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contents in blood were determined by enzyme-linked immunosorbent 
assay (ELISA). Statistics: ANOVA.
Results: The mean PSQI among persons with T2DM and CAN was 
5.2±2.6. Based on the total PSQI score patients were divided into three 
groups: good, average and poor sleep quality (23 persons in each group). 
Patients with poor sleep quality tended to be depressed, evening type and 
obese. The melatonin levels were decreased accordingly to the violation 
of sleep quality [14.3±0.6 pg/mL (p<0.05) in patients with average sleep 
quality and 8.7±0.8 pg/mL (p<0.001) in persons with poor sleep quality] 
vs levels among patients with good quality of sleep (20.1±1.2 pg/mL). We 
found out that patients with poor sleep quality were characterized by an 
increase of HOMA-IR (6.19±0.8 vs 3.12±0.6, p<0.001), levels of IL-6 
(5.78±0.3 pg/mL vs 4.52±0.5 pg/mL, p<0.05) and TNF-α (5.78±0.3 pg/mL 
vs 4.52±0.4 pg/mL, p<0.05). Arterial stiffness parameters among patients 
with CAN exceeded physiological values and were considered high. Pulse 
wave velocity (PWV) value (10.72±0.26 m/sec vs 8.8±0.41 m/sec, p<0.001) 
was statistically significantly higher among patients with poor sleep quality 
compared to patients with good quality of sleep. High PWV has correlated 
with poor sleep quality in a model adjusted for several other lifestyle factors.
Conclusion: Poor sleep quality, decreased melatonin levels, psycholog-
ical and physiological stressors play a role in promoting the activation 
of cytokines, development of hyperinsulinemia, chronic inflammation 
and increased arterial stiffness in patients with T2DM and CAN.
Disclosure: V. Serhiyenko: None.

911
Recent trends in neuropathy-related hospitalisations in Romania: 
a retrospective nation-wide study
C. Bala1, A.  Rusu1, C.  Bondor2, L.  Podariu3,4, I.  Bujor3,4, N.  Gavan5, 
H.  Coman3;
1Department of Diabetes and Nutrition Diseases, Iuliu Hatieganu Uni-
versity of Medicine and Pharmacy, Cluj-Napoca, Romania, 2Depart-
ment of Medical Informatics and Biostatistics, Iuliu Hatieganu 
University of Medicine and Pharmacy, Cluj-Napoca, Romania, 3Vas-
cular Surgery Clinic, Emergency Clinical County Hospital Cluj, Cluj-
Napoca, Romania, 4“Nicolae Stancioiu” Heart Institute, Cluj-Napoca, 
Romania, 5Wörwag Pharma Romania SRL, Cluj-Napoca, Romania.

Background and aims: Peripheral and autonomic neuropathies are the 
consequence of a wide range of pathologies (genetic, metabolic, sys-
temic, traumatic, or toxic). Irrespective of the etiology they are respon-
sible for potentially debilitating complications and for a high burden on 
healthcare systems. The aim of this research was to evaluate the trends 
in neuropathy-related hospitalizations between 2010 and 2019.
Materials and methods: We used the data from the National School 
for Public Health, Management and Health Education to retrospectively 
analyze cases of neuropathy-related hospitalizations reported through-
out Romania between 2010 and 2019. Cases were identified using the 
primary or secondary discharge diagnoses codes of neuropathy (ICD-
10 codes E10.40-E10.43, E10.49, E10.73, E11.40-E11.43, E11.49, 
E11.73, G60, G61, G62, G63, G64, N18.8). Official population data 
published by the National Institute of Statistics was used to calculate 
the crude incidence rate of neuropathy-related hospitalizations/100,000 
persons/year. Summaries of data were generated using descriptive sta-
tistics and trend analysis was performed using linear regression.
Results: A total of 1,725,729 hospitalizations with neuropathy were 
identified during the index period. Of these, 769,324 (44.6%) cases 
had diabetic neuropathy and 956,405 (55.4%) cases had a nondia-
betic neuropathy. By sex, women accounted for most of hospitaliza-
tions for diabetic neuropathies (52.1%) and men for nondiabetic neu-
ropathies (61.0% of hospitalizations). We found a mean number of 
76,932.4 (±3834.9) hospitalizations for diabetic neuropathy/year and 
95,640.0 (±11010.82) hospitalizations for nondiabetic neuropathy/year. 

Incidence rate had an increasing trend during the index period for both 
diabetic and nondiabetic neuropathies, irrespective of sex, (Figure) by a 
mean rate of 4.3%/year for diabetic neuropathies and by a mean rate of 
1.4%/year for nondiabetic neuropathies. There was also an increasing 
trend in the incidence rate of hospitalizations for diabetic and nondia-
betic neuropathies in <30 years, 60-69 years and >70 years age groups.
Conclusion: Using a nationally representative database, we found that 
diabetic and nondiabetic neuropathy-related hospitalizations increased 
from 2010 to 2019. If the increase in the incidence rates in the elderly 
was expected, the observed increase in the incidence rate among young 
adults is alarming and could have long term implications for both 
patients and the healthcare system.

Supported by: Financial support for this study was provided by the 
Society of Diabetic Neuropathy.
Disclosure: C. Bala: None.

912
Mortality from diabetic kidney disease before and during the 
COVID pandemic
G.A. Lewis, J. Cardwell, K.J. Hardy;
Specialist Diabetes Department, St Helens and Knowsley Teaching 
Hospitals NHS Trust, St Helen’s, UK.

Background and aims: We have previously published 5- and 10- 
year audits from our UK diabetes kidney clinic reporting outcomes 
comparable to those in landmark trials of diabetic kidney disease 
in broadly similar patients. This 2023 (20-year) audit again showed 
practice consistent with NICE, ADA and Kidney Disease Improving 
Global Outcomes guidelines, but with sharply increased mortality 
compared with our previous audits and landmark trials. Our clinic 
continued face-to-face throughout the pandemic, but attendance was 
reduced by patient self-isolation during national lockdowns.
Materials and methods: We studied 298 patients, mean (SD) age 
60 (14) years and mean diabetes duration 16 (10) years in 2125 per-
son-years follow-up; 65% were male and 10% were smokers; median 
(range) eGFR was 34 (4-90) and 77 (25%) had end-stage renal disease 
(ESRD): 5 transplant, 44 haemodialysis, 4 continuous ambulatory 
peritoneal dialysis and 24 conservative treatment; 50% had athero-
sclerotic cardiovascular disease (ASCVD) at baseline.
Results: Median latest BP was 135/67 and median HbA1c 58 (31-130) 
mmol/mol; median LDL-cholesterol was 1.58 (0.57-6.42). Renin-angi-
otensin system (RAS) blockade status was known in 296 (99%): it was 
contraindicated in 75 (25%); reduced (hyperkalaemia) in 76 (25%) and 
reduced (low eGFR) in 71 (24%), leaving 148 eligible for maximum dose 
treatment, of whom 93% were on maximum single-agent RAS blockade. 
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Median eGFR decline was 0.14 (-1.75-4.67) ml/min/month and ASCVD 
incidence was 1.65 per 100-person-years. Incident ESRD and mortality 
were high at 11.1 and 8.97 per 100-person-years respectively. A steep rise 
in mortality after 2019 prompted us to assess mortality pre- and since-
COVID (arbitrarily defined as before and after  1st January 2020). The table 
shows increased mortality and eGFR decline since COVID, despite the 
cohorts before and since COVID being otherwise clinically very similar. 
Access to death certification was available in 119/140 (85%) who died, and 
in only 2 of these (1.6%) was COVID mentioned on the death certificate.
Conclusion: These data appear to show an increase in mortality and 
renal decline in the years following the start of the COVID pandemic. 
This increase cannot be explained based on typical clinical risk fac-
tors, diabetes kidney disease clinic care or COVID infection itself. 
Prompt examination of other diabetic kidney disease cohorts is needed 
to look for similar ostensibly COVID-associated excess deaths.

Disclosure: G.A. Lewis: None.
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Assessment of diabetic peripheral neuropathy in type 1 diabetes 
using magnetic resonance neurography
S. Croosu1,2, J. Røikjer2,3, S.  Tahami1, T.  Hansen1, C. Mørch4, J. 
Frøkjær1, N.  Ejskjaer2;
1Radiology Research Center, Aalborg University Hospital, Aalborg, 
Denmark, 2Steno Diabetes Center North Denmark, Aalborg University 
Hospital, Aalborg, Denmark, 3Integrative Neuroscience, Aalborg Uni-
versity, Aalborg, Denmark, 4Integrative Neuroscience, Center for Neu-
roplasticity and Pain (CNAP), Aalborg University, Aalborg, Denmark.

Background and aims: By using diffusion tensor imaging magnetic reso-
nance neurography (DTI-MRN), it is possible to non-invasively assess the 
integrity of nerve fibers in the peripheral nervous system. This study aimed 
to investigate: 1) whether there are differences in DTI-MRN outcomes 
between patients with diabetes with and without painful and painless dia-
betic peripheral neuropathy (DPN), 2) if DTI-MRI outcome alterations are 
measurable in more proximal areas of the lower extremity, and 3) whether 
the outcomes from DTI-MRN are associated with clinical outcomes.
Materials and methods: In this cross-sectional study, 58 participants with 
type 1 diabetes (T1D) and 20 healthy controls (HC) were included in the 
DTI-MRN analysis. The T1D group was divided into: 20 participants with 
painful DPN, 19 with painless DPN, and 19 without DPN. The distance 
between the patella and trochanter major was measured, and DTI-MRN 
was performed at 10% and 40% above the patella, covering the tibial and 
sciatic nerves, respectively. Fractional anisotropy (FA) and apparent dif-
fusion coefficient (ADC) were calculated. FA reflects the integrity and 
coherence of nerve fibers and is indicated by higher values. ADC reflects 
the presence of cellular structures such as nerve fibers or myelin sheaths 
and is reflected in lower values. These parameters were correlated with age, 
diabetes duration, HbA1c, nerve conduction study results and pain scores.
Results: The FA value of the tibial nerve was significantly lower in T1D 
with painful DPN (mean±SD: 0.25±0.08) and painless DPN (0.24±0.05) 
compared to T1D without DPN (0.33±0.06) and HC (0.32±0.07) (all 
p<0.002). The ADC value of the tibial nerve was significantly affected 
in T1D with painful DPN (912.2±338.2  (10-6  mm2/s)) compared to T1D 
without DPN and HC (622.0 ± 152.6 and 673.6 ± 185.4  (10-6  mm2/s)) 
(all p<0.007). No significant differences between the groups were 
observed for the FA and ADC values of sciatic nerve (all p>0.05). A 
higher HbA1c was associated with a poorer FA value of the tibial nerve 
(p=0.013). Lower FA and higher ADC values of the tibial nerve were 
associated with higher vibration perception threshold, poorer sural nerve 
amplitude and velocity, poorer warm and cold detection threshold, and 
higher pain intensity (all p<0.03). No associations were found between 
FA and ADC values of sciatic nerve and clinical outcomes (all p>0.05).
Conclusion: This study showed that DTI-MRN provides valuable 
information about the integrity of nerve fibers in individuals with T1D 
with painful and painless DPN. The FA of the tibial nerve seems to be 
related to DPN regardless of the presence of pain, whereas ADC altera-
tions were more pronounced in those with painful DPN. Alterations of 
FA and ADC of the more proximal sciatic nerve were not detectable 
when using DTI-MRN. This study also supports that FA and ADC were 
related to peripheral nerve function and pain intensity, where latter 
may indicate that changes in the integrity, coherence of nerve fibers 
and presence of myelin sheaths may be important in the neuropathic 
pain process. Current study contributes to a further understanding of 
peripheral nerve fiber pathology in T1D with painful and painless DPN.
Clinical Trial Registration Number: NCT04078516
Supported by: Augustinus Grant
Disclosure: S. Croosu: None.
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Soluble urokinase plaminogen activator receptor is associated 
with cardiovascular autonomic neuroapthy in type 1 diabetes
C. Hansen1, S.  Theilade1,2, J. Eugen-Olsen3, S.  Lyngbaek4, J.L. 
 Jeppsen5, T.W.  Hansen1, P.  Rossing1,2;
1Complications Research, Steno Diabetes Center Copenhagen, Her-
lev, Denmark, 2University of Copenhagen, Department of Clinical 
Medicine, Copanhagen, Denmark, 3University Hospital Hvidovre, 
Clinical Research Centre, Herlev, Denmark, 4University Hospital 
Hvidovre, Clinical Research Centre, Hvidovre, Denmark, 5Glostrup 
Hospital, Department of Medicine, Herlev, Denmark.

Background and aims: Cardiovascular autonomic neuropathy 
(CAN) and distal symmetric polyneuropathy (DSPN) are common 
and severe complications to diabetes associated with increased risk 
of morbidity and mortality with no current treatment. Inflammation 
is part of the pathogeneses causing neuropathy. Soluble urokinase 
plasminogen activator receptor (suPAR) is a marker of inflam-
mation associated with diabetic complications. We investigated 
the associations between serum suPAR levels and the diagnosis of 
CAN and DSPN in people with type 1 diabetes (T1D).
Materials and methods: In a cross-sectional study of people 
with T1D, serum suPAR was measured by ELISA analyses. CAN 
was assessed by cardiovascular reflex tests (CARTs): heart rate 
response to deep breathing (E/I ratio), to standing (30/15 ratio) 
and to the Valsalva manoeuvre (VM). Two or three pathological 
CARTs constituted CAN. Peripheral neuropathy was assessed by 
biothesiometry, where symmetrical vibration perception threshold 
(VPT) above 25 volts constituted DSPN.
Results: A total of 298 persons with T1D were included. The mean 
(SD) age was 55.7 (9.3) years, 51% were male, diabetes duration 
was 40.1(8.9) years,  HbA1c was 62.9(1.9) mmol/mol, estimated 
glomerular filtration ratio(eGFR) 78.1(24.9) ml/min/1.73m2 and 
median (IQR) serum suPAR was 3.6 (3.0;4.7) ng/ml. Of 256 par-
ticipants with CARTs available, 34% (n= 87) had CAN. DSPN was 
assessed in all participants and was present in 48% (n=143). In 
models adjusted for age, sex and high-sensitive C-reactive protein 
(model 1) and additionally adjusted for diabetes duration,  HbA1c, 
BMI, smoking, systolic blood pressure, serum LDL cholesterol and 
beta blocker use (only for CAN) (model 2), a doubling of suPAR, 
was significantly associated with odds ratios >3 for CAN and > 1 
for DSPN, respectively. Significance was retained after additional 
adjustment for eGFR (model 3) for CAN (Odds ratio 2.1(95%CI: 
1.2;3.6 p=0.007), but not for DSPN (Odds ratio 1.1(95%CI: 0.7;1.9 
p=0.634) (Figure).
Conclusion: We demonstrated an association between serum 
suPAR levels, a biomarker of systemic inflammation, , and CAN 
and DSPN in T1D. The most pronounced association was seen for 
CAN, suggesting that suPAR may play a more significant role the 
in pathogenesis leading to small fibre neuropathy as e.g. CAN, than 
to large fibre neuropathy as e.g. DSPN assessed by VBT.

Clinical Trial Registration Number: NCT01171248
Supported by: European Community’s Seventh Framework pro-
gramme (F2-2009-241544)
Disclosure: C. Hansen: None.

915
Association of early sensory deficits identified by QST with dys-
metabolism and their relationship with peripheral neuropathy 
development
Z. Kender, L. Seebauer, L. Schimpfle, E. von Rauchhaupt, A. Sulaj, 
H. Bartl, J. Szendroedi, S. Kopf, D. Tsilingiris;
University of Heidelberg, Heidelberg, Germany.

Background and aims: To investigate the association of early 
peripheral sensory dysfunction (EPSD) identified through quanti-
tative sensory testing (QST) with factors related to dysmetabolism 
(indexes of insulin resistance-IR, Metabolic Syndrome-MetS) in indi-
viduals with and without type 2 diabetes (T2DM) without peripheral 
neuropathy (PN), and the impact of those factors on PN development.
Materials and methods: 225 individuals (117 and 108 without and 
with T2DM, respectively) without PN based on clinical and elec-
trophysiological criteria were analyzed. Comparative analysis was 
conducted between those identified as “healthy” and those with 
EPSD (neuropathic sensory phenotype, either thermal hyperalgesia, 
mechanical hyperalgesia or sensory loss) based on QST. 196 were 
followed-up over a mean of 2.64 years.
Results: Among those without T2DM, in addition to male gender, 
height, higher fat and lower lean mass, higher IR (HOMA-R: OR 1.70, 
p=0.009, McAuley index OR: 0.62, p=0.008), were independently asso-
ciated with EPSD. In T2DM, MetS (OR 18.32, p < 0.001) and skin 
advanced glycation end-products (AGEs, OR 5.66, p=0.003) were inde-
pendent predictors of EPSD. In longitudinal analysis, T2DM (HR 3.32 
vs. no DM, p < 0.001), EPSD (aHR 1.88 vs. healthy, p=0.049 adjusted 
for DM and sex), higher IR and AGEs predicted PN development. 
Among the EPSD-associated sensory phenotypes, “sensory loss” was 
most strongly associated with PN development (aHR 4.35, p=0.011).
Conclusion: This study demonstrates the utility of a standardized 
QST-based approach in identifying early sensory deficits in individu-
als with and without T2DM. These are associated with a dysmeta-
bolic status signified by IR markers, MetS and higher AGEs which 
in turn are shown to influence PN development.
Clinical Trial Registration Number: NCT03022721
Disclosure: Z. Kender: None.



S469Diabetologia (2023) 66 (Suppl 1):S1–S536 

1 3

916
Cerebral dopamine receptor engagement and treatment response: 
a resting-state functional magnetic resonance imaging study in 
painful diabetic neuropathy
D. Selvarajah1, K.  Teh1, G.  Sloan1, S.  Pallai2, S.  Tesfaye1;
1Medical School, University of Sheffield, Sheffield, UK, 2Sheffield 
Teaching Hospitals NHS Foundation Trust, Sheffield, UK.

Background and aims: Importance The best we can hope for with 
pharmacotherapy is 50% pain relief in only half of patients with painful 
diabetic peripheral neuropathy (DPN). The reason for this poor treat-
ment response is poorly understood. We previously demonstrated bet-
ter target engagement of the opioid receptor network in patients who 
respond to neuropathic pain treatment. Engagement of the dopamine 
receptor network has not been examine previously. Objectives To exam-
ine alterations in resting state functional magnetic resonance imaging 
(RS-fMRI) in brain regions involved in pain control/regulation in pain-
ful DPN and determine if differences in dopamine receptor enriched 
functional connectivity (FC) predicts analgesic treatment response.
Materials and methods: Design and Participants 208 subjects (No 
DPN, n=38; Painless DPN, 45; Painful DPN, 88; HV, 36) underwent 
detailed clinical/neurophysiological assessments and RS-fMRI from June 
2017 and October 2021. Interventions Treatment response was assessed 
using intravenous lidocaine [5mg/kg dose over 60-minutes (maximum 
dose 300mg)] in 50 painful DPN subjects in an open labelled, single 
blind study. Responders reported at least a 30% reduction in an 11-point 
numeric rating pain scale (0=no pain and 10=worse pain imaginable) 
within a week after lidocaine treatment lasting for at least 3 weeks.RS-
fMRI analyses: High resolution in-vivo atlases of the molecular density 
distribution of dopamine receptors were used to enrich the RS-fMRI 
analysis. Comparisons between responders and non-responders RS-fMRI 
analysis were performed using the CONN (version 18.b) functional con-
nectivity toolbox software (Wellcome Trust Centre for Neuroimaging 
London, UK) and Matlab 2021a (the MathWorks, Natick, MA, USA).
Results: There were no statistically significant differences in demo-
graphic, clinical or neurophysiological assessments of DPN severity 
between responders and non-responders. The proportion of differ-
ent neuropathic pain medications used was also similar between the 
groups. Within the dopamine receptor network, responders had signif-
icantly greater dopamine transporter enriched FC in the anterior pre-
frontal cortex (Cluster 1: p-FDR=0.04; 6 voxels; -10,58,-8), orbital 
frontal cortex (Cluster 2: p-FDR=0.04; 6 voxels; 8,32,-20), anterior 
cingulate cortex (Cluster 3: p-FDR=0.04; 7 voxels; 0,24,34), primary 
somatosensory cortex (Cluster 4: p-FDR=0.02; 10 voxels; 56,-16,52) 
and midbrain (Cluster 5: p-FDR=0.009; 35 voxels; -2,-28,0)
Conclusion: Painful DN treatment responders have great target 
engagement of dopamine receptor systems compared to non-respond-
ers. Further analysis of the differential engagement of the dopamine 
receptor subtypes (D1-D5) will help us to elucidate different roles of 
these receptors and to develop therapeutic approaches for painful DN.
Supported by: EFSD/Lilly Programme
Disclosure: D. Selvarajah: None.

917
Abnormal combined DPN-check and Sudoscan results predict 
all-cause mortality in people with diabetes: the Sheffield prospec-
tive study
M. Goonoo1, D.  Selvarajah1, O. Binns-Hall2, G.  Sloan1, J.  Walker2, 
S.  Tesfaye3;
1Department of Oncology and Metabolism, University of Sheffield, 
Sheffield, UK, 2Department of Podiatry, Sheffield Teaching Hospi-
tals NHS Foundation Trust, Sheffield, UK, 3Academic Directorate 
of Diabetes and Endocrinology, Sheffield Teaching Hospitals NHS 
Foundation Trust, Sheffield, UK.

Background and aims: Diabetic peripheral neuropathy (DPN) has 
been associated with increased mortality; however, data is not availa-
ble for DPN objectively diagnosed by point-of-care-devices (POCDs) 
that are increasingly used. We therefore examined the association of 
POCD-diagnosed DPN with mortality in a prospective study.
Materials and methods: 245 consecutive people with diabetes (17 
type 1 diabetes, age 62.3+14.3) attending hospital/community reti-
nal-screening had all NICE-recommended care-processes in one-stop 
screening service. DPN assessment included Toronto Clinical Neu-
ropathy Score (TCNS) evaluation, 10g-monofilament test(10g-MFT) 
and two validated objective PCODs: ‘DPN-Check’ (handheld device 
measures sural-nerve conduction-velocity/amplitude) and SUDOSCAN 
(measures sudomotor-function). Mortality data was collected at 7-year 
follow-up. Kaplan-Meier survival curves and Cox-proportional hazards 
models were generated to assess associations of DPN measures with 
all-cause mortality.
Results: At follow-up, 52 [21.2% (SE:6.8%)] had died and 
those who died were older at screening [72.4(10.9) vs 9.6(13.9) 
years;(p<0.001(95%CI 8.6:16.9)]. The prevalence of screen-detected 
DPN was 12.6% (SE:4.4%) for 10g-MFT, 27.7% (SE:8.2%) for TCNS, 
and 33.4% (SE:9.1%) for combined POCDs. In crude Kaplan-Meier 
analyses all-cause mortality risk was greater in patients with abnor-
mal TCNS (log-rank, p<0.001) and POCDs (log-rank p<0.001); 
but was equivalent in patients with normal or abnormal 10g-MFT 
(log-rank p=0.21). After adjusting for age, HbA1c and Total-choles-
terol, only abnormal POCDs was significantly associated with all-
cause mortality[HR 1.18(p=0.04, 95%CI 1.00:1.39) vs TCNS HR 
1.33(p=0.06, 95%CI 0.99:1.78)].
Conclusion: This is the first prospective study to show abnormal 
combined DPN-Check and SUDOSCAN results predict all-cause 
mortality, even after adjustment for other risk factors. However the 
10g-MFT and TCNS that diagnose DPN late didn’t in this unse-
lected population.
Disclosure: M. Goonoo: None.

918
Neurochemical imaging identifies neuroprotection mechanisms 
counteracting excitotoxicity and neurovascular changes in the 
visual cortex of type 2 diabetic animal models
B. Caramelo1,2, T. Monteiro-Alfredo1,2, J.  Martins3,4, J.  Sereno4,5, J. 
 Castelhano4,6, B.  Manadas2,6, M. Castelo-Branco4, P.  Matafome1,2;
1Institute of Physiology, Faculty of Medicine, University of 
Coimbra, Institute of Clinical and Biomedical Research (iCBR), 
Coimbra, Portugal, 2Centre for Innovative Biomedicine and Bio-
technology (CIBB), University of Coimbra, Coimbra, Portugal, 
3Institute of Clinical and Biomedical Research (iCBR), Coimbra, 
Portugal, 4Coimbra Institute for Biomedical Imaging and Transla-
tional Research (CIBIT), Institute for Nuclear Sciences Applied 
to Health (ICNAS), University of Coimbra, Coimbra, Portugal, 
5Coimbra Chemistry Centre (CQC), Chemistry Department, Uni-
versity of Coimbra, Coimbra, Portugal, 6Centre for Neurosciences 
and Cell Biology (CNC), Faculty of Medicine, Polo 1, University 
of Coimbra, Coimbra, Portugal.

Background and aims: Obesity and type 2 diabetes (T2D) have 
metabolic and functional alterations in several brain regions. Nev-
ertheless, their temporal evolution is still ambiguous. Hence, we 
aimed to identify neurochemical mechanisms involved in the func-
tional alterations in the visual cortex on obesity and T2D and their 
potential as clinical biomarkers.
Materials and methods: Experimental groups (simple randomi-
zation): 1) Control group of male Wistar rats only fed standard diet 
(SD, 10 weeks); 2) high fat diet (HFD)-induced obese rats; 3) Obese 
rats induced to T2DM by a low dose (35 mg/kg, i.p.,  4th week) of 
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streptozotocin (STZ). Prior to the collection of the visual cortex for 
biochemical experiments, the rats were subjected to magnetic reso-
nance spectroscopy (MRS) and functional magnetic resonance imaging 
(fMRI) in various visual-related brain regions, including primary visual 
cortex (V1), lateral geniculate nucleus (LGN) and superior colliculus 
(SC). Statistical analysis performed by one-way analysis of variance 
(ANOVA) (normal distribution by the Shapiro-Wilk test) or Kruskal-
Wallis test (non-normal distribution); and Pearson correlation (Graph-
Pad Prism 8.0). p<0.05 was considered significant.
Results: In contrast to SC and LGN, under a luminous stimulus 
(LED), V1 presented a higher hemodynamic response in diabetic 
rats (p=0.226 vs SD), which was related with glutamate levels in 
the visual cortex (r=0.4491, p=0.0316). Despite the unaltered glu-
tamate levels in resting conditions, the levels of resting glutamine 
and glutamate-synthetising enzyme, glutaminase C, were enhanced 
in the HFD+STZ group (p=0.0613 vs SD; p=0.0252 vs SD, respec-
tively). Calcium/calmodulin-dependent protein kinase (CaMKII) 
was also elevated in this group, which, in theory, translates higher 
intracellular levels of calcium which have been reported to pro-
mote neuronal excitotoxicity. On the other hand, in the diabetic 
group, differently to gamma-aminobutyric acid (GABA), taurine 
presented higher levels (p=0.00326 vs HFD) in the visual cortex. 
The latter was related (r=0.4459, p=0.0380) with the elevated glu-
tamine (p=0.0252 vs SD). Taurine-agonistic GABA type A receptor 
 (GABAAR) was also elevated (p=0.0211 vs SD, p=0.0153 vs HFD).
Conclusion: In T2D, V1 hyperactivity and consequent excito-
toxicity promotes an adaptation mechanism through taurine and 
 GABAAR in the visual cortex, prior to comorbidities like glycation, 
oxidative stress, cerebral atrophy and loss of integrity in retina-
related brain regions.
Supported by: This project was granted by EFSD/Sanofi Pro-
gramme to which we acknowledge the great impact on our research
Disclosure: B. Caramelo: Grants; EFSD/Sanofi Programme.
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CILP2 deficiency ameliorates diabetes related myocardial injury 
by regulating inflammation and autophagy via AMPK pathway
L. Hu, K. Li;
Department of Endocrinology, Chongqing Medical University, 
Chongqing, China.

Background and aims: More than two-thirds of diabetic patients die 
of cardiovascular complications, and the hyperglycemia is the main 
cause of elevated susceptibility to cardiovascular complications in 
Diabetes. Cartilage Intermediate Layer Protein 2 (CILP2) is a novel 
secreted protein related to both Coronary atherosclerotic heart dis-
ease and type 2 diabetes, but its role in diabetes-related myocardial 
injury is still unclear. The aim of this study was to explore the pos-
sible impacts and potential mechanisms of CILP2 in diabetes related 
myocardial injury.
Materials and methods: The diabetic mice were induced by high fat 
diet combined with intraperitoneal injection of Streptozotocin (STZ). 
In vitro study, HL-1 cardiomyocytes were exposed to high concen-
tration glucose. Cardiac function was measured by echocardiogra-
phy, cardiac architecture and fibrosis were assessed by pathological 
staining, and the expressions of cardiac hypertrophy-related factors 
and autophagy-related factors were detected by real-time PCR and 
Western blot.
Results: The expressions of CILP2 in myocardium were increased 
in both ob/ob and db/db mice compared with that in wild type mice 
(P<0.05).Diabetes-induced cardiac dysfunction was characterized 
by myocardial hypertrophy and fibrosis, chronic inflammation and 
inhibited autophagy. In CILP2-knockout mice, diabetes-induced 
cardiac dysfunction was rescued by CILP2 deficiency, namely 
increased ejection fraction (EF%) and fractional shortening 
(FS%),decreased left ventricular end-systolic Diameter (LVEDs) 
and left ventricular end-diastolic diameter (LVEDd), accompa-
nied by decreased myocardial hypertrophy and fibrosis, as well 
as activation of autophagy(shown as up-regulated LC3 and ATG5 
expression, down-regulated P62 expression) (n=6,all P<0.05). 
Moreover, CILP2 deficiency also alleviated inflammation in myo-
cardial tissue of diabetic mice, which was manifested by decreased 
expressions of TNF-α,IL-1β,IL-6 and ICAM-1 (all P<0.05). In 
contrast, over-expression of CILP2 exacerbated hyperglycemia-
induced myocardial injury in diabetic mice, following with up-
regulated expressions of the inflammatory cytokines and reduced 
autophagic activation(P<0.05). In addition, similar changes were 
observed in  vitro. CILP2 over-expression advanced hypertro-
phy, inhibited autophagic activation, and aggravated inflamma-
tory response in high glucose cultured HL-1 cardiomyocytes (all 
P<0.05).Furthermore,CILP2 over-expression leaded to a further 
decrease in phosphorylated AMPK expression in high glucose cul-
tured HL-1 cardiomyocytes (P<0.05).AICAR ,the AMPK activa-
tor, eliminated its effect on high glucose cultured HL-1 cardio-
myocytes, as shown by the reduced expressions of inflammatory 
cytokines and increased autophagic activation (P<0.05).
Conclusion: CILP2 may be involved in the development of hypergly-
cemia-induced myocardial injury by regulating myocardial inflamma-
tion and autophagy via the AMPK pathway. This study could provide 
a novel potential insight in the treatment of diabetes-related cardio-
vascular complications.
Supported by: NNSF, NSFC
Disclosure: L. Hu: None.
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Beneficial effects of SGLT2i after acute myocardial infarction 
are independent of diabetes status: a sub-group analysis of the 
EMMY trial
F. Aziz1, A.  Oulhaj2, N.  Tripolt1, P.  Pferschy1, F. von-Lewinski1, D. 
von-Lewinski3, H.  Sourij1;
1Division of Endocrinology and Diabetology, Medical University of 
Graz, Graz, Austria, 2Department of Epidemiology and Population 
Health, Khalifa University, Abu Dhabi, United Arab Emirates, 3Divi-
sion of Cardiology, Medical University of Graz, Graz, Austria.

Background and aims: The EMpagliflozin after MYocardial infarc-
tion (EMMY) trial demonstrated that Empagliflozin, a sodium-glu-
cose cotransporter-2 inhibitor (SGLT2i), significantly improved struc-
tural and functional cardiac parameters in patients with recent acute 
myocardial infarction (AMI). However, it remains to be investigated 
whether these beneficial effects of SGLT2i after AMI differ signifi-
cantly between people with and without type 2 diabetes.
Materials and methods: The EMMY trial (N = 476) investigated 
the impact of Empagliflozin treatment (n = 237) initiated within 72 
hours of AMI compared to the standard post-MI treatment (n = 239) 
on N-Terminal brain natriuretic peptide (NT-proBNP) and several 
echocardiographic parameters for 26 weeks. Data on cardiac mark-
ers and other variables were collected at baseline (randomization), 
6 weeks, 12 weeks, and 26 weeks, respectively. In this sub-group 
analysis of the EMMY trial, we performed an interaction analysis to 
examine the presence of heterogeneity with respect to type 2 diabetes 
in the Empagliflozin treatment effect on NT-proBNP, left-ventricular 
ejection fraction (LVEF), E/é, left-ventricular end-systolic volume 
(LVESV), and left-ventricular end-diastolic volume (LVEDV).
Results: A total of 63 (13%) trial patients had type 2 diabetes. The 
proportion of patients with diabetes did not differ significantly 
between the Empagliflozin and the placebo group (13% vs. 14%, p = 
0.710). Patients with diabetes were not significantly different from 
those without diabetes with respect to age (59 ±10 vs. 58 ±10 years, 
p = 0.317), sex (men: 86%, women: 14% vs. men: 82%, women: 18%, 
p = 0.452), and history of coronary artery disease (10% vs. 11%, p = 
0.663). Empagliflozin treatment significantly improved NT-proBNP 
(p = 0.026), LVEF (p = 0.029), LVESV (p <0.001), LVEDV (p = 
0.001, and E/é (p = 0.015) compared to placebo over 26 weeks fol-
lowing AMI. The effect of Empagliflozin on NT-proBNP (interaction 
effect: -0.25, 95%CI: -0.70 ; 0.19, p = 0.268), LVEF (interaction 
effect: -0.69, 95%CI: -5.21 ; 3.82, p = 0.763), LVESV (interaction 
effect: 0.33, 95%CI: -13.23 ; 13.89, p = 0.961), LVEDV (interaction 
effect: 2.82, 95%CI: -18.27 ; 23.91, p = 0.792), and E/é (interaction 
effect: -0.88, 95%CI: -2.41 ; 0.65, p = 0.257) was not significantly 
heterogeneous between AMI patients with and without diabetes.
Conclusion: The positive effects of SGLT2i on heart failure and 
structural and functional cardiac parameters following AMI were 
not heterogenous in people with and without diabetes. The ongoing 
cardiovascular outcome trials investigating the role of SGLT2i in 
people with AMI will provide the definitive answer about the benefits 
of early use of this drug class in this population.
Clinical Trial Registration Number: NCT03087773
Disclosure: F. Aziz: None.

921
Lower NT-proBNP and higher cardiovascular risk factors in 
south Asian vs Nordic women 1-3 years after gestational diabetes
A. Sharma1,2, I.  Nermoen1,2, S. Lee-Ødegaard3,2, E.  Qvigstad3,2, H.L. 
 Gulseth4, S.T.  Sollid5, K.I.  Birkeland3,2, P.L.  Myhre1,2;
1Ahus, Lorenskog, Norway, 2University of Oslo, Oslo, Norway, 3Oslo 
University Hospital, Oslo, Norway, 4Norwegian Institute of Public 

Health, Oslo, Norway, 5Vestre Viken Drammen Hospital, Drammen, 
Norway.

Background and aims: Individuals of South Asian origin have 
higher CVD risk after gestational diabetes mellitus (GDM) than 
white Europeans. Lower natriuretic peptide (NP) levels have been 
linked to cardiovascular risk in insulin resistant populations. We 
aimed to compare ethnic differences in cardiac biomarkers and 
cardiovascular risk factors in women with normal glucose tolerance 
and prediabetes/diabetes, 1-3 years after GDM.
Materials and methods: We examined 179 South Asian (mean (SD) 
age 34.5 (4.2) yrs, BMI 29.3 (6.8) kg/m2, WHR 0.90 (0.06)) and 108 
Nordic (age 36.5 (4.9) yrs, BMI 29.0 (5.4) kg/m2, WHR 0.88 (0.09)) 
women living in Oslo, Norway, with clinical examination, fasting 
blood samples and OGTTs. We compared the levels of the cardiac 
biomarkers N-terminal pro B-type NP (NT-proBNP) and cardiac tro-
ponin T (cTnT), and cardiac risk factors, including lipoproteins and 
blood pressure, across categories of glucose tolerance. We also assessed 
insulin sensitivity by HOMA2-S and Matsuda insulin sensitivity index 
(Matsuda-ISI), and the inflammation markers interleukin 6 (IL-6), 
C-reactive protein (CRP) and growth differentiation factor (GDF) 15. 
Spearman correlation was used to estimate associations between NT-
proBNP and markers of cardiovascular risk or inflammation.
Results: In the total population, the median [Q1-Q3] concentration of 
NT-proBNP was 31 [17-50] ng/L, and 258 (90%) had undetectable lev-
els of cTnT. South Asian women had lower levels of NT-proBNP than 
Nordic women both in the normoglycaemic (median 30 vs 42 ng/L) 
and in the prediabetes/diabetes group (median 22 vs 44 ng/L). Levels 
of triglycerides were higher and HDL-cholesterol lower among South 
Asian women across glycaemic status, and Lp(a) were also higher in 
the group with prediabetes/diabetes. Markers of insulin sensitivity were 
lower, and several inflammatory markers were higher in South Asian 
vs Nordic women. In the total population, NT-proBNP correlated with 
fasting insulin (r=-0.41, p<0.001), HOMA2-S (r=0.41, p<0.001), and 
Matsuda-ISI (r=0.46, p<0.001) independent of glucose tolerance. In 
Nordic women with prediabetes/diabetes, NT-proBNP correlated with 
WHR (r=0.32, p=0.022). NT-proBNP did not correlate with BMI or 
the tested inflammation markers. There were no significant differences 
in cTnT levels between the groups, and cTnT levels did not correlate 
with markers of insulin sensitivity or inflammation.
Conclusion: We discovered major differences in the levels of NT-
proBNP between South Asian and Nordic women examined 1-3 
years after GDM. These differences were independent of glycaem-
ica status, but significantly associated with markers of insulin sen-
sitivity. Whether this finding of lower NT-proBNP in South Asians 
after GDM is an early marker of CVD deserves further studies.

Supported by: The Research Council of Norway
Disclosure: A. Sharma: None.
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Hypoglycaemia decreases myocardial work efficiency and 
increases dyssynchrony in left ventricular segmental contrac-
tions in individuals with and without diabetes
C.R. Andreasen1,2, A.  Andersen1,2, P.G.  Hagelqvist1,2, K. 
 Maytham1, M. Sengeløv3, F.K.  Knop1,2, T. Biering-Sørensen3, F.J. 
 Olsen3, T. Vilsbøll1;
1Clinical Reseach, Steno Diabetes Center Copenhagen, Herlev, 
Denmark, 2Center for Clinical Metabolic Research, Gentofte Hos-
pital, Gentofte, Denmark, 3Department of Cardiology, Gentofte 
Hospital, Gentofte, Denmark.

Background and aims: Hypoglycaemia has been associated with cardio-
vascular disease (CVD) and mortality in individuals with diabetes, but the 
potential underlying mechanisms remain unclear. Mechanical dispersion 
(MD) describes heterogeneity in ventricular contraction patterns and has 
been shown to predict ventricular arrhythmic risk. Myocardial work (MW) 
is a novel non-invasive method to quantify the energetic myocardial per-
formance. We investigated MD and MW indices during acute changes in 
glycaemia to identify putative mechanisms linking glycaemia and CVD.
Materials and methods: We estimated the relationship between gly-
caemia and MD and MW indices in individuals with type 1 diabetes, 
type 2 diabetes and without diabetes by including echocardiographic 
data from three clamp studies with acute changes in glycaemia. MD was 
measured by speckle-tracking echocardiography. MW measures (global 
work index (GWI), constructive work (GCW), wasted work (GWW) and 
work efficiency (GWE)) were derived from pressure-strain loop analyses.
Results: We analysed data from 84 individuals: 20 young individuals 
with type 1 diabetes (age [mean±SD]: 30±8 years); 24 middle-aged indi-
viduals with type 1 diabetes (age: 53±12 years); 21 elderly individuals 
with type 2 diabetes (63±7 years), and 21 older controls (62±8 years). 
GWE decreased linearly with a decline in plasma glucose (p<0.001) 
(Fig. 1), whereas GWW increased linearly (p<0.001). GWI and GCW 
showed a curvilinear relationship with higher indices during hypogly-
caemia and hyperglycaemia compared to euglycaemia (p<0.05 for all). 
MD increased linearly with declining plasma glucose levels (p<0.05).
Conclusion: Hypoglycaemia increases constructive myocardial work 
but reduces myocardial energy-efficiency and induces more heterogene-
ous left ventricular contractions, which may promote cardiac ischae-
mia and arrhythmias in the vulnerable myocardium. In contrast, acute 
hyperglycaemia leads to a more energy-effective myocardium with 
more homogeneous left ventricular contractions.

Clinical Trial Registration Number: NCT05500352
Supported by: NNF
Disclosure: C.R. Andreasen: None.

923
Associations between arterial basement membrane proteins, clini-
cal characteristics and follow-up events after coronary artery 
bypass graft operations in type 2 diabetes
A.-S.A. Faarvang1,2, M.  Overgaard1,2, P.S.  Jensen1, L.B.  Steffensen3, 
L.P.S.  Riber4,2, L.M.  Rasmussen1,2;
1Clinical Biochemistry, Odense University Hospital, Odense, Den-
mark, 2Clinical Research, University of Southern Denmark, Odense, 
Denmark, 3Cardiovascular and Renal Research, University of South-
ern Denmark, Odense, Denmark, 4Cardiac, Thoracic and Vascular 
Surgery, Odense University Hospital, Odense, Denmark.

Background and aims: Despite the large impact of type 2 diabetes on 
cardiovascular diseases (CVD), the molecular pathology of arteries in 
diabetes is largely unknown. Previously, we found increased amounts 
of basement membrane proteins (collagen type IV and laminin) in a 
relatively small number of diabetic arteries by discovery proteomics. 
The arterial basement membrane is situated around all endothelial and 
smooth muscle cells and regulates the state of vascular cells. Genetic 
variation in the collagen IV gene is associated with development of 
CVD, as shown in large GWAS studies. Here we hypothesize that the 
diabetic environment, i.e. glycemic status, is associated with accumula-
tion of arterial collagen IV and laminin as part of a generalized diabetic 
vasculopathy; changes that may predict future CVD events.
Materials and methods: We included 669 patients (159 with type 2 
diabetes and 510 controls) undergoing coronary artery bypass graft 
operation (CABG) at Odense University Hospital from 2008-2018. 
Samples from the repair artery, the internal thoracic artery, were 
stored as formalin fixed paraffin embedded (FFPE) tissue. In slices 
of this material we quantitated 17 proteins (34 peptides) using tar-
geted proteomics by liquid chromatography tandem mass spectrom-
etry (LC-MS/MS) in individual samples. Patients were included as 
an open cohort with varying follow-up time (max. thirteen years). 
Clinical data were gathered at baseline and follow-up data regarding 
death, comorbidities and medicine consumption was retrieved from 
Danish National Registries.
Results: We observed significantly increased protein levels (nor-
malized) of collagen IV in patients with type 2 diabetes vs. controls 
(collagen IV α1: median area ratio: 2.37 (non-diabetes) vs. 2.77 
(diabetes), p=0.002 and collagen IV α2: median area ratio: 1.37 
(non-diabetes) vs. 1.52 (diabetes), p=0.036). Laminin was also 
upregulated (median area ratio: 1.01 (non-diabetes) vs. 1.26 (dia-
betes), p<0.001). Fourteen other proteins were not significantly 
altered. Individuals with type 2 diabetes (n=159) had a higher risk 
of all-cause mortality (hazard ratio: 1.89, p=0.001). Arterial base-
ment membrane proteins correlated with HbA1c. These and other 
clinical relationships will be displayed.
Conclusion: We present quantitative analysis of tissue proteins from 
a large number of human arterial tissue samples using targeted prot-
eomics. We observed increased amounts of the basement membrane 
components collagen type IV and laminin in arteries from patients with 
type 2 diabetes, which correlated to HbA1c. The accumulation of arte-
rial basement membranes represent a generalized diabetic vasculopathy, 
which may form a basis for accelerated atherogenesis, calcifications, 
arterial stiffness and vascular shrinkage as seen in type 2 diabetes.
Supported by: SDCO PHWF SDU OUH
Disclosure: A.A. Faarvang: Grants; Ship owner Per Henriksen R. 
and Wife Foundation, Steno Diabetes Center Odense, Odense Univer-
sity Hospital PhD Grant, University of Southern Denmark PhD Grant.
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Coronary artery disease (CAD) in type 2 diabetes and association 
with social disadvantage: a 50 year perspective
K. McCay1, J.J. Warner-Levy2, A.H.  Heald3;
1Manchester Metropolitan University, Manchester, UK, 2The Uni-
versity of Manchester, Manchester, UK, 3Diabetes & Endocrinology, 
Salford Royal Hospital, Manchester, UK.

Background and aims: It is well established that people at greater 
social disadvantage are more likely to develop type 2 diabetes 
(T2D). It is also known that social disadvantage is associated with 
a higher prevalence of cardiovascular disease (CVD). Here we 
examined how the development of symptomatic CAD in T2D may 
associate with social disadvantage.
Materials and methods: This study utilised diabetes patients/matched 
controls enrolled in the Diabetes Alliance for Research in England 
(DARE) study where pre-and post-diagnosis longitudinal data was avail-
able for trajectory analysis. We analysed the health records of 1196 peo-
ple with T2D recruited to the study between 2007 and 2017. We analysed 
the cumulative proportion of people with diagnosed CAD in their general 
practice (GP) record (defined as coded angina, myocardial infarction 
(MI), heart failure, CABG or coronary angioplasty) mapped by quintile 
of social disadvantage over a 25-year period prior to the age of diagnosis 
with T2D and for up to 25 years after diagnosis, with a parallel analysis 
for diagnosis of lower respiratory tract infection (RTI) as a comparator 
group. Comparison of social disadvantage quintiles was by ANOVA.
Results: Mean age of diagnosis of T2D was 52.9 years (95% CI 52.0 to 
53.8). At last follow-up by quintile of disadvantage, proportion (%) of 
people with diagnosed CAD (denoted as ‘heart condition’ in the Figure) 
was for quintile 1 (least disadvantaged): 6.4%, quintile 2: 4.0%; quintile 
3: 6.1%; quintile 4: 9.8%, quintile 5: 11.0% (F 3.4, p=0.01 for difference 
between quintiles). For RTI the corresponding % diagnosed with RTI were 
for quintile 1: 12.0%, quintile 2: 8.7%, quintile 3: 13.1%, quintile 4: 17.0%, 
quintile 5: 21.7% (F 4.2, P 0.008 for difference between the quintiles).
Conclusion: We have here built on previous findings to demonstrate 
that social disadvantage is associated with more adverse cardiac out-
comes over time in people with T2DM, with a similar pattern seen 
for RTI. The determinants of health outcomes are complex. Measures 
that reduce social inequality have the potential in the longer term, to 
reduce the social gradient in health outcomes described here.

Disclosure: K. McCay: None.

925
Prevalence of heart failure in patients with diabetes: a Swiss-
Diab study
F. Renström, L. Knaus, M. Quarella, M. Buser, M.T. Maeder, M. 
Brändle, SwissDiab Study Group;
Cantonal Hospital St. Gallen, St. Gallen, Switzerland.

Background and aims: Sodium-glucose co-transporter 2 inhibitors 
(SGLT2i) have been shown to significantly reduce the risk of hospitali-
zation for heart failure (HF) and death from cardiovascular causes in 
patients with diabetes and HF. Accordingly, diabetes guidelines recom-
mend SGLT2i as first-line therapy in the presence of HF (specifically 
HF with reduced ejection fraction [HFrEF], but recent clinical trials 
have shown clear risk reduction also in HF with mildly reduced [HFm-
rEF] or preserved [HFpEF] ejection fraction). However, the diagnosis 
of HF is challenging and the condition often remains undetected and 
the prevalence in diabetes is unclear. The aim of this study was to 
evaluate the prevalence of HF in patients with diabetes enrolled in the 
Swiss Diabetes Registry (SwissDiab) and the proportion prescribed 
SGLT2i, to help determine the need to reinforce clinical treatment 
guidelines and establish regular screening of HF.
Materials and methods: SwissDiab is a multicenter longitudinal obser-
vational study of outpatients with diabetes in tertiary care. The current 
study was a single-centre project. All patients with an annual Swiss-
Diab visit between 28.09.2020 and 31.03.2022 were screened for HF 
according to a standardized protocol based on the diagnostic algorithm 
established by the European Society of Cardiology. Patients with ≥1 
risk factor and/or symptoms of HF and NT-proBNP ≥125 ng/L were 
referred to the Division of Cardiology for echocardiography and a clini-
cal evaluation of HF, further stratified by HFpEF, HFmrEF, and HFrEF. 
LDL-cholestrol was estimated based on the Friedewald equation. The 
study was approved by the regional Ethics Committee East Switzerland 
and all SwissDiab participants provided written informed consent.
Results: Out of 555 patients with a SwissDiab visit during the screen-
ing period, 534 (96.2%) had data available for analysis: 168 with type 1 
diabetes (T1D); 319 with type 2 diabetes (T2D), and 47 with other forms 
of diabetes (other). The median (IQR) age was 61.0 (49.2-69.1) years, dia-
betes duration 14.0 (8.0-21.0) years, BMI 28.4 (25.0-32.4) kg/m2, HbA1c 
7.1 (6.6-7.8)%, LDL-cholesterol 2.1 (1.6-2.9) mmol/L, 161 (30.1%) were 
females, and 116 (21.7%) were current smokers. Of the 534 patients evalu-
ated, 60 (11.2%) had HF (prevalence by diabetes type: T1DM, n=4 [2.4%]; 
T2DM, n=51 [16.0%]; other, n=5 [10.6%]), of which 34 (56.7%) presented 
with HFpEF, 7 (11.7%) with HFmrEF, and 19 (31.7%) with HFrEF. Of 
the identified cases of HF, 36 (60.0%) were diagnosed as a result of the 
screening (HFpEF, n=28 [77.8%]; HFmrEF, n=4 [11.1%], HFrEF, n=4 
[11.1%]) of which the majority (83.3%) had T2D. Of the 60 patients with 
HF, 19 (31.7%) were prescribed SGLT2i (HFpEF, n=7 [36.8%]; HFmrEF, 
n=2 [10.5%]; HFrEF, n=10 [52.6%]). Of the 24 patients with a previously 
known diagnosis of HF, 50% were treated with SGLT2i (2 out of 3 patients 
with HFmrEF and 10 out of 15 patients with HFrEF). All of the patients 
with HF that were treated with SGLT2i had T2D.
Conclusion: Roughly, one in ten patients enrolled in SwissDiab had HF, and 
one in six patients with T2D. Among patients with known HFrEF, two out 
of three were prescribed SGLT2i, as compared to less than one out of three 
patients with HF overall. Given that a majority of patients with HF were 
undiagnosed, and that half of the patients with previously known HF did 
not receive SGLT2i treatment, the current findings indicate a need to raise 
the awareness of HF and recommended treatment in daily clinical practice.
Clinical Trial Registration Number: NCT01179815
Supported by: Research Committee of the Kantonsspital St. Gallen 
(Grant number, 20/26), Vontobel-Stiftung (FR)
Disclosure: F. Renström: Grants; Vontobel-Stiftung, Research Com-
mittee of the Kantonsspital St. Gallen (Grant number 20/26). Other; 
SwissDiab is supported by unrestricted grants from pharma companies.

926
Temporal shift in heart failure medications prescribed to hospi-
talised patients with and without diabetes in a large US integrated 
health system
C. Granowitz1, S.  Chiu2, D.  Rider3, P.  Tseng4, J.  Mudd5, J.  Remick2, S. 
 Sikirica1, A.  Carroll1, M.  Canonico6, J.  Hsia6, M.  Bonaca6, T.J.  Gluckman2;
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1Lexicon Pharmaceuticals, Inc., The Woodlands, TX, USA, 2Providence 
Heart Institute, Portland, OR, USA, 3Providence Research Network, 
Missoula, MT, USA, 4University of Arizona College of Medicine, Tuc-
son, AZ, USA, 5Providence Sacred Heart Medical Center, Spokane, 
WA, USA, 6University of Colorado Health, Denver, CO, USA.

Materials and methods: We performed a retrospective cross-sectional 
analysis of patients admitted to a large integrated health system within 
the western US between January 1, 2018 and October 1, 2022 with a 
principal diagnosis of HF (defined by International Classification of 
Diseases, Tenth Revision [ICD-10] codes: I50.2, systolic heart failure; 
I50.3, diastolic heart failure; I50.4, combined systolic and diastolic 
heart failure; I11.0, hypertensive heart disease with heart failure; 
and I13.0 and I13.2, hypertensive heart disease with heart failure 
and chronic kidney disease). Prescription rates for HF medications 
(evidence-based beta blocker, angiotensin converting enzyme [ACE] 
inhibitor/angiotensin receptor blocker [ARB]/angiotensin receptor 
neprilysin inhibitor [ARNI], mineralocorticoid receptor antagonist 
[MRA], and sodium-glucose cotransporter-2 [SGLT2] inhibitor) were 
assessed at discharge. Statin prescription was used as a benchmark.
Results: Over nearly 5 years, 61,238 HF hospitalizations occurred, 
involving 43,234 patients, with 76% having only 1 hospitalization. 
Prescription rates for an evidence-based beta blocker and MRA 
were largely unchanged over time for those with and without DM 
(Figure). A small increase in ARNI prescriptions was offset by a 
proportionate decrease in ACE inhibitor and ARB prescriptions. 
SGLT2 inhibitor prescriptions increased the most over time, with 
greater absolute increases among those with DM, greater relative 
increases among those without DM, and the largest year-over-year 
increase between 2021 and 2022. Rates of statin prescriptions were 
essentially unchanged over time (74% vs 74% among those with 
DM and 52% vs 53% among those without DM in 2018 and 2022, 
respectively).
Conclusion: SGLT2 inhibitor prescriptions saw clinically impor-
tant increases over time. Despite this, there remains substantial 
opportunity to increase use of this and other GDMT among those 
with and without DM hospitalized with HF.

Disclosure: C. Granowitz: None.

927
Comparison of SGLT2 inhibitors versus DPP-4 inhibitors as 
combination with metformin in patients with acute myocardial 
infarction with diabetes
Y. Lyu1, S.  Oh2, J.  Kim1, M.  Jeong2, S.  Kim1;
1Endocrinology and metabolism, Chosun university hospital, 
Gwangju, Republic of Korea, 2Department of Cardiology, Chonnam 
National University Hospital, Gwangju, Republic of Korea.

Background and aims: Sodium-glucose co-transporter 2 inhibitors 
(SGLT2is) have proven cardiovascular benefits in patients with type 
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2 diabetes, but real-world evidence, expecially in acute myocardial 
infarction (AMI), is not sufficient. This study was designed to evalu-
ate cardiovascular outcomes by comparing SGLT-2 inhibitors versus 
DPP-4 inhibitors as second-line therapy in combination with met-
formin in type 2 diabetic patients with AMI.
Materials and methods: Among 15,628 consecutive patients from the 
Korea Acute Myocardial Infarction Registry-V (KAMIR-V) registry, 
we identified 779 subjects with type 2 diabetes who were receiving 
combination of metformin plus DPP-4 inhibitor and metformin plus 
SGLT2 inhibitor. The primary endpoint was 1 year of major adverse 
cardiac and cerebrovascular events (MACCEs), composite of all-cause 
mortality, non-fatal myocardial infarction, any revascularization, cer-
ebrovascular accident, and stent thrombosis, and all other clinical 
outcomes were analyzed. To correct selection bias and adjust for con-
founders, two propensity score weighting methods including propensity 
score matching (PSM) and inverse probability of treatment weighting 
(IPTW) were performed.
Results: After PSM and IPTW, SGLT2 inhibitor did not result in a 
lower rate of MACCEs compared with DPP-IV as combination with 
metformin (PSM; hazard ratio [HR], 0.84; 95% confidence interval 
[Cl], 0.36 to 1.94, P=0.684, IPTW; HR, 0.6; 95% Cl, P=0.237). After 
IPTW, SGLT2 inhibitor resulted in a lower rate of anyvascularization 
than DPP-4 inhibitor (HR, 0.40; 95% Cl, 0.17 to 0.94, P=0.036), 
but there was no between-group difference in myocardial infarction, 
cerebrovascular accident. After IPTW, left ventricle systolic function 
was significantly improved in patients treated with SGLT2 inhibitors 
compared with DPP4 inhibitors.
Conclusion: Our findings demonstrated that SGLT2 inhibitor did 
not result in a higher or lower rate of MACCEs compared with DPP4 
inhibitor as combination with metformin in patients with AMI and con-
comitant diabetes mellitus, but improved myocardial systolic function.

Disclosure: Y. Lyu: None.

928
Potential different effects of metformin, empagliflozin and sema-
glutide against hyperglycaemia-induced cardiac damage: prelimi-
nary results of an in vitro study
P. Senesi1,2, A.  Ferrulli1,2, I.  Terruzzi1,2, L.  Luzi1,2;
1Univesità degli Studi di Milano, Milano, Italy, 2Department of Endo-
crinology, Nutrition and Metabolic Diseases, IRCCS MultiMedica, 
Milano, Italy.

Background and aims: Hyperglycaemia-induced cardiac damages 
contribute to reduce the quality of life of patients with Type 2 Diabe-
tes (T2D) and raise the risk of premature death. In the last decade, the 
development of new glucose lowering drugs represented a revolution in 
T2D care: sodium-glucose cotransporter-2 inhibitors (SGLT-2is) and 
glucagon-like peptide 1 receptor agonists (GLP1-RAs) have a “multi-
ple beneficial effect” on glycaemic control, body weight decrease, and 
cardiovascular complications. Currently, the possible cardioprotective 

action of metformin (M) is re-evaluating. If clinical benefits on cardio-
vascular system are established, the underlying molecular mechanisms 
triggered by metformin, SGLT2is and GLP1-RAs on cardiac cells remain 
even now elusive. Preliminary studies indicate that AMPK, a key player 
involved in mitochondrial health and oxidative stress, is the common 
target of SGLT-2is, GLP-1RAs and metformin, but their different car-
dioprotective effects suggest that these drugs may act differently on 
AMPK-related pathways. Therefore, the aim of the study was to better 
understand the cardioprotective mechanisms differently modulated by 
SGLT-2i-empagliflozin (E), GLP-1RA-semaglutide (S) against hyper-
glycaemia-induced cardiac damage in an H9c2 cardiac cell model.
Materials and methods: H9c2 cardiomyoblasts (immature cardiac 
cells) were exposed to chronic high glucose concentrations (33 mM) 
for 48 h (HG). Thereafter, cells were treated with M (400 μM) or E 
(500 nM) or S (100 nM) for an additional 24 h. Control cells were 
cultured under normoglycemic condition (5.5 mM glucose=NG).
Results: All three drug molecules differently mitigated high glucose-
induced oxidative stress and above all mitochondrial oxidative stress, 
evaluated with specific fluorescent probes for reactive oxygen species 
(ROS). Specifically, E shows a better antioxidant efficacy compared to S 
and above all M, which is associated with the lower ROS reduction. In the 
same manner, the morphology damages induced by hyperglycaemia were 
significantly mitigated by E and S; only a trend of mitigation has been 
observed with M. Cellular vitality were significantly reduced by HG com-
pared to NG, all drug molecules similarly counteracted this condition. First 
data obtained by western blot analysis indicated that E effect is mediated 
by AMPK activation, that was observed, to a lesser extent, in M condition, 
whereas S cardioprotective action was associated with AKT activation.
Conclusion: Our preliminary results suggest that the cardioprotection 
action of M, E and S may act on different cellular pathways, explaining 
the different in vivo effects on cardiovascular system, and they need to 
be further investigated also in order to optimize the combined therapy.
Disclosure: P. Senesi: None.

929
Association of echocardiographic parameters and diabetic foot 
examination with risk of heart failure and all-cause mortality: a 
prospective observational study
D.S. Tesic1, D.D.  Andric2, M.  Petrovic2, A.  Ilic2, T.  Miljkovic2, J. 
 Dejanovic2, T.  Popov2, M.T.  Tomic3, S.P.  Andric2, M.D.  Tomic4;
1Clinical Centre and Medical Faculty, Novi Sad, Serbia, 2Clinic of 
Cardiology, Institut for Cardiovascular Diseases, Sremska Kamenica, 
Serbia, 3Clinic of Plastic Surgery, Novi Sad, Serbia, 4Clinic of Hae-
matiology, Novi Sad, Serbia.

Background and aims: Previous cross-sectional studies have shown 
an association between peripheral neuropathy and peripheral vascular 
disease with cardiovascular events in diabetes mellitus. The aim of 
this prospective study was to determine the role of echocardiographic 
examination, established neurological modalities and lower extremity 
arterial disease (LEAD) in the prediction of risk for heart failure with 
reduced (HFrEF) and mildly reduced ejection fraction (HFmrEF) and 
death in a cohort of individuals with diabetes mellitus (DM).
Materials and methods: People who attended a specialist service for 
review were included between September 2008-2010 and September 
2022. Standard transthoracic echocardiographic measurements were 
performed mostly within the last 3 years. The vibration perception 
threshold (VPT) was measured with a semiquantitative tuning fork 
C128 and the neuropathy disability score (NDS) was recorded. Lower 
extremity arterial disease (LEAD) was defined with ABPI >1.4 or 
<0.8 or continuous wave Doppler monophasic curve. The presence 
of ischemic heart (IHD) and ischemic cerebrovascular disease (ICD) 
were documented.
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Results: Of 123 people, during the 12-year follow-up, 38 (30.9%) 
developed HFrEF or HFmrEF (annual incidence 2,57%), and 66 
(53.7%) in the meantime died (annual incidence of 4.47%). Com-
pared with people with preserved EF, those with HFrEF or HFmrEF 
were more frequently male (76.3 vs. 55.6%; p 0.01), with similar 
age at the beginning of the study (66.6±6.9 vs. 67.2±6.7 years, p 
0.63) but younger at the end of the study (72.1±8 vs. 76.0±7.2, p 
0.01) and with more frequent death during the follow-up period 
(68.4% vs. 46.9%, p 0.01). Compared with people still alive at the 
end of follow-up, those who deceased were more frequently male 
(71.2 vs. 50.9%, p 0.01), with similar age at the beginning of the 
study (67.2±7.9 vs. 66.7±5.0 years, p=0.66) but younger at the end 
of the study (71.8±8.3 vs. 77.9±5.0, p<0.01). Multivariate Cox-
regression analysis included all factors associated with HFrEF and 
HFmrEF in univariate analyses (P<0.1) and demonstrated that the 
risk (hazard ratio, 95% confidence intervals) of HFrEF and HFmrEF 
increased significantly with IHD (2.3, 1.14-4.64, p=0.02) or larger 
left ventricular internal dimensions in end-diastole (LVIDd) (1.11, 
1.07-1.16, p<0.01) or shorter DM duration (0.96, 0.92-1, p=0.03). 
The risk of death in multivariate Cox-regression analysis was also 
associated with larger LVIDd (1.08, 1.04-1.12, p<0.001), shorter DM 
duration (0.9, 0.91-0.97, p<0.001) and also with having ICD (2.2, 
1.2-3.9, p=0.01) or LEAD (1.9, 1.1-3.4, p=0.02) or NDS (2.3, 1.3-
4.0, p=0.03) and increased waist circumference (1.03, 1-1.16, 0.07).
Conclusion: Our data showed associations between the HFrEF and 
HFmrEF and premature death with IHD and lower extremity neu-
rovascular disease. Earlier detection of such changes in the course 
of DM reinforces the need to strive to optimize cardiovascular and 
metabolic control.
Disclosure: D.S. Tesic: None.

SO 83 Predicting cardiovascular events 
in diabetes
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Mid-regional pro-adrenomedullin predicts cardiovascular events 
and mortality in patients with type 2 diabetes independently of 
subclinical inflammation and organ damage
E. Gauffin1, S.  Chisalita1,2, J.  Engvall1,3, F. Nyström1,2, C. Östgren1,4;
1Department of Health, Medicine and Caring Sciences, Linköping, 
Sweden, 2Department of Endocrinology, Linköping, Sweden, 
3Department of Clinical Physiology, Linköping, Sweden, 4Centre 
for Medical Image Science and Visualization, Linköping, Sweden.

Background and aims: Patients with type 2 diabetes have a substan-
tially increased risk for cardiovascular disease compared to the gen-
eral population. MR-proADM is a marker of endothelial dysfunction, 
which refers to the loss of physiological properties of the endothelium 
and is a part of the atherosclerotic process. In patients with type 2 
diabetes, hyperglycemia and hyperinsulinemia may cause endothelial 
dysfunction, which in turn is associated with cardiovascular disease. 
The aim of this study is to investigate the predictive value of plasma 
mid-regional pro-adrenomedullin (MR-proADM) for cardiovascular 
disease (CVD) and mortality in a middle-aged population with type 
2 diabetes.
Materials and methods: MR-proADM was measured in 682 patients 
with diabetes who participated in a prospective cohort study in pri-
mary care during 2005-2008 (CARDIPP). Data on end-point events, 
including major adverse cardiovascular events (MACE) and all-cause 
mortality, were retrieved from the Swedish Cause of Death Registry 
and the Inpatient Register.
Results: During a median follow-up time of 11.1 years, MACE 
occurred in 109 patients and 100 died. In the crude model, MR-
proADM was significantly associated with MACE (HR 6.85, 95%CI 
2,62-17.89; p<0.001) and all-cause mortality (HR 6.62, 95% CI 2.42-
18.07; p<0.001). The significance remained after adjustment in dif-
ferent models including commonly used cardiovascular risk factors, 
markers of subclinical cardiovascular organ damage and markers of 
inflammation.
Conclusion: Elevated levels of MR-proADM predicted MACE and 
all-cause mortality independently of established cardiovascular risk 
factors and subclinical organ damage in patients with type 2 diabetes. 
Our results suggest the potential of using MR-proADM in future risk 
stratification algorithms for cardiovascular risk assessment in patients 
with type 2 diabetes.

Clinical Trial Registration Number: NCT01049737
Disclosure: E. Gauffin: None.
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Network analysis of circulating microRNAs reveals novel thera-
peutic targets in subjects with type 2 diabetes and cardiovascular 
disease
G.E. Grieco1, Z.M.  Besharat2, A.  Mori3, S.  Trocchianesi2, L.  Farina4, 
M.  Petti4, C.  Alfano2, S.  Auddino1, M.  Bruttini3, A.  Po5, L.  Nesti6, A. 
 Natali6, G.  Sebastiani1, E.  Ferretti2, F.  Dotta1;
1Diabetes Unit-Dept. of Medicine, Surgery and Neuroscience, Uni-
versity of Siena, Siena, Italy, 2Dept. of Experimental Medicine, Sapi-
enza University of Rome, Roma, Italy, 3Regional Centre for Precision 
Medicine, (CReMeP), Siena, Italy, 4Dept. of Computer, Control and 
Management Engineering, Sapienza University of Rome, Roma, Italy, 
5Dept. of Molecular Medicine, Sapienza University of Rome, Roma, 
Italy, 6Dept. of Clinical and Experimental Medicine, University of 
Pisa, Pisa, Italy.

Background and aims: Type 2 diabetes (T2D) significantly increases 
the risk of life-threatening cardiovascular disease (CVD). MicroRNAs 
(miRNAs) are involved in the pathogenesis of both T2D and CVD, in 
target tissues and circulation. Circulating miRNAs form complex molec-
ular interactions with multiple genes and with other functionally related 
miRNAs, both in origin tissue and in target cells. Standard statistical 
analysis expression tools (i.e. differential expression) may not fully cap-
ture the complexity of such miRNA networks, potentially overlooking 
pivotal mediators and biomarkers of disease processes. Here we aimed 
to identify functionally related complex miRNA networks representing 
potential biomarkers or therapeutic target of CVD in patients with T2D.
Materials and methods: Total RNA was extracted from plasma-
EDTA samples of n=40 subjects with T2D (age: 63±8.3; BMI: 
29.5±4.8; sex (M/F): 20/20; T2D duration: 6.7±6.3) and n=40 with 
T2D and CVD (age: 63.7±5.4; BMI: 28.7±3.8; sex (M/F): 32/8; T2D 
duration: 8.2±7.8). Small RNA sequencing was performed using 
QIAseq miRNA library kit and sequenced in NovaSeq 6000. Raw 
data were analysed using sRNA bench bioinformatic pipeline. Co-
expression networks were inferred using Spearman Rho (threshold 
(±)0.7) and used for community detection (Louvain method) and 
for differential network highlighting miRNA pairs differentially co-
expressed among T2D-CVD and T2D. MiRNAs resulting from Net-
work analyses were subjected to target gene pathways enrichment 
analysis (Diana miRpath, p<0.05) and correlated (padj<0.05) with 
clinical parameters and pro-inflammatory/growth factor circulating 
molecules measured using Bioplex in the same plasma samples.
Results: A total of 271 circulating miRNAs were detected in analysed 
plasma samples. miRNAs network analysis identified a community 
of highly interconnected miRNAs (n=34) in T2D-CVD subjects but 
not in T2D without CVD, and involved in inflammatory pathways 
in diabetic cardiomyopathy (i.e. TGF-β p=0.00003, TNF p=0.01, 
mTOR signalling pathways p=0.00005). Differential network analysis 
identified n=3 hub miRNAs (let-7a-5p, miR-132-3p, miR-1306-3p) in 
T2D-CVD but not in T2D without CVD, all involved in Hippo signal-
ling pathway (p=0.00007) implicated in inflammation, vascular tissue 
remodeling and cardiac regeneration in CVD. Correlation analyses 
revealed significant association of let-7a-5p and miR-1306-3p hub 
miRNAs with circulating PAR-1, CXCL1, SIRT2 and NEMO, all 
upstream or downstream of the activation of Hippo signaling pathway.
Conclusion: miRNA network analysis reveals the involvement of 
a specific community of miRNAs and hub networks in regulating 
the Hippo signaling pathway, previously shown to be important 
for cardiovascular remodeling and regeneration. Therefore, our 
findings open up new avenues for modulating this pathway through 
specific circulating miRNAs.
Supported by: Italian Ministry of University and Research (PRIN 
Prot. 201793XZ5A); PON “Ricerca e Innovazione” 2014-2020 
(ARS01_01270-IDF SHARID)
Disclosure: G.E. Grieco: None.

932
Acute-to-chronic glycaemic ratio as a mortality predictor in 
ischaemic stroke
E. Climent1,2, A. Rodriguez-Campello3,2, S.  Ballesta1,2, J. Jiménez-
Conde3,2, G. Llauradó1,4, E.  Cuadrado3,2, Á.  Ois3,2, F.G.  Cambi1, J.A. 
 Flores1,2, J.J. Chillarón1,2;
1Endocrinology and Nutrition, Hospital del Mar, Barcelona, Spain, 
2IMIM (Hospital del Mar Medical Research Institute), Barcelona, 
Spain, 3Neurovascular Research Group, Neurology Department, 
Hospital del Mar, Barcelona, Spain, Hospital del Mar, Barcelona, 
Spain, 4Centro de Investigación Biomédica en Red de Diabetes y 
Enfermedades Metabólicas Asociadas (CIBERDEM), Instituto de 
Salud Carlos III, Madrid, Spain.

Background and aims: Elevated plasma glucose levels are common in 
patients suffering acute ischaemic stroke, and acute hyperglycaemia has 
been defined as an independent determinant of adverse outcomes both 
in subjects with and without diabetes. The impact of acute-to-chronic 
glycaemic ratio (ACR) has been evaluated in COVID19 and heart fail-
ure, but its impact on ischaemic stroke prognosis has not been fully 
evaluated. The aim of this study was to assess whether the ACR was 
associated with 3-months mortality in patients with ischaemic stroke.
Materials and methods: We performed a prospective descriptive study 
with retrospective analysis of patients admitted for ischemic stroke. The 
diagnosis of stroke was confirmed by a neurologist. Radiological studies 
were performed using computed tomography (CT) or magnetic reso-
nance imaging (MRI) to exclude other neurological causes. The database 
includes demographic data, sex, age, medication, and cardiovascular risk 
factors. Information on cardiovascular risk factors was obtained from 
the patient, family, or medical history. To estimate the chronic glucose 
levels (CGL) we used the formula eCGL= [28.7xHbA1c (%)]-46.7. The 
ACR (glycaemia at admission / eCGL) was calculated for all subjects.
Results: A total of 3429 subjects admitted to hospital with ischae-
mic stroke diagnosis were included. Baseline characteristics stratified 
according ACR tertiles are detailed in Table 1. In the multivariate anal-
ysis, age (OR 1.072; 95% CI: 1.059-1.086, P < 0.001), baseline NIHSS 
(OR 1.178; 95% CI: 1.158-1.199, P < 0.001), revascularization therapy 
(thrombolysis or endovascular treatment) (OR 0.433 (95% CI: 0.319-
0.588, P < 0.001) and ACR (OR = 1.998; 95% CI: 1.446-2.761); p < 
0.001) were independently associated to death at 3-months follow-up.
Conclusion: ACR is positively associated to mortality 3-months 
after an ischaemic stroke. Subjects in the 3rd ACR tertile presented 
higher NIHSS score, longer hospital-stay and higher disability. These 
findings suggest that ACR may serve as a prognostic biomarker in 
patients with ischaemic stroke and should be further investigated as 
a potential therapeutic target.

Disclosure: E. Climent: None.

933
Hepamet fibrosis score is associated with an increased risk of non-
fatal myocardial infarction in individuals with different degree 
of glucose tolerance
C.M.A. Cefalo1, A.  Riccio1, C.  Mazzanti1, L.  Vero1, T.V.  Fiorentino2, 
E.  Succurro2, M.  Perticone2, A.  Sciacqua2, F.  Andreozzi2, G.  Sesti1;
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1Department of Clinical and Molecular Medicine, University of 
Rome-Sapienza, Rome, Italy, 2Department of Medical and Surgical 
Sciences, University Magna Graecia of Catanzaro, Catanzaro, Italy.

Background and aims: Compelling studies suggest that liver fibro-
sis is a risk factor not only for adverse liver outcomes but also for 
cardiovascular events. Several scoring indexes, combining clinical 
and serological variables, have been proposed, as an alternative to 
invasive percutaneous liver biopsy, for liver fibrosis assessment in 
high-risk patients. Among those, Hepamet Fibrosis Score (HFS), 
which includes the presence of type 2 diabetes and/or insulin-
resistance, as well as common serum markers of liver function, has 
demonstrated a greater accuracy in discriminating the presence of 
advanced fibrosis. However, whether HFS is able to identify patients 
with myocardial infarction (MI) in a cohort of individuals with dif-
ferent degree of glucose tolerance is unknown.
Materials and methods: 2731 subjects, participating in the CAT-
Anzaro MEtabolic RIsk factors (CATAMERI) study were included 
in the study. All participants underwent to an oral glucose load test 
for glucose tolerance assessment, except for those with known type 
2 diabetes. Study cohort were divided into three groups according to 
HFS value: low risk of fibrosis (<0.12); intermediate risk of fibro-
sis (≥ 0.12 to <0.47); high risk of fibrosis (≥0.47). The association 
between the risk of liver fibrosis and prevalence of MI was analyzed 
by a logistic regression model.
Results: As compared with those having the lowest risk (5.3 %), a 
higher proportion of subjects with moderate or high risk of advanced 
liver fibrosis had non-fatal myocardial infarction (19.9% and 24.4%, 
respectively; P<0.001). In a logistic regression analysis, individuals 
at increased risk of liver fibrosis exhibited a 3-fold increased risk 
of having MI as compared with those with low risk (OR 3.01; 95% 
CI 1.25-7.25) independently of a number of confounders including 
BMI, smoking habit, total and HDL cholesterol, triglycerides, blood 
pressure, anti-hypertensive, lipid-lowering and glucose-lowering 
therapies.
Conclusion: In this cross-sectional study, individuals with higher 
values of HFS show significant increased risk of MI. Therefore, car-
diovascular screening is imperative in adults at risk for advanced 
liver fibrosis, especially in those with impaired glucose metabolism.
Supported by: Sapienza University, Italian Ministery of Universisty, 
EFSD/Lilly Young Investigator Research Award
Disclosure: C.M.A. Cefalo: None.

934
Relative contributions of CRP, glycaemia and type 2 diabetes to 
the risk of cardiovascular events in the general population: obser-
vational and Mendelian randomisation studies
M.G. Rolver1,2, F.K.E.  Lemvig1,2, B.G.  Nordestgaard3,2, M.  Benn1,2;
1Department of Clinical Biochemistry, Rigshospitalet, Copenhagen, 
Denmark, 2Faculty of Health and Medical Sciences, University of 
Copenhagen, Copenhagen, Denmark, 3Department of Clinical Bio-
chemistry, Herlev, Denmark.

Background and aims: To investigate the relative contributions of 
low-grade inflammation, measured by C-reactive protein, glycemia, 
and type 2 diabetes to the risk of ischemic heart disease (IHD) and 
cardiovascular disease (CVD) death in the general population, and 
whether hyperglycemia and high CRP are causally related.
Materials and methods: Multivariable cox proportional hazards regres-
sion models were used for observational associations and risk analyses. 
The Kaplan-Meier estimator was used to calculate cumulative incidence 
of IHD and CVD death. Observational and bi-directional, one-sample 
Mendelian randomization (MR) analyses in 112,810 individuals from 
the Copenhagen General Population Study and the Copenhagen City 

Heart Study, and bi-directional, two-sample MR with summary level 
data from two publicly available consortia (CHARGE and MAGIC).
Results: Plasma CRP associated with a stepwise higher risk of IHD 
and CVD death, with hazard ratios (HR) and 95% confidence inter-
vals (95%CI) of 1.50 (1.38, 1.62) and 2.44 (1.93, 3.10) in individ-
uals with the 20% highest CRP levels. The corresponding HRs for 
glucose were 1.10 (1.02, 1.18) and 1.22 (1.01, 1.49). Cumulative 
incidence of IHD and CVD death was 365% and 592% higher at age 
60 years, respectively, in individuals with both type 2 diabetes and 
plasma CRP ≥ 2mg/L compared to individuals without. CRP and glu-
cose were observationally associated (β-coefficient: 0.02(0.02, 0.03), 
P=2.8  x10-20), however, one- and two-sample MR analyses did not 
support a causal effect of CRP on glucose (β-coefficients:-0.04(-0.12, 
0.32) and -0.03(0.13, 0.06), respectively), nor of glucose on CRP 
(β-coefficients:-0.01(-0.08, 0.07) and -0.00(-0.14, 0.13)).
Conclusion: Elevated levels of plasma CRP and glucose are pre-
dictors of IHD and CVD death in the general population. CRP 
≥ 2mg/L and type 2 diabetes combined associates with greatly 
increased risk of IHD and CVD death. MR did not support a causal 
relationship between CRP and glucose or vice versa, suggesting 
that low-grade inflammation and hyperglycemia are interrelated 
but not likely to be causally associated.

Disclosure: M.G. Rolver: None.

935
Formulae to estimate the glucose disposal rate and future coro-
nary artery disease in type 1 diabetes
S. Mutter1,2, E.B.  Parente1,2, A.  Januszewski3,4, J.R.  Simonsen1,5, V. 
 Harjutsalo1,5, P.-H.  Groop5,6, A.J.  Jenkins3,4, L.M.  Thorn1,7, on behalf 
of the FinnDiane Study Group;
1Folkhälsan Research Center, Helsinki, Finland, 2Department of 
Nephrology, University of Helsinki and Helsinki University Hos-
pital, Helsinki, Finland, 3Diabetes and Vascular Medicine, Baker 
Heart and Diabetes Institute, Melbourne, Australia, 4NHMRC 
Clinical Trials Centre, University of Sydney, Sydney, Australia, 
5Research Program for Clinical and Molecular Metabolism, Faculty 
of Medicine, University of Helsinki, Helsinki, Finland, 6Depart-
ment of Diabetes, Central Clinical School, Monash University, 
Melbourne, Australia, 7Department of General Practice and Pri-
mary Health Care, University of Helsinki and Helsinki University 
Hospital, Helsinki, Finland.

Background and aims: Insulin resistance (IR) in type 1 diabetes 
(T1D) associates with increased risk of vascular complications. As 
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it is not feasible to measure glucose disposal rate (GDR) directly 
in clinical practice, many formulae model the IR by estimating 
the GDR (eGDR). We assessed the potential of three formulae to 
predict coronary artery disease (CAD).
Materials and methods: The FinnDiane prospective study followed 
3,517 adults with T1D for 17±6 years until their first CAD event 
(N=539), death, or end of 2020. Hazard ratios (HR) for incident CAD 
were calculated using Cox regression with baseline eGDR either as 
a continuous variable or by defining IR at the  25th percentile cutoff. 
The eGDR formulae were: i) Williams: 24.4-12.97×waist-hip-ratio-
3.39×[antihypertensive treatment or BP at least140/90mmHg]-
0.60×HbA1c, ii) Duca: exp(4.1075-0.01299×waist circumference-
1.05819×daily insulin dose-0.31327×triglycerides-0.00802×diastolic 
BP) and iii) Januszewski: 6.6743+6.1818×sex+0.0708×age+7.4104
×HDL cholesterol-0.1692×pulse pressure-0.0894×serum creatinine
Results: Baseline mean age was 37 years, 49% were men, 73% had 
a normal albumin excretion rate, 14% an  HbA1c below 7%, and 44% 
had a history of smoking. Baseline mean systolic BP was 132 mmHg, 
BMI 25.2 kg/m2, and LDL-cholesterol 2.97 mmol/L. Using the  25th 
eGDR percentile cutoff, the CAD hazard ratio [95% CIs] was 3.61 
([3.05, 4.28], p<0.001) by Williams, 1.34 ([1.11, 1.61], p=0.002) by 
Duca, and 2.09 ([1.76, 2.48], p<0.001) by Januszewski. When com-
paring the formulae using incident CAD HRs as basis, the Williams 
formula was the strongest CAD risk discriminator (Figure 1). But in 
the lowest percentiles, we did not find a significant difference between 
the Williams and Januszewski HRs as their 95% CIs overlapped e.g., 
in the 0.28th percentile the Januszewski HR was 9.29 [6.46, 13.36], 
whereas the Williams HR was 7.69 [5.78, 10.24]. At the  3rd percentile, 
the Williams HR (5.24 [4.15, 6.61]) was higher than the Januszewski 
HR (2.81 [2.37, 3.32]).
Conclusion: In adults with T1D, lower eGDR (higher IR) was 
associated with increased CAD risk. The Williams formula worked 
best at identifying individuals at risk.
Figure 1. CAD Hazard ratios for the Williams (blue), Duca (grey), 
and Januszewski (yellow) formulae across score percentiles.

Supported by: Folkhälsan Fnd., Stockmann Fnd, Academy of Fin-
land, Juselius Fnd, Liv och Hälsa Soc, Medical Soc of Finland, 
Medical Society of Finland, Gov Res. Fund
Disclosure: S. Mutter: None.
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Glyoxalase-1 overexpression attenuates arterial stiffness in a 
mouse model of diabetes
M.G. Pencheva1,2, E.  Berends1, K.W.F. van der  Laan2, A.  Giudici2,3, 
J.L.J.  Scheijen1, P.  Leenders4,5, K.D.  Reesink2, S.  Foulquier4, B. 
 Spronck2,6, C.G.  Schalkwijk1;
1Internal Medicine, CARIM School for Cardiovascular Diseases, 
Maastricht University, Maastricht, Netherlands, 2Biomedical Engi-
neering, CARIM School for Cardiovascular Diseases, Maastricht 
University, Maastricht, Netherlands, 3GROW School for Oncology 
and Reproduction, Maastricht University, Maastricht, Netherlands, 
4Pharmacology and Toxicology, CARIM School for Cardiovascular 
Diseases, MHeNs, School for Mental Heal, Maastricht University, 
Maastricht, Netherlands, 5Biochemistry, CARIM School for Cardio-
vascular Diseases, Maastricht University, Maastricht, Netherlands, 
6Macquarie Medical School, Faculty of Medicine, Health and Human 
Sciences, Macquarie University, Sydney, Australia.

Background and aims: In diabetes, arterial stiffness is increased and 
associated with cardiovascular disease. The cause of arterial stiff-
ening in diabetes is not completely understood, but it may involve 
increased formation of advanced glycation endproducts (AGEs) 
inducing arterial wall cross-links. Methylglyoxal (MGO), a potent 
glycolysis-derived intermediate, is a major precursor in the formation 
of AGEs. MGO is detoxified by glyoxalase-1 (Glo1). We hypothesize 
that increased MGO and MGO-derived AGEs formation play a role 
in diabetes-associated arterial stiffening, and have studied this using 
a transgenic Glo1 overexpressing mouse model.
Materials and methods: Three groups (n=10 -12/ group) of nine-week-
old C57BL/6J mice were studied: wild-type control, wild-type diabetes, 
and Glo1-overexpressing diabetes (Glo1/diabetes). Diabetes was induced 
by 50 mg/kg streptozotocin (STZ) injections for five days. Fasting glu-
cose was measured every 4 -5 weeks. MGO was measured in plasma 
and urine with ultra-performance liquid chromatography tandem mass 
spectrophotometry. After 13 weeks of treatment, tail-cuff blood pres-
sure (BP) and non-invasive carotid-femoral pulse wave velocity (cfPWV) 
were measured prior to euthanasia. Then, the thoracic descending aorta 
was harvested (~ 6 mm) and used for ex vivo biaxial quantification of 
passive arterial wall biomechanics. In addition, two-photon microscopy 
collagen images were obtained at in vivo axial stretch and 100 mmHg 
pressure, to determine collagen helix angle orientations.
Results: Glucose levels in the diabetes and Glo1/diabetes groups 
were higher than control (both p<0.0001). MGO was increased in dia-
betes in plasma and urine (1.3-fold, p<0.01 and 2.4-fold, p<0.0001, 
respectively) and Glo1 overexpression decreased MGO in urine 
(1.25-fold, p<0.01). There was no difference in systolic BP (110±4 
vs. 104±3 mmHg, p=0.26) and in cfPWV (2.60±0.14 vs. 2.55±0.11 
m/s, p=0.80) between control and diabetes. However, there was a 
1.2-fold increase in ex vivo PWV based on in vivo systolic BP in 
diabetic mice (p<0.01), which was 1.1-fold attenuated by Glo1 over-
expression (p<0.05). Collagen fibres in the diabetes groups showed a 
longitudinal orientation, while in the Glo1/diabetes group they were 
predominantly circumferentially oriented.
Conclusion: In this animal model of diabetes, Glo1 overexpression 
attenuates arterial stiffness accompanied by notable effects on col-
lagen structure, indicating that MGO contributes to diabetic arterial 
stiffening. Targeting MGO may provide a relevant novel approach to 
prevent arterial stiffening in diabetic mice.
Supported by: the European Union’s Horizon 2020 programme 
through Marie Curie Innovative Training Network MINDSHIFT 
(Grant agreement ID 954798).
Disclosure: M.G. Pencheva: None.
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937
Pharmacological inhibition of myocardial succinyl CoA:3-
ketoacid CoA transferase with pimozide alleviates the progression 
of diabetic cardiomyopathy
J.R. Ussher1, S. Tabatabaei  Dakhili1, C.T.  Saed1, C.S.  Wagg2, J.S.F. 
 Chan1, K.  Yang1, F.  Eaton1, K.  Gopal1, G.D.  Lopaschuk2, A.A. 
 Greenwell1;
1Faculty of Pharmacy and Pharmaceutical Sciences, University of 
Alberta, Edmonton, AB, Canada, 2Department of Pediatrics, Faculty 
of Medicine and Dentistry, University of Alberta, Edmonton, AB, 
Canada.

Background and aims: Perturbations in myocardial energy substrate 
utilization has been identified as a key mediator in the progression 
of cardiac structural and functional abnormalities seen in diabetic 
cardiomyopathies. The role of altered cardiac glucose and fatty acid 
metabolism in the impairment of myocardial efficiency and energy 
production in diabetic cardiomyopathy is well-established. However, 
determination of whether ketone oxidation is altered and may contrib-
ute to the pathology of diabetic cardiomyopathy remains unknown. 
Previous findings from our lab have identified that the antipsychotic 
agent, pimozide, is able to inhibit succinyl CoA:3-ketoacid CoA 
transferase (SCOT), a rate-limiting enzyme of ketone oxidation. As 
pimozide treatment was also shown to improve glycemia in experi-
mental obesity, our current aim is to determine pimozide’s impact on 
cardiac function in experimental type 2 diabetes (T2D).
Materials and methods: Mice were subjected to experimental T2D 
via combination of a high-fat diet provision for 12-weeks, with a sin-
gle administration of low-dose streptozotocin (75mg/kg) at the 4-week 
time point. Mice were then randomized to treatment via oral gavage 
for 4-weeks with vehicle control (VC; corn oil) or pimozide (10 mg/kg 
once every 2 days), with cardiac function being assessed pre- and post-
treatment. In addition, a separate cohort of mice were either fed a stand-
ard chow diet for 12-weeks (lean mice) or subjected to experimental 
T2D, and upon study completion animals were euthanized for isolated 
working heart perfusion studies to assess cardiac energy metabolism.
Results: Compared to lean control mice, myocardial ketone oxida-
tion was blunted in isolated working hearts from T2D mice (Lean; 
T2D: 1131 versus 612 nmol • g dry  wt-1 •  min1), an effect that 
was paradoxically associated with increased cardiac SCOT activ-
ity. Conversely, myocardial protein expression of β-hydroxybutyrate 
dehydrogenase was decreased in mice with T2D. Despite myocardial 
ketone oxidation being reduced in T2D, further inhibition of myo-
cardial SCOT activity by treatment with pimozide did not exacer-
bate, but rather alleviated cardiac hypertrophy in mice with T2D, 
as indicated by the ratio between left ventricular weight (mg) and 
lean body mass (g) (4.67 [VC] versus 4.09 [pimozide]), and a trend-
ing reduction in cardiac myocyte cross-sectional area. Furthermore, 
pimozide treatment alleviated diastolic dysfunction (E/e′: 29.1 [VC] 
versus 25.7 [pimozide], left atrial size (mm): 2.41 [VC] versus 2.11 
[pimozide]) in mice with T2D, but did not impact systolic function.
Conclusion: Our results suggest that reductions in myocardial ketone 
oxidation during T2D may be an adaptive response, as pharmacologi-
cal SCOT inhibition with pimozide improved diastolic function and 
alleviated the pathology of diabetic cardiomyopathy.
Supported by: CIHR Project Grant
Disclosure: J.R. Ussher: None.

938
Epitranscriptomic analysis of m6A RNA methylation in AGEs-
treated human artery endothelial cells (HAECs)
L. Tang, K. Hu, H. Zhang, X. Chen, H. Zhang, X. Wu;
Geriatric Medicine Center, Key Laboratory of Endocrine Gland Dis-
eases of Zhejiang Province, Department, Hang’zhou, China.

Background and aims: Diabetic vasculopathy is the leading cause 
of death and disability in diabetic patients. Endothelial dysfunction 
is the initiating factor in the development of vascular complications. 
Long-term high glucose environment can induce the formation of 
AGEs, which bind to AGEs receptors on the surface of endothelial 
cells causing cell damage. m6A modifications have been reported to 
be involved in the development of cardiovascular system diseases. It 
is involved in endothelial cell damage during high-fat-induced athero-
genesis. Whether m6A is involved in AGEs-induced dysfunction in 
human aortic endothelial cells (HAECs) has not been explored; there-
fore, we used HAECs with AGEs stimulation as an experimental 
model to analyze m6A regulators and m6A methylation profiles to 
explore m6A modifications in diabetic vasculopathy.
Materials and methods: HAECs were cultured with AGEs. The 
change of m6A regulators was detected by quantitative real-time PCR 
(RT-PCR) and Western blotting. MeRIP-seq was used to map tran-
scriptome-wide m6A, and the gene expression was high-throughput 
detected by RNA-seq.
Results: The expression of m6A regulators such as METTL3, WTAP, 
KIAA1429, YTHDC1, YTHDC2, and YTHDF3 was significantly 
up-regulated in AGEs-treated HAECs, while FTO were signifi-
cantly down-regulated. The results of MeRIP-seq showed that 1105 
m6A peaks were significantly changed, of which 647 peaks were 
significantly up-regulated and 458 peaks were significantly down-
regulated. Gene Ontology analysis revealed that Cellular response 
to DNA damage stimulus, protein ubiquitination, and regulation 
of DNA replication were three of the most significantly enriched 
pathways in biological process. Nucleus, nucleoplasm, and cytosol 
were the three most significantly enriched in cellular component. 
In addition, protein binding, DNA binding, and chromatin binding 
were the three most significant aspects of molecular function. KEGG 
pathway analysis showed that these mRNAs were mainly enriched 
in signaling pathways related to ketone body synthesis and degrada-
tion, biotin metabolism, and valine, leucine and isoleucine biosyn-
thesis. Analysis of m6A peaks and mRNA expression showed that six 
mRNAs (ESC2, PUS7L, ASMTL, ETAA1, ZNF267, and EIF3CL) 
were significantly altered in both methylation and expression levels 
after AGEs treatment.
Conclusion: The expression of m6A regulators and m6A landscape 
was changed in AGEs-treated HAECs, which reveals a new transcrip-
tion-independent mechanism of translation regulation. This study 
may provide a basis for further intervention in diabetic vasculopathy.
Supported by: NSFC (81970714)
Disclosure: L. Tang: None.

939
The use of plasminogen activator inhibitor-1 specific Affimers as 
a tool to modulate fibrinolysis and thrombosis risk in diabetes
R. Altalhi1, N.  Pechlivani1, C.  Tiede2, F.  Hawkins1, D.  Tomlinson2, 
K.  Naseem1, R.  Ajjan1;
1Leeds Institute of Cardiovascular and Metabolic Medicine 
(LICAMM), University of Leeds, Leeds, UK, 2School of Molecular 
and Cellular Biology, University of Leeds, Leeds, UK.

Background and aims: Hypofibrinolysis is a key abnormality in dia-
betes and associated with increased risk of vascular thrombotic disease. 
One mechanism for hypofibrinolysis is elevated levels of plasminogen-
activator inhibitor (PAI)-1, commonly encountered in people with type 
2 diabetes (T2D). We hypothesise that inhibition of PAI-1 activity using 
antibody mimetic proteins, named Affimers, improves hypofibrinolysis 
with the potential to reduce thrombosis risk in diabetes. Aim Isolate 
PAI-1-specific Affimers and study the potential effect on fibrin clot lysis.
Materials and methods: A library of Affimers (>3x1010) was used to 
screen for PAI-1 binders using phage display techniques. Functional 
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analysis of PAI-1-specific Affimers was undertaken employing turbi-
dimetric and thromboelastometric assays, and using clots made from 
purified protein, plasma and whole blood samples. This was comple-
mented by visualisation studies, using laser scanning confocal and 
electron microscopy, to analyse clot lysis in real time and ensure that 
a physiological fibrin network is maintained. Molecular modelling 
was employed to understand Affimer-PAI-1 interaction sites.
Results: A total 104 PAI-1-binding Affimers were isolated of which 
14 demonstrated distinct sequences. One Affimer, named RV8, demon-
strated PAI-1 inhibitory activity by reducing lysis of clots made from 
purified proteins from 17.97±0.12 to 14.80±0.41 minutes (18% reduc-
tion, p<0.05) and from in 22.35±0.85 to 15.40±0.89 minutes (31% 
reduction, p<0.01) in the presence of 30 and 100 ng/ml PAI-1, respec-
tively. Affimer RV8 reduced lysis of clots made from pooled healthy 
control plasma by 11% while in those with T2D (n=12 samples), the 
reduction was greater from 29.25±2.36 to 14.17±1.52 minutes (52% 
reduction, p<0.01). When clots were made from whole blood, RV8 
reduce lysis time from 21.20±3.37 to 18.01±2.46 minutes (15% reduc-
tion, p=0.01). Whole blood experiments were also conducted after plate-
let stimulation by thrombin, which is associated with PAI-1 release from 
these cells, and RV8 had a larger effect reducing clot lysis time from 
27.84±3.92 to 14.24±2.16 minutes (49% reduction, p<0.01). Confocal 
and electron microscopy demonstrated that RV8 does not alter fibrin net-
work structure, while it facilitated real time clot lysis, consistent with the 
results of the functional assays. Molecular modelling further supported a 
role for RV8 in PAI-1 inhibition by pinpointing potential Affimer-PAI-1 
interaction sites.
Conclusion: We demonstrate that the Affimer technology is a novel 
and viable tool for PAI-1 inhibition and facilitation of fibrinolysis. 
Our data collectively indicate that Affimer RV8 is particularly effec-
tive in the presence of high PAI-1 levels and therefore this approach 
may represent a new therapeutic strategy to reduce hypofibrinolysis 
and thrombosis risk in diabetes.

Disclosure: R. Altalhi: None.

940
Chronic glucose overflow increases unfolded protein response in 
GLUT4-overexpressing cardiomyoblasts
B. Stratmann, Y. Mattern, T. Silva de Carvalho, D. Tschoepe;
HDZ NRW, Ruhr-Universität Bochum, Bad Oeynhausen, Germany.

Background and aims: Diabetic cardiomyopathy is characterised by 
loss of metabolic flexibility. GLUT4-overexpressing cardiomyoblasts 
(H9C2KE2) show essential characteristics of diabetic cardiomyopa-
thy during hyperglycaemia. In particular, fumarate accumulates as a 
consequence of the glucose overflow in the citrate cycle. This nega-
tive influence on the citrate cycle with associated reduced energy 
yield represents a new approach in the understanding of metaboli-
cally induced cardiomyopathy. However, H9C2KE2 cells can sustain 
glucose overflow for some time by adaptive procedures which have 
been analysed.
Materials and methods: Stably GLUT4-overexpressing rat cardio-
myoblast cells (H9C2KE2) were cultured under normal cell-specific 
glucose levels (20mM) and hyperglycaemic conditions (30mM) for 
long term (9 months). Expression profiles of selected proteins were 
compared to H9C2 cells (WT) at the mRNA level by RT-qPCR and 
at the protein level via western blot.
Results: Central pathways of unfolded protein response were inves-
tigated. GRP78 levels were reduced in H9C2KE2 cells in both nor-
moglycaemic (73.8±14.1%, p<0.05) and hyperglycaemic condi-
tions (70.8±22.9%, p<0.01) compared to wild type. Significantly 
increased levels of ATF6 were detected under both normoglycaemia 
(152.1±12.5%, p<0.001) and hyperglycaemia (228.1±114.6%, p<0.01). 
Golgi-associated proteases S1P and S2P, which serve to proteolyse 
ATF6, were also significantly altered compared with wild type (S1P: 
49.8±18.3% and 60.6±21.3%, p each <0.001; S2P: 135.1±30.2 p<0.05 
and 174.1±47.8%, p<0.01, respectively). WFS1 as an inhibitor of ATF6 
activation was increased under normoglycaemia and hyperglycaemia: 
229.7±65.6% and 156.9±48.8%, p each <0.0001, respectively. Con-
sequences of ATF6 activation were increased chaperone expression 
(HSP70: RT-PCR 0.97±0.13 RE vs. 0.24±0.03 RE or 0.53±0.06 
vs. 0.27±0.04 RE, p each <0.05), increased lipid synthesis (Acetyl-
CoA carboxylase: 119.7±22.1%, and 137.3±29.8%, resp., p each 
<0.05) and increase in antioxidant capacity (SOD2: 137.8±15.7% and 
146.2±19.4%, p each <0.001).
Conclusion: Glucose overload induces an increase in unfolded protein 
response in cardiomyoblasts. As a consequence, lipid biosynthesis, 
antioxidant capacity and chaperone concentration increase as possible 
compensatory mechanisms induced by adaptive UPR to compensate 
glucotoxic effects at least in earlier stages of glucose overflow.
Disclosure: B. Stratmann: None.
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Lipoprotein(a) a marker for cardiovascular risk stratification in 
youth with type 1 diabetes
F. Iafrate-Luterbacher, V. Schwitzgebel;
Pediatric endocrinology and diabetology, University Hospital of 
Geneva, Genève, Switzerland.

Background and aims: Type 1 diabetes (T1D), due to autoimmune 
beta cell destruction, is the most frequent metabolic disease in child-
hood. Despite advances in managing patients with T1D, adult mortality 
remains high, with cardiovascular diseases (CVD) being the leading 
cause. Children with diabetes onset before the age of 10 years show 
the highest CVD risk. Elevated Lipoprotein(a) (Lpa) is an independent, 
continuous, and robust risk factor for CVD. A recent pediatric longitu-
dinal cohort study showed that children with Lpa ≥300 mg/l had a two 
times higher risk of atherosclerotic cardiovascular disease (ASCVD) as 
adults compared with a non-exposed reference group. A combination of 
high Lpa and high LDL levels increased CVD risk fourfold. Our study 
aimed to assess the distribution of Lpa levels in a pediatric cohort with 
T1D and to use it for CVD risk stratification.
Materials and methods: Retrospective analysis of the electronic medi-
cal records of patients followed in the pediatric diabetes unit between 
2012 and 2023 at a University Hospital. Lpa levels were measured one 
year after diabetes diagnosis. Descriptive data were compared accord-
ing to Lpa values (low (0-80mg/l), normal (80-300mg/l), high (300-
500mg/l), and very high (>500mg/l). One-way ANOVA was performed 
to compare the effect of Age, HbA1c, LDL, HDL, Total Cholesterol, 
C-peptide, and BMI on Lpa groups. Lpa plasma concentrations were 
assayed by immunonephelometry on an Atellica® NEPH 630 (Siemens 
Healthcare). The local ethics committee approved the study.
Results: We included 122 patients (44% girls) with a mean age at 
Lpa measurement of 9 years (2-17 years). Thirty-five patients (28.7%) 
had low, 52 (42.6%) normal, 19 (15.6%) high, and 16 (13.1%) very 
high Lpa levels. Mean Lpa value was 263 mg/l. High LDL levels 
(>3.36 mmol/l) were found in 5.7%, 9.6%, 5.3%, and 31.3% in the 
low, normal, high, and very high Lpa groups, respectively. Cohort 
characteristics by Lpa group levels are described in Table 1. A one-
way ANOVA revealed a statistically significant difference in HbA1c, 
LDL, and Total Cholesterol between Lpa groups (see Table 1).
Conclusion: We identified high Lpa levels (>300mg/l) in 28.7% of 
pediatric T1D patients. This was higher than the 10% reported in a 
published pediatric reference group. In the group with the highest 
Lpa levels (>500mg/l), 31.3% also had high LDL levels, increas-
ing the CVD risk by fourfold. Our data show a positive association 
between HbA1c, LDL, total cholesterol, and Lpa levels. As Lpa is 
a causal risk factor for CVD, we strongly advocate measuring Lpa 
levels in diabetic children for CVD risk stratification and imple-
menting a risk-reducing program for the modifiable factors, such 
as diet and lifestyle, while awaiting targeted therapies.

Disclosure: F. Iafrate-Luterbacher: None.

942
Possible role of superoxide and nitric oxide in predisposition of 
female aorta to injury in Zucker diabetic fatty rats: sex specific 
responses
R. Rahimian, S. Shaligram, F. Akther, X. Han;
Physiology and Pharmacology, Thomas J. Long School of Phar-
macy, University of the Pacific, Stockton, CA, USA.

Background and aims: With the increasing prevalence of type 2 
diabetes (T2D), developing preclinical models of the disease has 
become vital for diabetes-associated vascular disease prevention and 
treatment. While several rodent models of T2D are available, their 
consequences in cardiovascular complications of T2D are not fully 
clear. Here, we examine at the vascular level, the similarity between 
Zucker diabetic fatty (ZDF) rat, a monogenic obesity model of T2D, 
and the UC Davis type-2 diabetes mellitus (UCD-T2DM) rat, a poly-
genic rat model of disease. We recently reported a predisposition of 
the female aorta to injury in the UCD-T2DM rats. This study was 
designed to investigate whether there were sex differences in aortic 
endothelium-dependent vasorelaxation (EDV) in ZDF rats, and the 
potential role of superoxide and nitric oxide (NO).
Materials and methods: 16-8-week-old Zucker rats were divided 
into 4 groups: female lean, female ZDF, male lean, and male ZDF. 
EDV to acetylcholine (ACh,  10-8 to  10-5 M) was measured in phe-
nylephrine (PE, 2μM) pre-contracted rings before and after apocynin 
(100μM), a NADPH oxidase (NOX) inhibitor. Contractile responses 
to PE  (10-8 to  10-5 M) were generated before and after L-NAME 
(200μM), a NO synthase (NOS) inhibitor. Metabolic parameters and 
the endothelial NOS (eNOS) and NOX (a potent source of superox-
ide) mRNA expression were determined using real-time RT-PCR. 
Internal variations were normalized using GAPDH. Data were 
expressed as Mean±SEM. One-way ANOVA followed by by Tukey’s 
post hoc test was used to compare means among groups. Comparison 
of response curves in a pre/post-test format within a group was done 
using two-way ANOVA with repeated measures.
Results: Diabetes significantly impaired the maximal relaxation 
(Emax) to ACh in aortic rings from female ZDF rats, however, 
potentiated the Emax in males (n=6, P<0.05). In females, the Emax 
to ACh was 82.7 ± 1.2% in lean and 74.3 ± 1.9% in ZDF; in males, 
Emax was 71.2 ± 2.5% in leans and 84.3 ± 1.6% in ZDF. Apoc-
ynin increased Emax to ACh only in diabetic female group, sug-
gesting impairment of EDV in female ZDF aorta was partly due 
to an increase in the activity of superoxide. Diabetes enhanced the 
extent of PE potentiation after blocking eNOS with L-NAME in 
females (n=6-7, P<0.05). The ΔAUC after addition of L-NAME 
in the female ZDF and male ZDF groups were 215.8 ± 17.2 and 
129.6 ± 16.2, respectively. Accordingly, the eNOS mRNA expression 
was higher (by about 2.5-fold) in aorta of female ZDF than that of 
lean animals (n=7, P<0.05). In addition, NOX1 and NOX4 mRNA 
expression were elevated (by 2- and 2.5-fold, respectively) only in 
aorta of female ZDF rats compared with female leans (n=7, P<0.05).
Conclusion: Our data show that ZDF female aortas exhibit 
impaired ACh-mediated vasorelaxation. This is in accordance with 
our recent report on the impairment of aortic relaxation in female 
UCD-T2DM rats. However, we have now extended these findings 
in reporting that under T2D condition, in both models, beneficial 
effects of female hormones could be lost, yet, intriguingly, male 
aortas exhibit greater ACh mediated relaxation. Furthermore, these 
data suggest that the predisposition of the female aorta to injury in 
ZDF rats may be, in part, due to the alteration of superoxide and NO 
production. Additional studies will be needed to identify underlying 
mechanisms for the elevated vasorelaxation responses observed in 
male aortic rings of this model.
Supported by: NIH/NIDCR
Disclosure: R. Rahimian: None.



S483Diabetologia (2023) 66 (Suppl 1):S1–S536 

1 3

943
GPR40 agonist, an emerging antidiabetic agent, regulates foam cell 
formation and endothelial cytotoxicity
H.-J. Hwang1, J.  Kim1, S.  Yun1, M.  Park2, E.  Song2, S.  Jang2, A.  Jang2, 
K.  Choi2, S.  Baik2, H.  Yoo2;
1BK21 Graduate Program, Department of Biomedical Sciences and 
Department of Internal Medicine, Seoul, Republic of Korea, 2Division 
of Endocrinology and Metabolism, Department of Internal Medicine, 
College of Medicine, Korea University, Seoul, Republic of Korea.

Background and aims: G protein-coupled receptor 40 (GPR40), a recep-
tor for some fatty acids, is attracting attention as a drug target for anti-
hyperglycemia because it can induce glucose-stimulated insulin secretion 
(GSIS) by regulating intracellular calcium level in the pancreas. Recently, 
GPR40-mediated anti-oxidative and anti-inflammatory responses have been 
observed in various cell types. Thus, GPR40 is considered as a key molecule 
to overcome several metabolic disorders. However, endothelial GPR40 func-
tions remain unclear. Thus, the objective of this study was to determine 
whether GPR40-specific agonists might protect vascular endothelial cells 
against metabolic stimuli.
Materials and methods: Human umbilical vein endothelial cells 
(HUVECs) and THP-1 cells were used to investigate effects of GPR40 
agonists on endothelium.
Results: In phorbol 12-myristate 13-acetate (PMA)-treated THP-1 
cells, LY2922470, a GPR40 agonist, reduced LPS-mediated low-density 
lipoprotein receptor (LDLR), CD36 and inducible nitric oxide synthase 
(iNOS) expression, leading to blockage of LPS-induced LDL uptake. 
However, these beneficial effects were not detected after treatment with 
TAK875, another GPR40 agonist, suggesting that GPR40 could regulate 
the process of foam cell formation in a ligand-dependent manner. We also 
treated vascular endothelial cells with palmitate to induce cytotoxicity. 
Both LY2922470 and TAK875 significantly reduced palmitate mediated 
endoplasmic reticulum (ER) stress, caspase-3 and poly ADP-ribose poly-
merase (PARP) cleavage and lactate dehydrogenase (LDH) release. These 
effects were inhibited after treatment with compound C, an inhibitor for 
adenosine monophosphate-activated protein kinase (AMPK).
Conclusion: GPR40 has beneficial effects on metabolic stimuli in vascu-
lar endothelial cells and THP-1 cells. Since chronic and excessive inflam-
mation and cytotoxicity are known to be responsible for foam cell forma-
tion, plaque development and plaque instability, GPR40 might represent 
a good therapeutic target to overcome cardiovascular diseases (CVD) 
such as atherosclerosis.

Supported by: National Research Foundation of Korea (NRF), 
South Korea, funded by the Ministry of Education (NRF-
2020R1I1A1A01072592 and NRF-2022R1I1A1A01067910)
Disclosure: H. Hwang: None.

944
Dapagliflozin induced myocardial flow reserve improvement is 
not associated to HDL ability to modulate nitric oxide production
U. Capece1, A.  Ossoli2, F.  Cinti1, G.  Sorice3, G. Di  Giuseppe1, G. 
 Ciccarelli1, L.  Soldovieri1, M.  Brunetti1, S.  Moffa1, T.  Mezza1, L. 
 Leccisotti1, L.  Calabresi2, A.  Giaccari1;
1Policlinico Agostino Gemelli, IRCCS, Rome, Italy, 2Center “E. 
Grossi Paoletti” Department of Pharmacological and Biomolecular 
Sciences, University of Milano, Milan, Italy, 3Internal Medicine, 
Endocrinology, Andrology and Metabolic Diseases, University of 
Bari Aldo Moro, Bari, Italy.

Background and aims: SGLT2 inhibitors showed controversial 
results in modulating HDL system in clinical trials. HDL-cholesterol 
slightly increased in most studies but only a few provided evidence 
on HDL functionality. One of them showed a decreased cholesterol 
efflux capacity after dapagliflozin therapy without changes in HDL 
antioxidant properties. Otherwise, there is a broad agreement that 
these drugs reduce cardiovascular mortality and hospitalization for 
heart failure through several mechanisms. Our group previously 
demonstrated in a randomized controlled trial, that dapagliflozin 
improved myocardial flow reserve in type 2 diabetes (T2D) patients 
with coronary artery disease (CAD). The underlying mechanisms are 
still unknown, although in vitro studies suggested the involvement of 
nitric oxide (NO). In this study we aimed to investigate changes in 
HDL modulation of nitric oxide production with dapagliflozin and 
whether there is an association with myocardial flow reserve.
Materials and methods: 16 CAD-T2D patients were enrolled and ran-
domized 1:1 to dapagliflozin or placebo for 1 month. Blood samples 
were collected before and after treatment for each group. The ability of 
HDL to modulate the NO production in endothelial cells was tested in 
vitro by incubating the HUVEC with apoB-depleted (apoB-d) serum of 
these patients. The production of NO was assessed by fluorescent assay 
and results were expressed as fold versus untreated cells.
Results: HDL-C and other lipid parameters were similar to baseline 
in both study groups. Dapagliflozin reduced HDL-mediated NO pro-
duction in HUVEC compared to baseline (p=0.04) while no signifi-
cant changes were found in placebo group (p=0.16). No significant 
correlations were found with rest myocardial blood flow, stress myo-
cardial blood flow and myocardial flow reserve.
Conclusion: Beneficial effects of dapagliflozin on microcircula-
tion seem to be unrelated to HDL functions. We can not exclude 
that NO may cause an improvement in myocardial flow reserve 
under dapagliflozin treatment through HDL-independent molecular 
pathways which would play a prevailing role in this context. Fur-
ther, diabetes could impair this HDL function to a lesser extent than 
other ones (i.e. cholesterol efflux capacity or antioxidant action) 
thus the effect of antidiabetic drugs would be negligible.
Clinical Trial Registration Number: NCT 03313752
Disclosure: U. Capece: None.

945
The mechanism of ferroptosis induced by advanced glycation end 
products in human aortic endothelial cells and the intervention 
of GLP-1
K. Hu1, L.  Tang1, H.  Zhang2, X.  Ye1, E.  Wo3, T.  Xiang3, Y.  He3, 
S.  Ma3, X.  Wu1;
1Geriatric Medicine Center, Key Laboratory of Endocrine Gland Dis-
eases of Zhejiang Province, Department of Endocrinology, Zhejiang 
Provincial People’s Hospital, Affiliated People’s Hospital, Hangzhou 
Medical College, Hangzhou, China, 2Lab of Public Platform, First 
Affiliated Hospital of Nanjing Medical University, Nanjing, China, 
3College of Laboratory Medicine and Bioengineering, Hangzhou Medi-
cal University, Hangzhou, China.
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Background and aims: Diabetic vascular disease is the leading 
cause of death and disability in diabetic patients. Advanced gly-
cation end products (AGEs) produced in long-term high glucose 
environment can cause endothelial cells (ECs) damage and induce 
vascular lesions. Ferroptosis is a new form of cell death caused by 
the accumulation of iron-dependent lipid peroxides, which has been 
shown to be expressed in atherosclerotic lesion tissues. Whether 
ferroptosis is involved in AGEs-induced ECs dysfunction has not 
been explored. Glucagon-like peptide-1 (GLP-1) has shown signifi-
cant cardiovascular protective effect. It is also unclear whether it 
can protect ECs against ferroptosis. Therefore, in this study, AGEs-
stimulated HAECs was used as the experimental model to observe 
ferroptosis in HAECs and the intervention effect of GLP-1, and to 
explore the molecular mechanism.
Materials and methods: HAECs were cultured with AGEs, cell 
viability was detected by CCK8 kit, mitochondrial morphological 
changes were observed by electron microscopy, and contents of Fe2+ 
and lipid peroxidation product MDA were detected by kit. Fer-1(an 
ferroptosis inhibitor) was used as a negative control. The mRNA level 
of PTGS2, ACSL4 and GPX4 genes were detected by RT-PCR. West-
ern blot was used to detect the expression of the above molecules and 
LKB1/AMPK pathway. siRNA was used to inhibit AMPK expression, 
GLP-1 (7-37), GLP-1 (9-36) and GLP-1 (28-36) were used to pretreat 
cells to observe the changes of ferroptosis.
Results: Compared with the control group, the cell vitality of AGEs 
group was significantly decreased(P<0.05), the morphology of cell 
mitochondria was abnormal, the content of Fe2+ and MDA was sig-
nificantly increased(all P<0.05), the expression of positive regula-
tory molecules PTGS2 and ACSL4 was significantly up-regulated(all 
P<0.05), and the expression of negative regulatory molecule GPX4 
was significantly down-regulated(P<0.05). All the above phenomena 
were alleviated after Fer-1 intervention (all P<0.05). The expression 
of LKB1 and AMPK were down-regulated in AGEs group (P<0.05), 
and siRNA inhibition of AMPK increased ferroptosis. Compared with 
AGEs group, after pretreatment with GLP-1 (7-37), GLP-1 (9-36) and 
GLP-1 (28-36), cell vitality was significantly increased (P<0.05), 
the contents of Fe2+ and MDA were decreased(all P<0.05), and the 
expression of GPX4 was up-regulated (P<0.05), the expressions of 
PTGS2 and ACSL4 were down-regulated (all P<0.05), and the phos-
phorylation levels of LKB1 and AMPK were significantly increased 
(all P<0.05). However the protective effect of GLP-1 and its small 
molecular fragments on cells was not significantly changed after 
AMPK inhibition.
Conclusion: AGEs can induce ferroptosis in HAECs, the mechanism 
may be related to inhibition of LKB1/AMPK pathway. GLP-1 and its 
small molecular fragments can protect HAECs from AGEs-induced 
ferroptosis, which may provide a new mechanism for GLP-1 to pro-
tect the cardiovascular system.
Supported by: NSFC (81970714)
Disclosure: K. Hu: None.

SO 86 Diabetic complications from head 
to toe

946
Olfactory dysfunction and diabetic complications in type 2 
diabetes
A. Cardella1,2, F.  Mozzanica3,2, A.  Ferrulli1,4, L.  Luzi1,4;
1Department of Biomedical Sciences for Health, University of Milan, 
Milan, Italy, 2Department of Otorhinolaryngology, IRCCS Multimed-
ica, Ospedale San Giuseppe, Milan, Italy, 3Department of Clinical 
Sciences and Community Health, University of Milan, Milan, Italy, 
4Department of Endocrinology, Nutrition and Metabolic Diseases, 
IRCCS MultiMedica, Sesto San Giovanni, Italy.

Background and aims: Olfactory dysfunction (OD) affects 
15-25% of the general population and approximately 60% of indi-
viduals older than 65 years of age. Available literature points to 
the existence of a link between type 2 diabetes mellitus (T2DM) 
and OD, as it is possible that the pathophysiological mechanisms 
driving diabetic complications may also determine the onset of OD. 
However, evidence is limited and inconsistent, and the pathogen-
esis of OD in T2DM remains to this day unclear. The aims of this 
study are to evaluate the prevalence of OD in a group of T2DM 
patients and in a comparable control group and to analyze the rela-
tionship between OD and diabetic complications.
Materials and methods: 130 T2DM patients and 100 controls 
with comparable clinical and demographic characteristics and age 
between 30 and 65 years were enrolled in the study. Each individual 
underwent nasal endoscopy, psychophysical olfactory testing with 
the Extended Smell Test by “Sniffin’ sticks” and subjective evalua-
tion with the Italian version of the brief Questionnaire of Olfactory 
Disorders (Brief-IT-QOD). The Extended Smell Test evaluates the 
three domains of olfaction: odor threshold, odor discrimination, 
and odor identification. A total score is generated by the sum of 
the marks of each assessment, the TDI score (T = threshold; D 
= discrimination; I = identification), which ranges from 1 to 48. 
Latest normative data set the threshold for the presence of OD at a 
TDI score < 30.75. The brief-IT-QOD is composed by 4 items con-
cerning parosmia and 7 items on quality of life; higher scores imply 
greater difficulties in daily life related to olfaction. Data regarding 
disease condition, presence of complications and laboratory tests 
were collected for T2DM patients. This cohort was further divided 
according to the presence of complications of T2DM in: “Group 1”, 
patients with no complications, and “Group 2”, patients suffering 
from at least one diabetic complication. Statistical analysis was 
based on non-parametric tests and regression analysis.
Results: The two populations were comparable in terms of clinical 
and demographic characteristics, except for BMI, which was signifi-
cantly higher in T2DM patients. OD was significantly more frequent 
in T2DM patients than in controls (56.9% vs. 30%; p=0.008). Fur-
thermore, patients from Group 2 had a significantly higher preva-
lence of OD than both controls (71.4% vs 30%; p=0.001) and Group 
1 patients (71.4% vs 43.3%; p=0.001). Moreover, T2DM patients 
with complications were significantly at higher risk of developing 
OD than those without complications (OR = 3.276; CI: 1.579 - 
6.795; p = 0.001). Group 2 patients also had significantly lower 
median TDI scores with respect to Group1 and controls (28, 30.25 
and 31.25 respectively; p=0.019). On the other hand, Brief-IT-QOD 
scores were not different among groups. Finally, regression analysis 
highlighted a significant correlation between OD and age, glycated 
hemoglobin (HbA1c) values and presence diabetic complications.
Conclusion: OD affects more frequently T2DM patients suffering 
from complications and is associated to poorer glycemic control.
Disclosure: A. Cardella: None.



S485Diabetologia (2023) 66 (Suppl 1):S1–S536 

1 3

947
Conservative treatments effectiveness on chronic venous disease 
symptoms and quality of life in patients with type 2 diabetes: 
results from the Vein Step observational study
T. Feodor1, Z. Tazi  Mezalec2, A.J.G.  Ochoa3, J.H.  Ulloa4;
1Vascularte; Vascular Medicine Clinic, Bucharest, Romania, 2Fac-
ulty of Medicine and Pharmacy, Mohammed V University, Rabat, 
Morocco, 3Department of Vascular-Endovascular Surgery, Sonora, 
Mexico, 4Fundacion Santa Fe de Bogota, Bogota, Colombia.

Background and aims: Chronic venous disease (CVD) is a com-
mon condition associated with reduced quality of life (QoL) and 
increased healthcare costs. The relationship between type 2 diabetes 
(T2D) and CVD is complex, with multiple factors contributing to the 
development and progression of venous insufficiency in T2D patients. 
Despite the high prevalence of CVD in T2D patients, there is a lack 
of evidence regarding the optimal management of CVD in this popu-
lation. This sub-analysis of the VEINSTEP study aims to assess the 
effectiveness of conservative treatments on CVD symptoms and QoL 
in patients with T2D.
Materials and methods: VeinStep was an international, obser-
vational, prospective study conducted in real-world settings in 
adult patients consulting for symptomatic CVD. Patients under-
went a clinical examination to identify CVD signs using Clin-
ical-Etiology-Anatomy-Pathophysiology (CEAP) classification. 
Main outcomes after 4 weeks were intensity of symptoms using 
a 10cm VAS and QoL using CIVIQ14 questionnaire. Changes 
over time were analysed using a Wilcoxon test. Between-group 
comparisons focused on most commonly prescribed venoactive 
drugs (VADs) using a ranked ANCOVA with baseline value as 
covariates adjusted on main baseline characteristics and relevant 
concomitant treatments.
Results: Veinstep enrolled 6084 patients, including 702 (11.5%) 
with T2D (74.8% women). Compared to those without T2D, these 
patients were in average older (58.8±11.2 vs 49.6±13.8 p<0.001) 
with a higher BMI (30.0±4.4 vs 27.2±4.9, p<0.001). They were 
more frequently in the highest CEAP class (≥C3:62.0% vs 41.1% 
p<0.001 and presented more severe symptoms and a reduced QoL 
(p<0.001). A VAD-based treatment was prescribed in almost all 
patients (97.3%) such as Micronized Purified Flavonoid Fraction 
(MPFF): N=493 (70.2%) and diosmin: N=168 (23.9%). Compres-
sion and topicals were used in combination with VADs in 56.7% 
and 41.5% of patients, respectively. Treatment with VADs was 
associated with significant decreases over time in mean global 
symptoms intensity:-2.52±1.79 (p<0.001) and in each symptom 
intensity (p<0.001), and with a significant improvement in QoL: 
CIVIQ-14 index score decreased by -19.52 ± 15.60 (p<0.001). 
These improvements were of a similar magnitude to those seen in 
non-T2D patients. When considering patients treated with MPFF- 
or Diosmin-based therapy, global symptoms intensity decreased 
by -2.73 ± 1.75 and -2.03 ± 1.78, respectively (p<0.001 in favor 
of MPFF). A higher beneficial effect of MPFF- vs Diosmin-based 
therapy was also observed for each symptom intensity: -2.72 ± 1.79 
vs -1.85 ± 1.67  (p=0.006) for pain ; -2.67 ± 1.91 vs -1.96 ± 1.76  
(p=0.002) for heaviness ; -2.52 ± 2.00 vs -1.83 ± 1.91  (p=0.011) for 
swelling;-2.37 ± 1.98 vs -1.84 ± 1.75,  NS for cramps.  Improvement 
in CIVIQ was -11.93 ± 8.86 vs -8.67 ± 8.19  (NS).
Conclusion: This sub-analysis of the VeinStep study indicates that 
patients with T2D exhibited greater severity of chronic venous dis-
ease. Results suggests that VADs, particularly MPPF monotherapy 
or in combination with other conservative treatments, can lead to a 
significant reduction in CVD symptoms and an improvement in QoL 
in this population.
Clinical Trial Registration Number: NCT04574375
Disclosure: T. Feodor: Honorarium; Servier.
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Hands tied: how upper extremity impairments impact work and 
everyday life of people with type 1 diabetes
S. Wagner1, K. Nørgaard1,2, I.  Willaing1,3, K.  Olesen1, H.U. 
 Andersen1;
1Steno Diabetes Center Copenhagen, Herlev, Denmark, 2Depart-
ment of Clinical Medicine, Faculty of Health and Medical Sciences, 
University of Copenhagen, Copenhagen, Denmark, 3Department of 
Public Health, Faculty of Health and Medical Sciences, University 
of Copenhagen, Copenhagen, Denmark.

Background and aims: Frozen shoulder, trigger finger, carpal tun-
nel syndrome and Dupuytren contracture are common upper extrem-
ity impairments (UEI) among people with type 1 diabetes. In a large 
nationwide sample (n=3,086), we have previously reported an estimated 
threefold increase in odds of UEIs among people with type 1 diabetes 
compared to controls, indicating that UEIs are overlooked complications 
of diabetes. But a deeper understanding of the potential consequences 
of upper extremity impairments are required to determine the feasibility 
and significance of interventions, screening, research, and other related 
efforts. Thus, the objective of this study was to examine associations 
between UEIs and outcomes related to work-life, mental health and func-
tional disability among people with type 1 diabetes compared to controls.
Materials and methods: A cross-sectional survey was distributed 
across all regions of Denmark. 2174 people with type 1 diabetes and 
827 controls (without type 1 diabetes) were included in the study popu-
lation. Participants were aged 18-80 years, but those on senior pension 
(n=752) were not included in analyses pertaining to work-life. The sur-
vey addressed UEI symptoms, employment and career, functional disa-
bility (QuickDASH), mental well-being (WHO-5), and diabetes distress 
(PAID-20). Sociodemographic data (age, gender, educational attain-
ment) were obtained from national registers and used as covariates. 
Data were analysed using multivariable logistic and linear regression.
Results: UEI symptoms were associated with an increased probability 
of long-term work absence in both groups. In the group with type 1 
diabetes, the odds of long-term work absence were 1.5 times higher 
among participants with UEI symptoms, compared to those without 
(CI 1.0-2.3). The strength of the association between UEI symptoms 
and long-term work absence did not differ significantly between groups. 
Nonetheless, among participants with a history of UEIs, those with 
type 1 diabetes were more likely to report that their UEI had at some 
point affected their career than controls (Odds Ratio 1.3, CI 1.0-1.6). 
Furthermore, in the group with type 1 diabetes, UEI symptoms were 
associated with a 5.0 unit increase in PAID-20 (p<0.01), and a 4.8 
unit decrease in WHO-5 (p<0.01). The association between UEIs and 
functional disability was stronger for the group with type 1 diabetes 
than for the control group (19.4 vs 15.9, p<0.01). This was primarily 
due to differences in the number of coexisting impairments. Across all 
outcomes, additive effects of coexisting impairments were identified.
Conclusion: UEIs have significant negative implications for the 
work-life and everyday life of people with type 1 diabetes, and inter-
ventions to reduce UEIs and their impact among this group are highly 
relevant.
Disclosure: S. Wagner: None.
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Periodontitis: an underappreciated diabetes-related complication
F. Valentim Bitencourt1, G. G.  Nascimento2, S. Arouche  Costa3, A. 
 Andersen4, A. Sandbæk4, F. Renato Manzolli  Leite2;
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Background and aims: The occurrence of inflammatory destruc-
tion of teeth-supporting tissues called periodontitis is 3x higher 
among people with T2DM than non-T2DM counterparts. Whether 
and how periodontitis relates to other diabetes-related complica-
tions has yet to be explored. This study aims to examine the clus-
tering of periodontitis with other diabetes-related complications 
and explore pathways linking diabetes-related complications with 
common risk factors.
Materials and methods: This population-based study (n=11,917) 
modelled direct and indirect pathways from risk factors to diabetes-
related complications, a latent construct comprising periodontitis, 
retinopathy, cardiovascular diseases, proteinuria, and hypertension. 
Analyses were adjusted for age, sex, smoking, physical activity, 
alcohol consumption, HbA1c, dyslipidemia, waist-hip ratio, and the 
latent variables socioeconomic status, healthy diet (fruits, grains, and 
vegetables), and unhealthy diet (sucrose, saturated fat, and sodium). 
Sensitivity analysis was performed restricting the sample to T2DM 
participants.
Results: Periodontitis clustered with other diabetes complications 
forming a latent construct dubbed diabetes-related complications. 
Age (standardized coefficient (SC)=0.63, SE 0.03; p<0.01), sex 
(SC=-0.20, SE 0.03; p<0.01), smoking (SC=0.39, SE 0.04; p<0.01), 
waist-hip ratio (SC=0.08, SE 0.04; p<0.01), physical activity (SC=-
0.11, SE 0.03; p<0.01), HbA1c (SC=0.15, SE 0.02; p<0.01), soci-
oeconomic status (SC=-0.41, SE 0.04; p<0.01), and dyslipidemia 
(SC=0.17; SE 0.05; p<0.01) were directly associated with the vari-
able diabetes-related complications. In addition, physical activity 
revealed an indirect effect on diabetes-related complications via the 
waist-hip ratio, mediated through the pathway waist-hip ratio lead-
ing to dyslipidemia. Sensitivity analysis considering stages of peri-
odontitis development showed consistent results. Furthermore, in the 
T2DM population, a healthy diet showed a significantly protective 
total and indirect effect on diabetes-related complications mediated 
by dyslipidemia.
Conclusion: Periodontal tissue breakdown co-occurs with multiple 
diabetes-related complications. For dentists, the presence of oral dis-
eases may serve as a screening tool for other complications. For other 
health professionals, T2DM patients, especially those with T2DM-
related complications, shall be encouraged to undergo an oral health 
screening for inflammation-related diseases.
Disclosure: F. Valentim Bitencourt: None.
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Anti-inflammatory and antibacterial DNA-Ag hydrogel as 
an antibody delivery system for in situ diabetic alveolar bone 
rebuilding
L. Peng, C. Wang, W. Li, G. Peng, L. Gou, Y. Zhou, Y. Zhang;
Department of Endocrinology and Metabolism, Center for Diabetes 
and Metabolism Research, West China Hospital, Sichuan University, 
Chengdu, China.

Background and aims: Periodontitis is the sixth major complica-
tion of Diabetes mellitus (DM), and periodontal bone destruction is 
accelerated in diabetic patients. Patients with DM have a weakened 
immune system and are susceptible to infection, and persistent infec-
tion plays deleterious roles in alveolar bone damage. The hyperin-
flammatory response in diabetes, especially the persistent elevation of 

TNF-a, seriously hinders the repair of diabetic alveolar bone defects. 
We aimed to design an anti-inflammatory, antibacterial, and osteo-
genic hydrogel that uses a DNA-Ag hydrogel as a soft bioscaffold for 
the long-term sustained release of TNFα antibody to reduce severe 
inflammation and enhance diabetic alveolar bone rebuilding.
Materials and methods: The anti-inflammatory and antibacterial 
DNA-Ag hydrogel (Ag-Gel) was created using DNA monomers, 
AgNO3 solution, and TNF antibody. The in vitro antibacterial 
activity of DNA-silver hydrogel was evaluated using Porphy-
romonas gingivalis, Escherichia coli, and Staphylococcus aureus. 
To establish a diabetes alveolar bone defect model, we created 
osseous defects in the alveolar bones of diabetic C57BL/6 mice. 
Mice with diabetic alveolar bone defect were randomly divided 
into four groups, and 5ul of PBS, anti-TNF solution (200ng TNF 
antibody in 5ul PBS), Ag-Gel, and Ag-antiTNFgel (200ng TNF 
antibody in 5ul Ag-Gel) were injected into osseous defects before 
the skin incisions were closed. Mice were sacrificed on postop-
erative days 0, 3, and 21, and the microCT assay, immunofluo-
rescence, immunohistochemistry, and qRT-PCR were performed 
to access the anti-inf lammatory and osteogenic ability of the 
Ag-antiTNFgel.
Results: DNA-Ag composites can effectively inhibit bacterial growth 
but do not affect cell proliferation in vitro. Porous microstructures of 
Ag-Gel favored the encapsulation of TNFα antibody and maintained 
TNFα antibody bioactivity for at least 7 days. Under physiological 
conditions, Ag-Gel can be gradually degraded or hydrolyzed, avoiding 
the potential undesired side effects on dental tissues. The long-term 
sustained release of bioactive TNFα antibody from Ag-antiTNFgel not 
only reduced periodontal inflammation and promoted M2 macrophage 
polarization, but it also triggered osteogenesis of mesenchymal stem 
cells (MSCs), resulting in accelerated alveolar bone formation and 
healing of alveolar bone defects in diabetic mice. Compared to PBS 
treatment, Ag-antiTNFgel and Ag-Gel treatment significantly acceler-
ated the defect healing rate of diabetic alveolar injury on day 21 post 
treatment by 1.74 ± 0.18 fold and 1.50 ± 0.31 fold, respectively, with 
improved trabecular architectures, whereas TNFα antibody treatment 
alone showed no difference with PBS treatment.
Conclusion: Our findings imply the potential application of the 
DNA-Ag hydrogel as the bioscaffold for antibody-based immuno-
therapy in diabetic alveolar bone injury.

Supported by: 21HXFH009
Disclosure: L. Peng: None.
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Fenofibrate lowers cardiac lipid accumulation and attenuates 
diabetic cardiomyopathy in db/db mice
S. Moon1, C.-M.  Oh2, J.  Yu1;
1Hallym university, college of medicine, Seoul, Republic of Korea, 
2Gwangju Institute of Science and Technology, Gwangju, Republic 
Korea of.

Background and aims: Myocardial lipid accumulation in the dia-
betic heart has been proposed as a major pathogenesis of diabetic 
cardiomyopathy. In patients with dyslipidemia, fenofibrate, a peroxi-
some proliferator-activated receptor alpha agonist, favorably modu-
lates lipid metabolism and avoids insulin resistance. However, there 
is still more to learn about the protective mechanism.
Materials and methods: This study used db/db mice as a model of dia-
betic cardiomyopathy (DCM) to examine how fenofibrate impacts heart 
function, lipid metabolism, inflammation, and immunological responses.
Results: After 8 weeks of fenofibrate treatment, db/db mice treated 
with fenofibrate showed lower weight gain, improved glucose homeo-
stasis, and lower triglyceride levels in the blood compared to vehicle-
treated db/db mice. Histological analysis showed that fenofibrate treat-
ment reduced fibrosis and lipid accumulation. Hyperglycemia with 
palmitate increased reactive oxidative species (ROS) and induced lipid 
accumulation in H9C2 rat cardiomyocytes, and fenofibrate prevented 
this destructive effect of high glucose in combination with palmitate 
mimicking a diabetic state. Determine the molecular mechanism of 
fenofibrate. We performed RNA sequencing on cardiac tissue from 
fenofibrate and vehicle-treated mice. Transcriptome analysis has 
shown that fenofibrate suppresses inflammatory and immunological 
responses in the heart via TNF (tumor necrosis factor) signaling
Conclusion: Our findings suggest that fenofibrate can be used as a 
therapeutic agent for DCM.
Disclosure: S. Moon: None.

952
Functional and gene regulatory changes in liver of C57Bl6 mice 
after chronic stress
A. Nikolic, P. Fahlbusch, N. Wahlers, M. Dille, S. Jacob, S. Hartwig, 
U. Kettel, H. Al-Hasani, J. Kotzka, B. Knebel;
German Diabetes Center, Düsseldorf, Germany.

Background and aims: A new diabetes classification distinguishes 
five endotypes that differ clinically and in susceptibility to late com-
plications. Interestingly, the endotype classification may change lon-
gitudinally independent of metabolic control. One influencing factor 
could be chronic stress, which promotes the progression of diabetes 
and metabolic syndrome. The aim of this study was to investigate the 
immediate influence of chronic stress on liver epigenetic status and 
its effects on metabolism.
Materials and methods: Male C57Bl6 mice (n=12) were exposed to 
chronic variable stress (Cvs) for 15 days and analyzed immediately 
after stress intervention compared to untreated littermates (Ctrl). Ani-
mals were phenotyped by NMR and indirect calorimetry. Metabolic 
assays and mitochondrial function were assessed in isolated hepato-
cytes and enriched mitochondrial fractions from liver tissue. Liver 
biopsies were obtained for molecular investigations, i.e. NGS-based 
methylome-, proteome and transcriptome analyses.
Results: Physiologically, acute Cvs resulted in decreased body weight 
(-2 g, p < 0.01 ), total energy expenditure (EE) and respiratory exchange 
ratio (RER) (EE: -14%, p < 0.05; RER: -6.3%), and increased blood 

glucose (1.5-fold, p < 0.01) and plasma NEFA (3-fold, p < 0.05) com-
pared to Ctrl. Total EE correlated negatively with plasma NEFA  (R2 = 
0.5491; p = 0.0354). In the liver, the DNA methylation pattern of regu-
latory gene regions involved in lipid or energy metabolism was altered, 
and associated with differential transcriptional regulation of molecules 
involved in lipid metabolism (GO enrichment p-value: 2.8x10-41), and 
hepatic steatosis (9.75  x10-9). In primary hepatocyte cultures analyses of 
lipid metabolism revealed a 6-fold (p < 0.0001) increase in ß-oxidation 
and 0.3-fold decrease in de novo lipogenesis following Cvs. Analysis of 
respiratory activity in primary hepatocytes, representing mitochondria 
in cellular context, revealed a 0.5-fold (p < 0.05) reduction in ATP 
production and 0.3-fold (p < 0.01) reduction in coupling efficiency after 
Cvs. Here, the thermodynamic efficiency of the electron transport chain 
was 0.2-fold (p < 0.05) lower compared to Ctrl. Detailed analysis of 
mitochondrial respiration in fractions of enriched hepatic mitochon-
dria in a controlled experimental setup, with restricted substrate supply, 
resulted in a 0.2-fold (p < 0.05) increased complex I-driven uncoupled 
respiration. Calculating the thermodynamic efficiency of mitochondria 
with restricted substrate supply revealed a 2-fold (p < 0.05) increase 
in complex I compared to Ctrl, which showed significant negative cor-
relation with EE  (R2 = 0.6852; p < 0.01) and positive correlation with 
NEFA values  (R2 = 0.7978; p < 0.01).
Conclusion: The preclinical Cvs model shows that significant 
changes of mitochondrial function depend on changes of the 
metabolic context and indicate a coherence of energy balance and 
substrate flux. The metabolic pressure caused by chronic variable 
stress leads to mitochondrial adaptation followed by sustained 
changes in epigenetic and gene regulation on multiple levels.
Supported by: DDG
Disclosure: A. Nikolic: None.

953
Circulating metabolites with race free eGFR and risk of kidney 
disease in individuals with type 2 diabetes: insights from the 
UK Biobank study
A.H. Bjorgvinsdottir, F. Persson, T.W. Hansen, M. Frimodt-
Møller, P. Rossing, T.S. Ahluwalia;
Complications Research, Steno Diabetes Center Copenhagen, Herlev, 
Denmark.

Background and aims: Type 2 diabetes (T2D) is a leading cause of 
chronic kidney disease (CKD). CKD due to diabetes is referred to as 
Diabetic Kidney Disease (DKD). As early-stage DKD is often asympto-
matic the existing markers of DKD result in late diagnoses and advanced 
disease. Metabolomics is a relatively new and sensitive approach allow-
ing discovery of molecular targets for disease diagnosis and pathomech-
anisms. This study aims to identify circulating metabolites associated 
with estimated race free eGFR, and DKD in T2D individuals.
Materials and methods: Incident T2D status was determined based 
on self-reported diagnoses, ICD10 code for primary care, age of dia-
betes onset above 35 years, and recent initiation of insulin therapy. 
Kidney function (eGFR) was estimated using serum creatinine based 
on the recent race free equation from 2021. DKD was defined as eGFR 
< 60 ml/1.73m2. High throughput NMR-based metabolomic profil-
ing (145 metabolites) on baseline plasma samples was available in 
3,754 T2D individuals. Association between metabolites and eGFR 
was tested using unadjusted and adjusted linear regression, adjusting 
for age, sex, diabetes duration, systolic blood pressure, BMI, smoking 
status,  HbA1c, and lipid lowering treatment. Further we investigated if 
these metabolites also associated with presence of DKD  (NDKD= 234) 
with an adjusted logistic regression model. Bonferroni multiple testing 
correction was performed and  padjusted<0.05 was considered significant.
Results: After adjustment, a total of 25 metabolites were found to be sig-
nificantly associated with the presence of DKD. The metabolite groups 
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that exhibited a negative association with DKD were high-density lipo-
proteins (HDL), cholesterol-related metabolites and small HDL lipids. 
The individual metabolites including glycine, phenylalanine, citrate, 
glycoproteins acetyls and triglycerides in very small HDL had a positive 
association with DKD. The study cohort had a mean (standard deviation) 
age of 60 (7) years, a bmi of 31.4 (5.5) kg/m2, an eGFR of 91 (13) ml/
min./1.73m2 and a median (IQR) 4.5 (X-X) years of diabetes duration.
Conclusion: We found three major metabolite groups and several 
individual metabolites that are significantly associated with DKD. 
These results suggest role of HDL and apolipoproteins, small HDL 
lipids, cholesterol-related metabolites, and certain individual metabo-
lites in disease pathogenesis. However, since this is a cross-sectional 
study, it is difficult to determine if an association is present. There-
fore, additional research is warranted to confirm these results and 
further exploration with their potential significance through longitu-
dinal data analysis and machine learning based prediction modelling 
is suggested.
Supported by: NNF18OC0052457
Disclosure: A.H. Bjorgvinsdottir: None.

954
The impact of type 2 diabetes and glycaemic control on mortality 
and clinical outcomes in hospitalised patients with COVID-19 in 
the capital region of Denmark
V. Kliim-Hansen1, K. S.  Johansson2, L. S.  Gasbjerg1,3, E. Jimenez-
Solem2,4, T. S.  Petersen2,4, M. E.  Nyeland2,5, A.-M.  Ellegaard1, M. 
G.  Pedersen1, F. K.  Knop1,5, M. B.  Christensen1,6;
1Center for Clinical Metabolic Research, Copenhagen University 
Hospital - Herlev and Gentofte, Copenhagen, Denmark, 2Depart-
ment of Clinical Pharmacology, Copenhagen University Hospital - 
Bispebjerg and Frederiksberg, Copenhagen, Denmark, 3Department 
of Biomedical Sciences, Faculty of Health and Medical Sciences, 
University of Copenhagen, Copenhagen, Denmark, 4Department of 
Clinical Medicine, Faculty of Health and Medical Sciences, Uni-
versity of Copenhagen, Copenhagen, Denmark, 5Steno Diabetes 
Centre Copenhagen, Herlev, Denmark, 6Copenhagen Centre for 
Translational Research, Copenhagen University Hospital - Bispe-
bjerg and Frederiksberg, Copenhagen, Denmark.

Background and aims: During the COVID-19 pandemic, patients 
diagnosed with diabetes have been overrepresented among patients 
admitted to hospital with COVID-19. We aimed to explore the impact 
of type 2 diabetes, glycaemic control and use of glucose-lowering med-
ication on clinical outcomes in hospitalised patients with COVID-19.
Materials and methods: For all patients admitted to hospitals in the 
Capital Region of Denmark (March 1, 2020, to December 1, 2021) with 
confirmed COVID-19, we extracted data on mortality, admission to 
intensive care unit (ICU), demographics, comorbidities, medication use, 
and laboratory tests from the electronic health record system. We com-
pared patients with type 2 diabetes to patients without diabetes adjusted 
for available confounding variables. Outcomes were 30-day mortality 
and admission to an ICU. For patients with type 2 diabetes, we also ana-
lysed the association between baseline glycaemic control levels (HbA1c) 
and use of specific glucose-lowering medications on these outcomes.
Results: In total, 4,430 patients were analysed, 1,236 with type 2 diabe-
tes and 2,194 without diabetes. The overall 30-day mortality was 19% 
(n=850) and 10% (n=421) were admitted to an ICU. Crude analyses 
showed that patients with type 2 diabetes both had increased mortality 
(crude HR 1.37 [95% CI 1.19-1.58]) and increased risk of ICU admis-
sion (crude HR 1.28 [95% CI 1.04-1.57]). When adjusted for confound-
ers, this discrepancy was attenuated for both mortality (adjusted HR 
1.13 [95% CI 0.95-1.33]) and risk of ICU admission (adjusted HR 1.01 
[95% CI 0.79-1.29]). Neither baseline HbA1c nor specific glucose-low-
ering medication use were significantly associated with these outcomes.

Conclusion: Among patients hospitalised for COVID-19, patients 
with type 2 diabetes had a higher risk of death and ICU admission, 
which largely disappeared when adjusting for confounders.
Supported by: NNF
Disclosure: V. Kliim-Hansen: None.

955
Comparison of bone mass density and trabecular bone quality in 
type 1 diabetes patients on multiple daily insulin regimens and 
with continuous subcutaneous insulin infusion
E. Kardalas, T. Stratigou, V. Antonopoulou, M. Giannakou, E. Sam-
panioti, E. Partsalaki, A. Diamantopoulos, M. Koulenti, V. Mitravela, 
P. Mouchtouris, M. Tzanela;
Endocrinology and Diabetes Department, European Centre of Expertise in 
Rare Endocrine Diseases, Evangelismos General Hospital, Athens, Greece.

Background and aims: Patients with type 1 diabetes (T1D) present with 
deteriorated bone metabolism and diminished bone quality and architec-
ture. It is not clear however whether different T1D treatment modalities 
have a dissimilar impact on bone metabolism. Our study aimed at evaluat-
ing bone mass density (BMD) at the femur neck (FN) and the lumbar spine 
(LS) and trabecular bone score (TBS) at the LS in adults with T1D on 
multiple daily insulin regimens (MDIR) compared to age-, sex-, and body 
mass index (BMI)-matched T1D patients using continuous subcutaneous 
insulin infusion (CSII) systems.
Materials and methods: A cohort of 102 adult T1D patients from our outpa-
tient endocrine clinics was studied. All patients had a T1D diagnosis for longer 
than 10 years, were either on MDIR or CSII systems for more than 2 years and 
were not receiving any antiosteoporotic or other medications affecting bone 
metabolism. Demographic and clinical data regarding glucose metabolism 
were collected. Furthermore, BMD and T-Score at the FN and the LS and TBS 
in the LS were estimated via a spine dual x-ray absorptiometry (DXA). Finally, 
the relationship between BMD, TBS and HbA1c was evaluated.
Results: 53 patients were male and 49 females (among them 6 postmeno-
pausal ones). 55 patients were on MDIR and 47 were being treated with 
CSII systems. Mean age (41.9±13.4 vs 42.4±12.5, p=0.128) and BMI 
(24.4±4.3 vs 25.7±5.1 kg/m2,p=0.23) were comparable for both MDIR 
and CSII groups of patients. Mean diabetes duration was slightly longer 
among MDIR patients (21.9±13.4 vs 19.4±12.1 years, p=0.22). On the 
contrary, CSII patients used markedly lower total daily insulin doses com-
pared to the MDIR ones (42.1±14.4 vs 47.1±12.3, p=0.014). Treatment 
with MDIR resulted to notably higher mean HbA1c levels in comparison 
to those of the CSII patients (7.91±0.85 vs 7.62±0.9%, p=0.032). Regard-
ing bone metabolism, the use of CSII was linked to higher mean BMD 
(0.894±0.133 vs 0.872±0.124, p=0.021) and T-Score values (-0.884±1.05 
vs-0.911±0.94, p<0.01) at FN. The same observation occurred for both 
BMD (0.994±0.166 vs 0.981±0.172, p=0.011) and T-Score (-0.943±1.15 
vs -0.981±1.21, p<0.01) at LS for patients on CSII treatment in comparison 
to those on MDIR. Furthermore, TBS was observed to be significantly 
higher in the CSII group of patients compared to that of MDIR (1.39 ± 0.17 
vs 1.34 ± 0.14, p = 0.011). Finally, we observed that in both groups, HbA1c 
was negatively and BMI was positively correlated with TBS. In detail, in 
MDIR patients both HbA1 and BMI had a weak to moderate correlation 
with TBS (r= -0.34 and +0.41 respectively) while in case of CSII patients, 
this correlation was stronger (r= -0.51 and +0.54 respectively).
Conclusion: BMD at both the FN and the LS and TBS at TBS 
were lower in adult patients with T1D on MDIR compared to those 
on treatment with CSII systems. Additionally, in both groups of 
patients higher BMI and lower HbA1c values corresponded with 
improved TBS values. Thus, better glycemic regulation, which is 
often achieved with the use of technology in the therapy of T1D 
patients potentially preserves bone mineral density, architecture 
and strength.
Disclosure: E. Kardalas: None.
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Methylglyoxal impairs the pro-angiogenic ability of mouse adi-
pose-derived stem cells (mADSCs) via a senescence-associated 
mechanism
A. Leone, A. Nicolò, I. Prevenzano, M. Piacente, M. Campitelli, D. 
Conza, C. Nigro, C. Miele;
URT-GDD, National Council of Research & Department of Trans-
lational Medicine - Federico II University of Naples, Naples, Italy.

Background and aims: Given the ease of collection through mini-
mally invasive procedures, adipose-derived stem cells (ADSCs) are a 
medically vital resource for modern regenerative medicine. Ongoing 
clinical trials involve the use of ADSCs for the treatment of damaged 
tissues, like ischemic wound in diabetic patients. ADSCs play a piv-
otal role in angiogenesis, through the activation and recruitment of 
endogenous cells involved in this process and the stabilization of new 
formed vessels. However, pathological conditions, like diabetes and 
the related hyperglycemia, compromise ADSCs functions, therefore 
limiting their use in regenerative medicine. Methylglyoxal (MG), a 
product of chronic hyperglycemia, has harmful effects on vascular 
function. MG causes cellular dysfunction through several molecular 
mechanisms including the activation of senescence pathways. This 
work aims at evaluating MG effect on ADSCs pro-angiogenic func-
tion and the molecular mechanisms involved.
Materials and methods: ADSCs were isolated from the subcu-
taneous adipose tissue of C57bl6 mice. The presence of surface 
markers was evaluated by cytofluorimetry. Differentiation ability 
was tested by Oil Red-O staining and gene expression by qPCR, 
following specific differentiation protocol. mADSCs viability was 
evaluated by MTT, while MG-adducts accumulation and p-p38-
MAPK protein levels by western blot. Human retinal endothelial 
cells (hRECs) migration was analyzed by transwell assays. p53 
and p21 mRNA levels were measured by qPCR, and SA-βGal 
activity by cytofluorimetry. Soluble factors release was analyzed 
by multiplex assay.
Results: Isolated mADSCs were characterized by the presence of 
surface markers and their differentiation ability. mADSCs show 
more then 95% positivity for CD29 and CD44, and less than 2% 
positivity for CD31 and CD45. They are able to differentiate in 
adipocytes as indicated by the increase of PPARγ2 (p=0.03), 
GLUT4 (p=0.004), AP2 (p<0.001) and ADIPOQ (p<0.001) genes 
expression, and by the Oil Red-O staining (p=0.001). Treatment 
with MG 100μM for 16h does not impair mADSCs viability and 
induces a 68% increase of MG-adducts in mADSCs (p=0.006). 
hRECs migration is reduced in response to both MG-treated mAD-
SCs and conditioned media (CM) from MG-treated mADSCs 
compared to untreated cells. This associates with an increase of 
SA-βGal activity (p<0.001), SASP factor (IL6, IL12 and MCP1) 
release (p<0.05), p53 and p21 mRNA levels (p<0.05), together 
with a reduced release of VEGF and PDGF (p<0.05) by MG-
treated mADSCs and a reduced p38-MAPK activation (p=0.008) in 
hRECs. The impaired hRECs migration and p38-MAPK activation 
are reverted by dasatinib and quercetin treatment, in combination.
Conclusion: MG impairs mADSCs pro-angiogenic function through 
the induction of a senescent phenotype associated with the reduced 
secretion of growth factors crucial for hRECs migration. Together, 
obtained data provide novel information about the direct harmful 
effect of MG on mADSCs function, paving the way for the optimiza-
tion of therapeutic strategies involving the use of autologous ADSCs 
for the treatment of diabetic-associated vascular defects.
Disclosure: A. Leone: None.

957
Haemoglobine glycation index based on continuous/flash glucose 
monitoring is related to microvascular complications in type 1 
diabetes
M. Pehr1,2, V. Navrátilová1,2, E. Horová1,2, M. Prázný1,2, J. Škrha 
Jr.1,2;
13rd Department of Internal Medicine, First Faculty of Medicine, Charles 
university Prague, Praha, Czech Republic, 23rd Department of Internal 
Medicine, General University hospital Prague, Praha, Czech Republic.

Background and aims: The growing use of continuous glucose sensors 
has enabled the assessment of diabetes control by the glucose manage-
ment indicator (GMI) based on average glycemia and thus glycation 
only. In certain patients, GMI differs significantly from glycated hae-
moglobin  (HbA1c), which characterises both glycation and deglycation 
processes together. This difference is characterised by the haemoglobin 
glycation index (HGI). The aim of this study was to evaluate HGI in the 
relation to diabetes vascular complications.
Materials and methods: In total, 344 Type 1 diabetes patients were 
included in the study (aged 42 ± 12 years, females 54 %) using con-
tinuous glucose monitoring (CGM, 53 %) or flash glucose monitoring 
(FGM, 47 %), treated with insulin pens (56 %) or insulin pumps (44 
%). HGI was calculated as a difference between  HbA1c and GMI. 
Routine biochemical markers, albuminuria, diabetic complications, 
and anthropometric data were obtained in all participants.
Results: Specific diabetic complications were observed in 29 % of the indi-
viduals (21 % retinopathy, 8 % diabetic kidney disease, 14 % neuropathy, 2 
% diabetic foot syndrome). The mean  HbA1c was 57±12 mmol/mol, GMI 
53±9 mmol/mol and the time in range (TIR) 65±17 %. For further analy-
ses, patients were divided according to HGI into tertiles: “higher glycators” 
(HGI+; 6.1-43.5), “average glycators” (HGI0; -0.1-6.1) and “lower gly-
cators” (HGI-; -16.9- (-0.1)). Statistically significant differences between 
subgroups were observed in  HbA1c (68±12, 55±8 and 49±9 mmol/mol, 
p<0.0001), TIR (60±18, 68±16 and 67±19 %, p<0.005), weight (76±14, 
75±14 and 81±17 kg, p<0.01) and age (45±16, 44±13 a 38±12 years, 
p<0.001). In contrast, there were no differences in the duration of diabetes 
(18±13, 16±11 and 15±11 years, NS), total daily dose of insulin (50±22, 
44±17 a 49±23 IU, NS), GMI (55±11, 52±7 and 53±8 mmol/mol, NS) and 
BMI (25±4, 25±4 a 26±5 kg/m2, NS). Patients with diabetic microvascular 
complications had significantly higher HGI in comparison to patients with-
out them (HGI 6.7 (-9.1-43.5) vs. 2.9 (-16.9-36.3), p<0.0005).
Conclusion: HGI reflects inter-individual glycation variability and 
explains the mismatch between GMI assessed by CGM/FGM and 
measured HbA1c. The higher HGI observed in patients with diabetic 
complications supports the harmful role of increased glycation due to 
decreased deglycation in the pathogenesis of diabetic vascular changes.
Supported by: grant RVO-VFN64165 and EXCELES LX22NPO5104 
CarDia programme
Disclosure: M. Pehr: None.

958
Cathepsin K as an early marker of cardiovascular organ damage 
in type 2 diabetes
M. Massimino1, G.C.  Mannino1, G.  Monea1, M.  Rubino1, C.  Averta1, 
A.  Palummo1, E.  Mancuso2, A.  Sciacqua1, E.  Succurro1, G.  Sesti3, 
F.  Andreozzi1;
1Medical and Surgical Sciences, University of Magna Graecia, Cat-
anzaro, Italy, 2Sciences of Health, University of Magna Graecia, 
Catanzaro, Italy, 3Clinical and Molecular Medicine, University of 
Rome-Sapienza, Rome, Italy.

Background and aims: Several clinical evidences reported the 
involvement of a particular class of cysteine proteases, cathepsins 
B, C, K, L and S, and their endogenous inhibitor, cystatin C, in the 
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pathogenesis of cardiovascular diseases (CVD). In particular, high 
Cathepsin K (CatK) concentrations have been found in atherosclerotic 
lesions. Furthermore, clinical studies showed that CatK ablation in a 
murine model ameliorated diabetes-induced hyperglycemia, altera-
tions in energy metabolism, and cardiovascular structural/functional 
abnormalities. However, the involvement of CatK in cardiovascular 
complications associated with diabetes and the potential molecular 
mechanisms involved have not been elucidated yet.
Materials and methods: To address this issue, we analyzed the 
potential role of serum CatK levels in a cohort of 551 well-charac-
terized individuals participating in the CATAMERI study, of which 
147 were normo-glucose tolerant, 134 were pre-diabetic, 270 had 
type 2 diabetes. We evaluated the clinical utility of measuring CatK in 
assessing subclinical cardiovascular organ damage defined by carotid 
artery intima-media thickness (c-IMT, high resolution B-mode ultra-
sound) and left ventricular mass index (LVMI, calculated using the 
Devereux equation for LVM and normalized by body surface area).
Results: The comparison of NGT, prediabetes and T2DM groups 
evidenced a significant increment of circulating CatK levels with 
T2DM individuals showing higher mean values (2.43 ± 0.97 ng/ml) 
compared to NGT and prediabetes (1.15 ± 0.52 and 1.22 ± 0.33 ng/
ml, respectively). After correction for age, sex and BMI, circulating 
CatK levels were negatively correlated with HDl cholesterol levels, 
and positively correlated with triglycerides (r = 0.088, p = 0.041), 
fasting glucose levels (r = 0.316; p<0.001), fasting insulin levels 
(r = 0.268; p <0.001), HOMA-IR (r = 0.336; p<0.001), HbA1c 
(r = 0.376; p <0.001), c-IMT measures (r = 0.213; p < 0.001) 
and LVMI in the female subset of the population (r = 0.217; p 
<0.01). No significant correlation was observed between CatK and 
LVMI in the male subset (r = -0.027; p=0.644). In order to estimate 
the independent contribution of CatK levels to c-IMT in T2DM 
patients, a multiple linear regression analysis was performed. the 
variables that resulted significantly associated with c-IMT in the 
T2DM group were age (β = 0.287; p < 0.001), sex (β = 0.209; p = 
0.003), and CatK concentration (β = 0.160; p = 0.022). Compari-
son of standardized coefficients allowed to determine the relative 
impact of each factor on LVMI. Age (β = 0.392; p < 0.001) and 
CatK (β = 0.208; p = 0.046) were significantly associated with 
LVMI in women.
Conclusion: Our data confirm that CatK circulating levels are cor-
related with markers of glucose tolerance and insulin resistance in 
the general population, and are increased in T2DM patients com-
pared to normo-glycemic and pre-diabetic individuals. Further-
more, we report a significant and positive relation between CatK 
and markers of early cardiovascular organ damage (c-IMT and 
IMVS) in the diabetic population, indicating that CatK may play a 
role in the early etiopathogenesis of CVD complications in T2DM.
Disclosure: M. Massimino: None.

959
Association of endotoxaemia with low grade inflammation, met-
abolic syndrome and distinc response to LPS in type 1 diabetes
A. Fedulovs1, L.  Pahirko2, K. Jēkabsons1, L.  Kunrade1, J.  Valeinis2, 
U. Riekstiņa1, J.  Sokolovska1;
1Faculty of Medicine, University of Latvia, Riga, Latvia, 2Faculty of 
Physics, Mathematics and Optometry, University of Latvia, Riga, Latvia.

Background and aims: Mechanisms of endotoxaemia as a source 
of low grade inflammation in type 1 diabetes (T1D) are not clear 
enough. The leakage of bacterial endotoxins (lipopolysaccharide, 
LPS) into the bloodstream through deranged mucosal barriers in 
predisposed patients and LPS defective neutralization might be asso-
ciated with sustained inflammation in T1D. Our aim was to inves-
tigate the levels of LPS, LPS binding protein (LBP), endogenous 

anti-endotoxin core antibodies (EndoCAb IgG and IgM) and high 
sensitivity C reactive protein (hsCRP) in T1D as compared to sub-
jects with normal glucose metabolism, and to study clinical factors 
associated with these markers for better understanding of endotox-
aemia etiology and response to LPS in T1D.
Materials and methods: 74 T1D patients with diabetes duration 
of least 8 years and 33 generally healthy adults (control) were 
included in this cross-sectional study. LPS activity, EndoCAb IgG 
and IgM, LPB and hsCRP levels in serum and faecal calprotec-
tin were analysed by ELISA. Metabolic syndrome (MS) in T1D 
patients was assessed based on presence of central obesity, hyper-
tension and dyslipidaemia according to accepted cut-offs.
Results: Among 74 patients with T1D 31 had MS. Patients with 
diabetes and controls did not differ in anthropometric measures 
and gender distribution. Patients with T1D had statistically sig-
nificantly higher levels of hsCRP (Control: 0.47 (0.26 - 0.75) mg/l, 
T1D: 0.84 (0.49 - 1.78) mg/l, p = 0.002), and EndoCAb IgG (con-
trol 71.1 (55.7 - 101.5), GMU/ml, T1D 92.6 (65.8 - 148.6), GMU/
ml, p=0.091) compared to controls. LBP (β = 0.29 (0.08; 0.50), 
p = 0.007), EndoCAb IgG (β = 0.25 (0.04; 0.46), p = 0.019) and 
LPS were significantly associated with hsCRP in T1D in linear 
regression model. In contrast to the situation in the control group, 
LPS did not correlate with its binding proteins LBP, EndoCAb, as 
well as with leukocytes and HDL in patients with diabetes, indi-
cating on distinct response to endotoxin in T1D. Within diabe-
tes group, patients with MS had higher level of LPS compared to 
patients without MS (MS 0.42 (0.35 - 0.56), no MS 0.34 (0.3 - 0.4), 
p=0.009) and MS was statistically significantly associated with 
LPS (OR = 3.3 (1.6; 6.8), p = 0.001) and EndoCAb IgM (OR = 
0.43 (0.20; 0.91), p = 0.027). In the T1D group, only 6 patients 
had high levels of faecal calprotectin above 50 μg/g, with 5 of them 
being above 200 μg/g. Calprotectin levels did no differ between 
control and T1D at medians. Within the T1D group, patients with 
MS had statistically significantly higher calprotectin levels at the 
middle deciles ((quantile difference 40%: 4.3 (0.23, 9.98), p=0.036; 
50%: 6.9 (1.24, 11.81), p=0.014; 60%: 8.72 (2.47,13.13), p<0.011).
Conclusion: We observed higher level of hsCRP and EndoCAb IgG and 
differences in response to LPS in patients with T1D as compared to con-
trols. In T1D, endotoxin, LBP and EndoCAb IgG were significantly asso-
ciated with hsCRP. In turn, LPS and EndoCAb IgM were significantly 
associated with MS. Further studies are needed to clarify the pathophysi-
ology of endotoxaemia and to enable development of approaches aimed 
against LPS promoted low grade inflammation in T1D.
Supported by: project No. 1.1.1.2/VIAA/3/19/525, project No. 
8.2.2.0/20/I/006, MikroTik donation administrated by ULF
Disclosure: A. Fedulovs: None.

960
The relationship between residual insulin secretion and sub-
clinical cardiovascular risk indices in young adults with type 1 
diabetes
A. Garbi1, A.  Barmpagianni1, G.  Karamanakos1, I.A.  Anastasiou1, 
S.  Driva1, A.  Kountouri2, M.  Bonou3, J.  Barbetseas3, V.  Lambadiari2, 
S.  Liatis1;
1Diabetes Center, First Department of Propaedeutic Internal Medi-
cine, Athens University Medical School, Athens, Greece, 22nd 
Department of Internal Medicine—Propaedeutic and Research 
Institute, Athens University Medical School, “Attikon” University 
Hospital, Athens, Greece, 3Cardiology Department, Laiko General 
Hospital, Athens, Greece.

Background and aims: The presence of residual insulin secretion, as 
measured by the levels of serum C-peptide, has been associated with 
reduced incidence of retinopathy and nephropathy, in patients with 
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type 1 diabetes (T1D). Despite the protective effect of residual insulin 
secretion on overt microvascular complications, its value on subclini-
cal markers of complications has not been established. The purpose 
of the study is to investigate the relationship between residual insu-
lin secretion, subclinical cardiovascular disease (CVD) and cardiac 
autonomic function (CAF) in young patients with type 1 diabetes.
Materials and methods: A total of 137 consecutive young patients 
with T1D, aged ≤45 years, without clinical evidence of CVD or 
chronic kidney disease, were prospectively enrolled. A fasting C-pep-
tide value of ≥0.05 ng/mL was used as a residual insulin secretion 
marker. Pulse wave velocity (PWV) measurement was used as a sub-
clinical atherosclerosis marker. Cardiac autonomic function (CAF) 
was evaluated at rest and dynamically by measuring the total power 
variability of heart rate (TP) and the ratio of heart rate variation 
between expiration/inspiration (E/I), respectively.
Results: In the study population (63.5% female, mean age 29±8 
years, mean duration of diabetes 16±8 years, mean HbA1c 7.6±1.3%, 
median C-peptide 0.04 (0.03-0.05) ng/mL), residual insulin secretion 
was detected in 32 (23.4%) individuals and was associated with lower 
PWV [8.1 (7-8.7) vs 9.2 (7.8-10.1) m/s] and higher HRV both at rest 
(TP) [1124 (600-3277) vs 577 (207-2091)] and during respiratory 
changes (E/I) [1.4 (1.2-1.5) vs 1.3 (1.2-1.4)]. In multivariate linear 
regression analysis, residual insulin secretion was associated with 
lower PWV (β = -0,25, p=0,004) and higher ΤP (β=0,19, p=0,03) 
and Ε/Ι ( β=0,17, p=0.04), independently of age, gender, age at dia-
betes diagnosis and duration of diabetes.
Conclusion: Residual insulin secretion is associated with favourable 
measurements of subclinical CVD and CAF in young patients with 
T1D, suggesting the importance of preserving residual insulin secre-
tion in the management of T1D.
Disclosure: A. Garbi: None.

SO 89 Diabetes: a systemic disease

961
Effect of glycaemic control on oral health status in patients with 
diabetes: analysis using a national survey in Korea
H. Jeon1, S.-K.  Lee2, J.  Lim1, D.-H.  Lee1;
11, Chungdae-ro, Seowon-gu, Cheongju, Republic of Korea, 2222, 
Wangsimni-ro, Seongdong-gu, Seoul, Republic of Korea.

Background and aims: Diabetes is a risk factor for inflammation, 
including periodontitis. Glycemic control and oral health are closely 
related in patients with diabetes. Poor glycemic control affects oral 
health, and poor oral health influences glycemic control. The aim 
of the present study is to evaluate the association between glycemic 
control and oral health status in patients with diabetes.
Materials and methods: Using a population-based nationwide 
survey between 2007 and 2019, we identified 70,554 adult subjects 
who had information for the definition of diabetes. They comprised 
subjects with diabetes (n = 9,090) and control (n = 61,464). Using 
multivariable logistic regression analyses, we evaluated the associa-
tion between glycemic control expressed by the mean values of gly-
cated hemoglobin (HbA1c) and the number of remaining teeth; the 
presence of periodontitis; the Decayed, Missing, and Filled Teeth 
(DMFT) index; and denture wearing.
Results: Compared with the control group, patients with diabetes had a 
higher proportion of periodontitis (88.6% vs. 73.3%), complete denture 
(5.0% vs. 1.5%), and high DMFT index (33.2% vs. 26.7%) (P < 0.001 
for all). In multivariable analyses, denture status (removable partial 
denture [adjusted odds ratio (aOR) = 1.31, 95% confidence interval 
(95% CI) = 1.12-1.53] and lower frequency of tooth brushing (≤2 
times) (aOR = 1.21, 95% CI = 1.03-1.42), and fewer permanent teeth 
(0-19) (aOR = 1.72, 95% CI = 1.40-2.11) were significantly associated 
with diabetes. Furthermore, those with poor glycemic control (HbA1c 
≥8%) had a significantly higher proportion of lower frequency of tooth 
brushing (≤2 times) (aOR = 1.47, 95% CI = 1.05-2.04 A positive 
correlation was observed between the increase of HbA1c and the risk 
of fewer remaining teeth (0-19) (aOR = 1.35, 95% CI = 0.98-1.85 
in HbA1c <6.5%, aOR = 1.93, 95% CI = 1.46-2.55 in 6.5 ≤ HbA1c 
<8.0%, and aOR = 1.85, 95% CI = 1.22-2.85 in HbA1c ≥8%).
Conclusion: The present study demonstrated that diabetes was sig-
nificantly associated with poor oral health status. Furthermore, fewer 
permanent teeth (≤19) were significantly related to glycemic control. 
Therefore, when managing diabetic patients, physicians should pay 
attention to oral health and try to maintain good glycemic control.
Disclosure: H. Jeon: None.

962
Trimethylamine n-oxide and impaired kidney function: a chicken 
and egg situation
I. Konrade, M. Ozola, E. Liepinsh, M. Dambrova;
Riga Stradins University, Riga, Latvia.

Background and aims: For more than decade, increased levels of tri-
methylamine N-oxide (TMAO) have been associated with an unhealthy 
diet and risk of cardiometabolic diseases. Data from various patient 
populations strengthen the opinion of TMAO as a biomarker of athero-
sclerotic cardiovascular disease and overall mortality; however molecu-
lar mechanisms of detrimental effects of TMAO at organ level remain 
poorly characterized. In a high-fat diet model of insulin resistance in 
mice supplemented with 0.2% TMAO we observed a 3.3-fold higher 
accumulation of TMAO in the kidneys compared to other tissues. Our 
aim of the following study was to test the hypothesis that the extent of 
kidney injury determines TMAO accumulation in kidneys.
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Materials and methods: Two experimental models were chosen to 
mimic kidney injury of different severity: (a) advanced type 2 diabetes 
model in db/db mice, where db/Lean mice served as healthy controls 
and (b) model of acute kidney tubular injury induced by gentamicin in 
rats. In this experimental model, all measurements were performed at 
baseline and after induction of acute kidney injury by administration 
of gentamicin (subcutaneous injection, 30 mg/kg for 7 days). For the 
comparison of TMAO levels in the kidneys, other age- and strain-
matched but treatment naïve rats were used. In addition, concentrations 
of kidney injury markers and gene expression levels of the TMAO 
efflux and uptake transporters were measured in both experimental 
models. To complement the observations from preclinical model set-
tings, (c) plasma samples were collected from patients with type 1 and 
type 2 diabetes and varying levels of kidney function. Measurements of 
TMAO levels in all samples were performed by UPLC/MS/MS method.
Results: In db/db mice we observed significantly impaired glucose 
tolerance and weight gain compared to lean mice; however, kidney 
injury was not pronounced. Despite this and in the absence of TMAO 
supplementation, TMAO levels in the kidneys of db/db mice were 
3-fold higher than in lean control mice. Results supporting the hypoth-
esis that TMAO accumulation depends on renal failure stage were 
obtained in the gentamicin-induced kidney injury model, where we 
saw a dramatic increase in kidney injury markers (urinary KIM-1 
and NGAL, blood urea nitrogen (BUN)) and 45-fold higher levels 
of TMAO than in control rats. After subcutaneous administration of 
TMAO (10 mg/kg), we found a severely impaired pharmacokinetic 
profile in the gentamicin-induced kidney injury model. About twice 
lower amount of TMAO was excreted compared to experiments per-
formed at the beginning of the study. In addition, altered expression 
of the TMAO efflux and uptake transporters, OCT2, OSTα, Abcb1b 
and Abcg2, was observed in both experimental models. Data from 
the clinical setting confirmed the relationship between kidney tubular 
function and plasma TMAO levels, as we found a moderate correlation 
between plasma TMAO levels and BUN levels in patients with diabe-
tes and varying levels of kidney function. Additionally, the changes 
in plasma TMAO levels were completely independent of glycemic 
parameters (fasting plasma glucose, HbA1c).
Conclusion: Our results present preclinical and clinical evidence 
that renal tubular injury and impaired transport mechanisms lead 
to excessive accumulation of TMAO in kidney tissue, which might 
further worsen the kidney function.
Disclosure: I. Konrade: None.

963
The impact of diabetes status on total and site-specific cancer risk 
in the elderly population: a nationwide cohort study
E.-Y. Lee1, J.-S.  Yun1, K.-H.  Song2, Y.-B.  Ahn1, K.  Kim1, K.  Han3, 
S.-H.  Ko1;
1The Catholic University of Korea, Seoul, Republic of Korea, 2Inter-
nal Medicine, The Catholic University of Korea, Seoul, Republic of 
Korea, 3Soongsil University, Seoul, Republic of Korea.

Background and aims: Whether diabetes status is associated with 
cancer risk in the elderly remains unknown. We aimed to investigate 
association of diabetes status with total and site-specific cancer risk 
in the elderly Korean population.
Materials and methods: This nationwide cohort study included 1,232,173 
subjects aged ≥65 years who underwent a national health screening 
program. Diabetes status was categorized as normal glucose tolerance, 
impaired fasting glucose, new-onset diabetes, diabetes duration of <5 
years, and diabetes duration of ≥5 years. Cox proportional hazards mod-
els were used to calculate the hazard ratio and its 95% confidence interval.
Results: During a median follow-up of 9.3 years, 177,647 subjects 
were diagnosed with any type of cancer. The risk of total cancer 

increased as diabetes status worsened, as did the risks of liver, biliary, 
and pancreatic cancer. Moreover, risks of liver, biliary, and pancreatic 
cancer were significantly higher in subjects aged 65-74 years than in 
those aged ≥75 years. In addition, the relationship of diabetes status 
with overall cancer incidence was found to significantly interact with 
sex. Regardless of diabetes duration, the risks of liver and lung cancer 
were significantly higher in men than in women.
Conclusion: Diabetes status is associated with increased risk of can-
cer in the elderly. Our results also indicate age and sex differences 
in the risk of total and site-specific cancers, including liver, biliary, 
and pancreatic cancer. This study highlights the importance of cancer 
screening for elderly patients with diabetes.
Disclosure: E. Lee: None.

964
Prevalence, determinants and implications of screen positivity for 
heart failure (using NTProBNP) in people with type 2 diabetes 
and hypertension with normal ECG
A. Joshi1, D.  Dalal2, H.  Singh3, S.  Patil3;
1Endocrinology, Bhaktivedanta Hospital And Research Institute, 
Mira Road(E), Thane, India, 2Medicine, Bhaktivedanta Hospital And 
Research Institute, Mira Road(E), Thane, India, 3Cardiology, Bhaktive-
danta Hospital And Research Institute, Mira Road(E), Thane, India.

Background and aims: Type 2 diabetes mellitus(T2DM) is the 
leading risk factor for coronary artery disease (CAD) and heart 
failure(HF) which can be occult. The guidelines have clearly advo-
cated different approach for those with known cardiac(including HF) 
and renal disease in T2DM. The current study is the audit of extend-
ing routine NTProBNP screening in asymptomatic T2DM subjects 
with hypertension(HTN) having normal electrocardiogram(ECG) 
to identify occult HF. Aim: 1) To identify prevalence of occult HF 
amongst T2DM subjects with HTN with normal (ECG) by using 
NTProBNP as screening test. 2) To understand the risk factors for 
screen positivity(S+) for HF 3)To further try to identify reversible 
factors affecting the cardiac health including CAD screening
Materials and methods: It is a prospective cross sectional study. 
People with T2DM and HTN between 18-75 years attending the out 
patient department were offered NTProBNP testing. Those with known 
pregnancy, cardiac arrythmias, prior HF, known CAD/stroke/peripheral 
vascular disease, chronic kidney disease (eGFR<60 ml/min), chronic 
liver disease (ALT/AST>2 times upper limit of normal), respiratory 
failure, malignancy, recent infection or any terminal illness were 
excluded. Those with levels above 125 pg/ml were labelled as S+ for 
HF. Statistical analysis was done to analyse differences between age, 
body mass Index(BMI), duration of diabetesDOD), HbA1C, blood 
pressure(BP), heart rate(HR) etc. between those who S+ and those who 
screen negative for HF. These subjects underwent thorough cardiology 
assessment including coronary calcium scoring(CCS) and if deemed 
necessary revascularisation as well as change in medical management.
Results: Of the 318 people with T2DM and HTN screened till date 
120 S+ with NTProBNP levels above 125 pg/ml. Those who S+ for 
HF were having advanced age (64+10 vs 56+8), longer DOD(13+7 vs 
11+6), higher BMI (27+2 vs 26+2), stronger family history of heart 
disease(42% vs 18%), higher HR (88+15 vs 82+9)& systolic BP(SBP)
(151+21 vs 132+13) and diastolic BP(87+9 vs 84+7){ p<0.05}. Spe-
cifically, for 1 year increase in age, the odds of having HF increased 
by 9% (aOR = 1.09, 95% CI = 1.05 to 1.13, p < 0.0001). Those with 
a family history of heart disease had 3.37 times higher odds of having 
S+HF (aOR = 3.37, 95% CI = 1.68 to 6.93, p = 0.0007). For each 1 
mmHg increase in SBP, the odds of having HF increased by 7% (aOR 
= 1.07, 95% CI = 1.05 to 1.10, p < 0.0001). Finally, for 1 year increase 
in DOD, the odds of having HF increased by 1% (aOR = 1.01, 95% CI 
= 0.96 to 1.07, p = 0.64). Of those who S+ 2D ECHO showed reduced 
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ejection fraction in 4/108 and CCS was significantly elevated(>100) 
in 72/102 .
Conclusion: Occult HF and CAD are common in people T2DM with 
HTN. NTProBNP can be a useful marker to identify those with occult 
HF with normal ECG. Those with advanced age, longer DOD, higher 
BMI and raised BP and HR are at higher risk of testing screen + 
for HF. Those who S+ for HF may benefit from proactive screen-
ing for CAD. The implications in present era extend much beyond 
merely identifying patients for cardiac interventions and extend to 
introduction of cardiofriendly anti diabetics, more focus on weight 
and BP management as well as proactive risk stratification for CAD 
component.
Disclosure: A. Joshi: None.

965
High mannose correlates with surrogate indexes of insulin resist-
ance and predicts cardiovascular events independently of glycae-
mic status and traditional risk factors
E. Fortin1, B.  Campi2, E.  Ferrannini2, A.  Mari3, L.  Mellbin1, A. 
 Norhammar1, P. Näsman4, L. Rydén1, A.  Saba5, G.  Ferrannini1;
1Medicine K2, Karolinska Institutet, Stockholm, Sweden, 2CNR Insti-
tute of Clinical Physiology, Pisa, Italy, 3CNR Institute of Neurosci-
ence, Padova, Italy, 4Center for safety research, KTH Royal Institute 
of Technology, Stockholm, Sweden, 5Department of Pathology, Uni-
versity of Pisa, Pisa, Italy.

Background and aims: High mannose, an emerging marker of insu-
lin resistance (IR), has been associated with coronary artery disease 
both in patients with and without glucose perturbations. It is, how-
ever, not known if mannose levels also reflect impaired insulin secre-
tion and predict cardiovascular (CV) events in such patients. This 
study explored the associations between mannose, surrogate indexes 
of IR and insulin secretion, and long-term prognosis in subjects with 
and without dysglycaemia.
Materials and methods: Fasting plasma mannose was assayed by 
high-performance liquid chromatography coupled to tandem mass 
spectrometry (HPLC-MS-MS) in 696 cases with a first myocardial 
infarction (MI) and 707 controls from the PAROKRANK study. Sub-
jects free of diabetes underwent a 2-hour OGTT and were catego-
rized as having either NGT (n=1045) or newly detected dysglycaemia 
(i.e., impaired glucose tolerance or type 2 diabetes; n=358). Mannose 
associations with multiple surrogate indexes of IR and insulin secre-
tion (e.g., HOMAs, Stumvolls and insulinogenic indexes) calculated 
by means of glucose, insulin and C-peptide levels measured during 
the OGTT, were explored using univariate and multivariate linear 
regression models. Multivariate Cox models were used to investigate 
the associations between mannose, categorized as high (top quartile) 
vs low (lowest three quartiles), and the first of a composite of major 
adverse cardiac events (MACE) defined as CV death, MI and stroke 
during 10 years of follow-up.

Results: Mannose levels were associated with all indexes of IR in the 
total population (all p<0.0001) independently of index MI, glycaemic 
state, body mass index (BMI), and other covariates. Most associa-
tions with indexes of insulin secretion, except for C-peptide clearance 
(p=0.04) and basal insulin secretion rate (p=0.03), disappeared after 
controlling for IR. Consistent results were found in NGT and dysgly-
caemia subgroups, separately. High mannose remained as the only 
predictor of MACE (HR: 1.58, 95% CI 1.10-2.27) after adjustments 
for traditional CV risk factors and IR expressed as HOMA-IR in the 
overall population (Figure 1). There was no significant interaction 
between high mannose and dysglycaemia group (interaction p=0.94).
Conclusion: Mannose strongly correlated with different OGTT-
derived indexes of IR and predicted MACE independently of tra-
ditional CV risk factors and IR in a population at varying cardio-
metabolic risk. Our findings strengthen the notion that mannose is 
a sensitive marker linking IR and CVD independently of glycaemic 
state and might represent a novel clinical tool targeted for CV risk 
stratification.

Supported by: ALF project, Swedish Heart and Lung Foundation
Disclosure: E. Fortin: None.
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Impact of previous preeclampsia on preclinical atherosclerosis 
among women with type 1 diabetes across different risk strata
C.J. Milad1, V.  Perea2, C. Viñals1, D.  Ayala1, I.  Conget1, M. 
Giménez1, T. Serés-Noriega1, M.  Claro1, A.  Mesa1, J.  Blanco1, E. 
 Esmatjes1, I.  Vinagre1, A.J.  Amor1;
1Diabetes Unit, Endocrinology and Nutrition Department, Hospital 
Clinic de Barcelona, Barcelona, Spain, 2Endocrinology and Nutrition 
Department, Hospital Universitari Mútua Terrassa, Terrassa, Spain.

Background and aims: History of preeclampsia (PE) has been estab-
lished as an independent risk factor for cardiovascular disease (CVD), 
although its impact on CVD risk in women with type 1 diabetes (T1D) 
has been scarcely studied. We aimed to assess the independent associa-
tion of PE and preclinical atherosclerosis in women with T1D across 
different risk strata.
Materials and methods: Cross-sectional study in individuals with 
T1D without CVD and with at least one of the following: ≥40 
years, diabetic kidney disease, or ≥10 years of T1D duration with 
another CVD risk factor. PE information was obtained by patient 
interview and the revision of medical records. CVD risk was esti-
mated according to the Steno T1 Risk Engine (Steno-Risk; <10% 
low, 10-20% intermediate, ≥20% high). Standardized carotid ultra-
sonography was performed and the presence of carotid plaques (CP) 
was recorded. The relationship between previous PE and CP, over 
the estimated CVD risk, was assessed by logistic regression and 
receiver operating curve (ROC) analysis.
Results: Among the 723 individuals who underwent ultrasonog-
raphy, 353 were women, of which 220 had at least one previ-
ous pregnancy (49 complicated by PE; mean age 50.3±9.4 years, 
T1D duration 27.5±10.1 years, 5-year mean HbA1c 7.6±0.93%). 
Thirty-nine percent presented at least one CP. Women with his-
tory of PE were younger (47.4 vs. 51.2 years), had longer diabetes 
duration (29.6 vs. 27.0 years) and lower HDLc (61 vs. 68 mg/dL; 
p<0.05 for all). Further, there was a trend towards higher preva-
lence of retinopathy (43% vs. 30%, p=0.087) and hypertension 
(33% vs 23%, p=0.161) among those with this obstetric compli-
cation. Although there were no differences in CP prevalence in 
the whole cohort (38.6% without PE, 40.8% with PE, p=0.779), 
those allocated at low risk (n=59) did show higher prevalence if 
they had history of PE (26.7% vs. 4.5%, p=0.032). Furthermore, 
when combining the low/moderate risk groups (n=156), the same 
trend could be observed (37.1% vs. 24.8%; p=0.150). In logistic 
regression analysis adjusted for Steno-risk score, the presence of 
PE was independently associated with CP, both in the low risk 
strata (Figure, panel A: OR 8.04 [1.27-50.8], p=0.027) and when 
combining low/moderate risk (Figure, panel B: OR 2.65 [1-08-
6.49], p=0.033). Finally, the identification of CP was better when 
adding the information about the history of PE over the Steno-
Risk, especially in those allocated to low risk (AUC 0.547 vs. 
0.796), although not reaching statistically significance (p=0.115).
Conclusion: Previous PE was independently associated with 
carotid atherosclerosis in women with T1D at low/moderate risk. 
Obstetric complications should also be accounted for CVD pre-
vention in T1D.

Disclosure: C.J. Milad: None.

967
Gender inequalities in cardiovascular history, risk factors and 
care in type 1 diabetes in Germany and France: the data from 
DPV and SFDT1
E. Cosson1,2, M.  Auzanneau3,4, G.  Aguayo5, M.  Heni6,7, J.-P. 
 Riveline8, S. Meyhöfer9,4, L.  Sablone10, S. Mühldorfer11, SFDT1 
study group, DPV registry, G.  Fagherazzi5, R.  Holl3,4;
1Diabetology-Endocrinology-Nutrition, AP-HP, Université Sorbonne 
Paris Nord, Bobigny, France, 2Université Sorbonne Paris Nord and Uni-
versité Paris Cité, INSERM, INRAE, CNAM, Center of Research in Epi-
demiology and StatisticS (CRESS), Bobigny, France, 3Institute of Epide-
miology and Medical Biometry, ZIBMT, Ulm University, Ulm, Germany, 
4German Center for Diabetes Research (DZD), Munich-Neuherberg, 
Germany, 5Deep Digital Phenotyping Research Unit, Luxembourg, Lux-
embourg, 6Division of Endocrinology and Diabetology, Department of 
Internal Medicine 1, University Hospital Ulm, Ulm, Germany, 7Institute 
for Clinical Chemistry and Pathobiochemistry, Department for Diagnostic 
Laboratory Medicine, University Hospital Tübingen, Tübingen, Germany, 
8Centre Universitaire du diabète et de ses complications, AP-HP, Paris, 
France, 9Institute for Endocrinology & Diabetes, University of Lübeck; 
Department of Medicine I , University Hospital Schleswig-Holstein, 
Lübeck, Germany, 10Francophone Foundation for Diabetes Research, 
Paris, France, 11Department for Gastroenterology, Endocrinology and 
Metabolic Diseases, Bayreuth University Hospital, Friedrich-Alexander 
University Erlangen-Nuremberg, Bayreuth, Germany.

Background and aims: We aimed to evaluate in two European 
countries whether cardiovascular risk and care differ between men 
and women with type 1 diabetes (T1D).
Materials and methods: We compared in 2020-2022 medical care 
for and level of cardiovascular risk factors in adults with T1D in 
DPV (n=11,222, Germany, mean age 32±17, diabetes duration 
18±14 years; 53.7% men) and SFDT1 studies (n=1,259, France, 
age 40±14, diabetes duration 23±14 years; 54.2% men). P>0.05 
was considered as non-statistically significant (NS).
Results: More men than women with T1D had a history of cardiovas-
cular disease (DPV 8.3 vs 7.0%; SFDT1 10.2 vs 5.0%). Less men than 
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women used continuous glucose monitoring in DPV (64.3 vs 68.1%; 
SFDT1: 88.7 vs 89.1%, NS); subcutaneous insulin infusion (DPV: 
32.1 vs 43.3%; SFDT1: 43.0 vs 60.1%) and hybrid closed loop in both 
countries (DPV: 6.9 vs 9.4%; SFDT1; 5.1 vs 8.9%). Men had worse 
glucose control in DPV (HbA1c 8.1±1.9 vs 8.0±1.7 %; TIR 53±19 vs 
55±18%) but not in SFDT1 (HbA1c 7.7±1.3 vs 7.9±1.4%; TIR 58±16 
vs 56±16% NS). In DPV, obesity was less frequent in men (17.4 vs 
21.5%; SFDT1 14.3 vs 16.8%, NS) but they were more likely smokers 
(22.4 vs 15.5%; SFDT1: 25.0 vs 20.8%, NS). As compared to women, 
men had lower HDL-cholesterol and higher triglycerides (DPV and 
SFDT1); with lower LDL-cholesterol levels in DPV (1.04±0.36 vs 
1.07±0.35 g/l) but not SFDT1 (1.00±0.05 vs 1.00±0.09 g/l); with 
more lipid-lowering medication (DPV: 11.0 vs 9.6%; SFDT1: 30.6 vs 
24.1%). Systolic and diastolic blood pressures were higher in men in 
both countries despite more antihypertensive therapy (DPV: 18.0 vs 
16.5%; SFDT1: 24.9 vs 17.4%). The rate of albuminuria was similar 
in men and women (DPV 12.3%; SFDT1 36.9%).
Conclusion: Male with T1D were more likely than women to have 
cardiovascular disease history in both countries, and had less controlled 
risk factors overall (more frequently smokers, with more atherogenic 
dyslipidemia, higher blood pressure) despite more lipid-lowering and 
antihypertensive therapy. Gender and gender-specific risk factors 
should be systematically integrated in diabetes care to further develop 
adequate and targeted prevention strategies for diabetes complications.
Clinical Trial Registration Number: SFDT1 NCT04657783 and DPV
Disclosure: E. Cosson: None.

968
Clinical inertia on the management of cardiovascular risk fac-
tors in patients with type 1 and type 2 diabetes: data from the 
AMD Annals
A. Da Porto1, R.  Candido2, A.  Rocca3, V.  Manicardi4, P. Di  Bartolo5, 
G. Di  Cianni6, G.  Russo7;
1Clinica Medica, University of Udine, Udine, Italy, 2Diabetes Unit, 
University of Trieste, Trieste, Italy, 3Diabetology and Metabolic Dis-
eases, ASST Nord, Milan, Italy, 4AMD Foundation, Reggio Emilia, 
Italy, 5Division of Diabetes and Metabolism, Ravenna, Italy, 6Divi-
sion of Diabetes and Metabolism, Livorno, Italy, 7University of 
Messina, Messina, Italy.

Background and aims: Aim of this study was to evaluate cardiovas-
cular (CV) risk management in a large cohort of "real life" patients 
focusing on differencies in indicators of clinical inertia among 
patients with type 1 and type 2 diabetes.
Materials and methods: Multicenter, observational, retrospective 
study including a large sample of patients cared for by 258 Italian 
diabetes clinics participating in the Annals initiative of the Italian 
Association of Clinical Diabetologists during 2019. Patients were 
stratified on the basis of their CV risk, according to ESC-EASD 2019 
guidelines. General descriptive indicators, intermediate outcome 
measures regarding intensity and appropriateness of diabetes phar-
macological therapy, cardiovascular risk factors and overall health 
care quality were evaluated. The proportion of patients not treated 
with lipid lowering despite LDL cholesterol > to 130 mg/dl, propor-
tion of patients not treated with antihypertensive drug despite BP > 
140/90 mmhg and proportion of patients with micro/macroalbuminu-
ria not treated with ACE/ARBs were considered Indicators of Clinical 
Inertia. Overall quality of health care was evaluated by the Q score.
Results: By using the inclusion criteria and stratifying patients by ESC/
EASD CV Risk categories we included in the analysis 107.142 patients at 
High CV and 391.140 patients at Very High CV risk. At equal risk class 
the proportion of patients with type 1 diabetes with LDL cholesterol > 130 
mg/dl not treated with statin or with blood pressure >140/90 mmHg not 
treated with antihypertensive drugs were significantly higher compared with 

patients with type 2 diabetes (figure 1). In both CV risk class, the proportion 
of patients with LDL cholesterol >130 despite statin treatment were signifi-
cantly higher in patients with T1D (23.0% vs 16.9% and 13.1% vs 9.7% p 
<0.001). Proportion of patients with BP > 140/90 despite treatment were 
higher among T2D independently to CV risk class (46.8% vs 40.6% and 
48.8% vs 46,8% p <0.001). Proportion of patients with good multifactorial 
risk factor control were significantly higher in patients with T2D in both 
high and very high-risk class (24.3 vs 15.2 and 18.6 vs 10.6 p < 0.001). 
Mean Q score did not differ significantly in the two groups however propor-
tion of patients with Q score > 25 was higher among patients with T1D.
Conclusion: This study shows clearly that in patients included in 
AMD Annals database there is a substantial undertreatment of lipids 
and blood pressure in diabetic patients at high or very high CV risk. 
The undertreatment seem to be more pronounced in individuals with 
type 1 diabetes compared to those with type 2 diabetes and is fre-
quently due to clinical inertia.

Disclosure: A. Da Porto: None.

969
Cardiovascular outcomes of glucose-lowering pharmacological 
agents in older adults: systematic review and meta-analysis
H. Taleisnik Halimi1, T. Cukierman-Yaffe2,3;
1Department of Nutrition, Sheba Medical Center, Ramat Gan, Israel, 
2Center for Successful Aging with Diabetes, Sheba Medical Center, 
Ramat Gan, Israel, 3Department of Epidemiology, Tel-Aviv Univer-
sity, Tel Aviv, Israel.

Background and aims: The prevalence of diabetes mellitus increases 
with age, estimated as 15-30% in those over 65. Recent studies have 
examined the cardiovascular safety of glucose lowering agents. How-
ever, a small number of older people were included, therefore data 
on older adults is lacking. The aim of this study was to examine the 
cardiovascular safety of glucose lowering agents in older diabetics.
Materials and methods: Electronic databases search: Medline, The 
Cochrane Library, EMBASE, Trial Registration Database. Additional 
studies were searched by utilizing the reference lists of included tri-
als, systematic reviews and meta-analysis. The final list was reviewed 
by an expert in the field to verify completeness of list. This system-
atic review and meta-analysis included randomized controlled trials 
(RCT) that evaluated the effect of a single glucose lowering pharma-
cological agent versus other drug (standard of care) on cardiovas-
cular outcomes in adults with type 2 diabetes, males and females. 
Trials comparing strategies other than glucose lowering pharmaco-
logical agents were excluded. Validity was assessed utilizing the "the 
Cochrane collaboration’s tool for assessing risk of bias". Data was 
extracted using an adapted data extraction form. This meta-analysis 
used the fixed effects model and random effects model. Results were 
presented using forest plot. Publication bias was assessed using a 
funnel plot.
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Results: 30 studies fulfilled all inclusion and exclusion criteria and 
were included in this review. 17 studies could be analyzed. Most tri-
als had a low risk of bias. The main analysis included 62132 older 
adults (>65) and 9008 elderly adults (>75) with type 2 diabetes and 
demonstrated that glucose lowering pharmacological agents have a 
neutral or positive effect (glucagon-like peptide 1 receptor agonist 
-GLP-RA trials) on cardiovascular safety and efficacy in older adults, 
similar to the effect observed for the overall diabetic population in 
all pharmacological groups. Studies included in this SR excluded 
patients with high comorbidity. ~10% of all study participants were 
elderly adults.
Conclusion: This systematic review and meta-analysis highlights the 
low representation of older adults in RCT of glucose lowering agents. 
It demonstrates that in a relatively fit older age group the efficacy is 
similar to younger individuals and with some of the drugs (GLP-1- 
RA) the effect is even more pronounced in this group. In light of the 
increase of diabetes with age and the rise in life expectancy there is 
a need for further clinical trials representing higher proportions of 
older people with varying characteristics, including cognitive status, 
functional status and severe comorbidities.

Disclosure: H. Taleisnik Halimi: None.

970
Assessment of age in established atherosclerotic disease or high/
very high risk among patients with type 2 diabetes across the 
Middle East and Africa: the PACT-MEA study
J. Haddad1, W.  Almahmeed2, S.  Salek3, H.  Alkandari4, N. 
 Alamuddin5, F.  Alawadi6, S.H. Assaad-Khalil7, T.  Cinar8, L.L.N. 
 Husemoen9, L.  Lombard10, R.  Malik11, H.  Sabbour2, M.  Ngome8, G. 
 Yadav8, S.  Verma12;

1Bader Medical Complex, Amman, Jordan, 2Cleveland Clinic Abu 
Dhabi, Abu Dhabi, United Arab Emirates, 3School of Life and Medical 
Sciences, University of Hertfordshire, Hatfield, UK, 4Dasman Diabetes 
Institute, Kuwait City, Kuwait, 5Royal College of Surgeons in Ireland-
Bahrain, Adliya, Bahrain, 6Dubai Hospital, Dubai, United Arab Emir-
ates, 7Alexandria University, Alexandria, Egypt, 8Novo Nordisk Saglik 
Urunleri Tic. Ltd. Sti., Istanbul, Turkey, 9Novo Nordisk A/S, Søborg, 
Denmark, 10Cape Town Medical Research Centre, Cape Town, South 
Africa, 11Weill Cornell Medicine-Qatar, Doha, Qatar, 12St. Michael’s 
Hospital, University of Toronto, Toronto, ON, Canada.

Background and aims: Cardiovascular (CV) burden is high among 
patients with type two diabetes (T2D), and of concern for the Middle 
East and Africa where T2D prevalence is one of the highest worldwide. 
Guidelines recommend patients with T2D and established atheroscle-
rotic cardiovascular disease (eASCVD) or high/very high ASCVD risk 
be treated with cardioprotective and antidiabetic agents offering CV 
and kidney benefits. We report the prevalence of eASCVD and high/
very high risk from the PACT-MEA study, stratified by age.
Materials and methods: PACT-MEA is a cross-sectional, observa-
tional, study of adults with T2D from 55 sites in Bahrain, Egypt, Jor-
dan, Kuwait, Qatar, South Africa, and United Arab Emirates. Medical 
chart information was collected during a routine clinic visit in 2022. 
Prevalence (95% CI) of eASCVD and high/very high (latter includes 
eASCVD) risk was estimated. ASCVD risk was defined by the 2021 
European Society of Cardiology (ESC) Guidelines. Overall (regional) 
prevalence estimates (eASCVD and risk categories) were weighted 
according to the size of each country’s diabetes population.
Results: Of the 3,726 patients enrolled, 14% were aged 18-44, 58% 
were 45-64, and 28% were ≥65. Mean diabetes duration was 6.1, 
11.2, and 16.0 years, respectively. Prevalence of eASCVD was 6.4% 
(95% CI: 3.1-9.7), 20.1% (17.5-22.7), and 33.2% (29.1-37.4) among 
patients aged 18-44, 45-64, and ≥65, respectively. According to ESC 
guidelines, 87.4% (82.5-92.3) and 10.8% (6.1-15.4) of patients aged 
18-44 were at high and very high risk, respectively. High/very high risk 
was 70.8% (67.6-74.1)/28.5% (25.3-31.7) among patients aged 45-64, 
and 55.2% (50.3-60.0)/44.8% (39.9-49.7) among those ≥65. Sodium-
glucose cotransporter-2 inhibitor (SGLT2i) use was similar across age 
groups (34%, 18-44; 37%, 45-64; 35%, ≥65). Use of glucagon-like pep-
tide-1 receptor agonists (GLP-1 RAs) decreased with age (17%, 18-44; 
15%, 45-64; 9% ≥65). Use of statins, renin-angiotensin system inhibi-
tors, antiplatelet therapy, beta blockers, calcium channel blockers, and 
diuretics were all lower among patients aged 18-44 than among those 
aged 45-64 and ≥65 (range: 8% to 59% vs 20%-78% and 29% to 84%).
Conclusion: Most patients with T2D in our study were under the age 
of 65. Nearly all people with T2D aged 45-64 had eASCVD or were 
at high risk. Although eASCVD was low in those aged 18-44, nearly 
9 in 10 were at high risk for developing ASCVD. Younger patients 
with T2D were less likely to be treated for hypertension and dyslipi-
demia. Regular screening for ASCVD risk as part of the management 
strategy for T2D, including in younger patients, is critical to ensure 
patients receive treatment to reduce ASCVD risk.
Clinical Trial Registration Number: NCT05317845
Supported by: Novo Nordisk
Disclosure: J. Haddad: None.

971
Long-term effectiveness of the national diabetes quality assess-
ment programme in South Korea
K. Ha1, J.  Huh2, S.  Han1, S.  Kwon3, G.  Kim3, B.  Kim4, D.  Kim1;
1Department of Endocrinology & Metabolism, Ajou University 
School of Medicine, Suwon, Republic of Korea, 2Division of Endo-
crinology and Metabolism, Department of Internal Medicine, Hal-
lym University Sacred Heart Hospital, Anyang, Republic of Korea, 
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3Department of Quality Assessment, Health Insurance Review 
and Assessment Service, Wonju, Republic of Korea, 4Healthcare 
Review and Assessment Committee, Health Insurance Review and 
Assessment Service, Wonju, Republic of Korea.

Background and aims: The Korean government has implemented 
the National Diabetes Quality Assessment Program (NDQAP) to 
improve the quality of diabetes care and reduce the risk of diabetes 
complications. This study evaluates the long-term effectiveness of 
NDQAP in individuals with diabetes.
Materials and methods: From the Health Insurance Review and 
Assessment Service database, 399,984 individuals with diabetes who 
visited primary care clinics from July 1, 2012, to June 30, 2013 were 
included and followed up until May 31, 2021. The NDQAP included five 
quality assessment indicators: regular outpatient visits, continuity of pre-
scriptions, regular testing of glycated hemoglobin and lipids, and regular 
fundus examination. We evaluated severe microvascular complications, 
cardiovascular complications, and all-cause mortality. Severe microvas-
cular complications include proliferative diabetic retinopathy (PDR), 
end-stage kidney disease (ESKD), and amputation. Cardiovascular 
complications included hospitalizations for myocardial infarction (MI) 
and stroke. Cox proportional hazards models estimated hazard ratios 
(HRs) and 95% confidence intervals (CIs) for diabetes complications 
and all-cause mortality by the achievement of assessment indicators.
Results: During the mean follow-up duration of 7.6 ± 1.8 years, 
20,054 (5.0%) cases of PDRs, 6,281 (1.6%) ESKDs, 1,943 (0.5%) 
amputations, 9,706 (2.4%) MIs, 26,975 (6.7%) strokes, and 35,799 
(8.9%) all-cause deaths occurred. Each quality assessment indica-
tor was associated with a lower risk of diabetes complications and 
all-cause mortality. Individuals who were managed in high-quality 
institutions had a lower risk of PDR (HR, 0.82; 95% CI, 0.80-0.85), 
ESKD (HR, 0.77; 95% CI, 0.73-0.81), amputation (HR, 0.75; 95% CI, 
0.69-0.83), MI (HR, 0.85; 95% CI, 0.82-0.89), stroke (HR, 0.86; 95% 
CI, 0.84-0.88), and all-cause mortality (HR, 0.96; 95% CI, 0.94-0.98) 
compared to individuals who were not managed in high-quality institu-
tions. Individauls who achieved overall qulaity assessment indicators 
and were managed in high-quality institution had the lowest risk of 
PDR (HR, 0.83; 95% CI, 0.79-0.87), ESKD (HR, 0.57; 95% CI, 0.53-
0.63), amputation (HR, 0.59; 95% CI, 0.51-0.70), MI (HR, 0.73; 95% 
CI, 0.68-0.79), stroke (HR, 0.74; 95% CI 0.71-0.77), and all-cause 
mortality (HR, 0.82; 95% CI, 0.80-0.85).
Conclusion: In South Korea, NDQAP has long-term effectiveness 
in preventing severe diabetes complications and all-cause mortal-
ity. Policy efforts to encourage standardized and comprehensive 
diabetes management in primary care may continue to be necessary.
Disclosure: K. Ha: None.

972
Incidence of stroke and related outcomes in people with type 2 
diabetes: a real-world database study in France
K. Mohammedi1, I.  Sibon2, L.  Fauchier3, N.  Quignot4, A. 
 Khachatryan5, T.  Banon6, R.  Kapnang4, K.  Kikuchi4, H.  Ren7, C. 
 Massien8, L. Vigié8, S.  Larsen7;
1Endocrinology, University Hospital of Bordeaux, Bordeaux, 
France, 2Neurology, University Hospital of Bordeaux, Bordeaux, 
France, 3Cardiology, Trousseau University Hospital, Tours, France, 
4Evidence & Access, Certara France, Paris, France, 5Evidence & 
Access, Certara UK, Sheffield, UK, 6Evidence & Access, Certara 
Canada, Montreal, QC, Canada, 7Novo Nordisk Denmark A/S, 
Copenhagen, Denmark, 8Novo Nordisk France, Puteaux, France.

Background and aims: Stroke is one of the major atherosclerotic 
complications, more common in people with type 2 diabetes (T2D) 
and leading to poor prognosis with a significant reduction in life 
expectancy. There is a lack of contemporary real-world studies 
describing the outcomes and treatment use in people with T2D fol-
lowing stroke hospitalisation. The aims of this study are to estimate 
the incidence of stroke hospitalisation among people with T2D, 
and to describe patients’ characteristics, treatment patterns, and 
major outcomes.
Materials and methods: A retrospective real-world evidence study 
was performed using data from the Echantillon Général des Bénéfici-
aires (EGB), a representative sample of the French population derived 
from the national health database, the Système National des Données 
de Santé (SNDS). The incidence of stroke hospitalisation (index date) 
was estimated from 1 January 2012 to 31 December 2018 among 
adult people with T2D, for whom treatment use and clinical outcomes 
including cardiovascular disease and mortality were assessed post-
index date until 31 December 2019.
Results: Among 45,331 people with T2D, incident stroke 
occurred in 2090 (4.6%) patients during a median of 5.3 years 
of follow-up, corresponding to an incidence rate of 9.0 (95% CI 
8.6-9.4) per 1000 person-years. The mean (SD) age at stroke hos-
pitalisation was 75.0 (11.4) years and 55.3% were male. Ischemic 
stroke was the most frequent (75.7%), followed by haemorrhagic 
(15.6%) and unspecified (8.7%) stroke. Common comorbidities 
at baseline (24-months pre-index date) included hypertension 
(83.0%), dyslipidaemia (63.6%), cardiac arrhythmias (19.4%) - 
mainly atrial fibrillation (AF), coronary heart disease (15.2%), 
obesity (11.9%), and cerebrovascular disease (10.6%). During 
follow-up, the stroke recurrence rate was 68.0 per 1000 person-
years (95% CI 62-75). The most frequent other cardiovascular-
related reasons for hospitalisation post-index date included AF, 
coronary heart disease, heart failure, and peripheral artery dis-
ease: 106.2, 69.8, 69.3, and 43.0 per 1000 person-years, respec-
tively. During the first 6 months of follow-up, 59.3% of patients 
received any anti-diabetic treatment (metformin was the most 
commonly used, 33.7%), 59.8% used antihypertensive drugs, and 
17.5% statins. Overall, 30-day mortality was 16.3%, and one-year 
mortality was 28.3%. Approximately one third of deaths were 
due to cardiovascular-related reasons.
Conclusion: Incidence of stroke among people with T2D remains 
high in a real-world setting, with subsequent increased clinical bur-
den, such as recurrence of stroke and major cardiovascular-related 
events. High rates of these outcomes, along with a low proportion of 
patients receiving expected treatments as per guidelines, necessitates 
a strengthened and multidisciplinary approach for management of 
people with T2D and stroke.
Supported by: Novo Nordisk
Disclosure: K. Mohammedi: Honorarium; Novo Nordisk. Non-finan-
cial support; Novo Nordisk, Astra Zeneca, Boehringer-Ingelheim, Eli 
Lilly, Sanofi, Lifescan, Abbott, Bayer, Amarin.
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Interdependent nuclear co-trafficking of KPNA2 and p53 pre-
vents cardiomyocyte ferroptosis during heart failure with pre-
served ejection fraction
Y. Luo, F. Ren, H. Tian, K. Zhang, C. Kan, F. Han, N. Hou, X. Sun, 
J. Zhang;
Department of Endocrinology and Metabolism, Affiliated Hospital 
of Weifang Medical University, Weifang, China.

Background and aims: Cardiomyocyte ferroptosis play an essential 
role in the pathological process of heart failure with preserved ejec-
tion fraction (HFpEF). The p53-dependent ferroptosis is essential for 
proper cellular function and its activation is a required step for HFpEF 
pathogenesis. Importin karyopherin α2 (KPNA2) is critical in regulat-
ing cell-cycle arrest, apoptosis, autophagy, and metabolic reprogram-
ming. As a cofactor of p53, KPNA2 promotes its transcriptional activ-
ity in the nucleus. However, whether cytoplasmic KPNA2 affects p53 
nuclear trafficking and its role in cardiac diseases remains unknown. 
This study aims to explore the mechanism by which KPNA2 modulates 
p53 nuclear trafficking and the subsequent protection of HFpEF.
Materials and methods: HFpEF dietary regimen (high-fat diet + 
L-Name) was used in wild-type mice. Cardiomyocyte-specific KPNA2 
overexpression was conducted through an AAV9 vector by tail vein injec-
tion. Transthoracic echocardiography was performed on mice with the 
VINNO5 system. Systolic blood pressure was measured noninvasively 
in conscious mice using the tail-cuff method and a CODA instrument. 
The HE, WAG, and Oil-red-O-stained sections were used to show the 
abnormalities in cardiac histology. Adult mouse heart ventricular tissues, 
isolated cardiomyocytes, and transfected H9c2 cells were harvested for 
biochemical analysis.
Results: In the present study, we found that KPNA2 was down-regulated 
in the In the present study, we found that KPNA2 was down-regulated in 
the HFpEF hearts compared to the normal heart tissues. Cardiomyocyte-
specific overexpression of KPNA2 mitigated HFpEF-induced cardiac 
injury as indicated by promoted cardiac function and reduced metabolic 
disorder. Loss of KPNA2 in HFpEF hearts significantly augmented car-
diac lipid peroxidation and mitochondria dysfunction, which was relieved 
in KPNA2 overexpressed cardiomyocytes. The immunofluorescent stain-
ing showed that KPNA2 and p53 colocalized in the nucleus of cardio-
myocytes under normal conditions, while they both accumulated into 
the cytoplasm upon HFpEF treatment. Furthermore, the blunted nuclear 
co-trafficking of KPNA2 and p53 exacerbated ferroptosis-induced detri-
mental effects on cardiomyocytes during HFpEF.
Conclusion: The binding of KPNA2 to p53 triggers their nuclear translo-
cation and blocks cardiomyocyte ferroptosis which eventually delays the 
pathogenesis of HFpEF. The findings imply that interfering with the expres-
sion of KPNA2 or the interaction between KPNA2 and p53 to block their 
nuclear trafficking represents an important therapeutic strategy for HFpEF.
Supported by: NSFC (82170865)
Disclosure: Y. Luo: None.
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Oleoylethanolamide mitigates cardiac metabolic alterations sec-
ondary to hyperglycaemia and metabolic syndrome induced by 
high fat diet in C57BL/6J mice
F. Comella1, C.  Pirozzi1, A. Aragón  Herrera2, A.  Lama1, C. 
 Annunziata3, S.  Melini1, N.  Opallo1, R.  Meli1, M. Lago  Paz2, G. 
Mattace  Raso1;
1Department of Pharmacy, Federico II, Naples, Italy, 2Department 
of Cardiology, Institute of Biomedical Research of Santiago de 

Compostela, Santiago de Compostela, Spain, 3Department of Bio-
science and Nutrition, Karolinska Institute, Huddinge, Sweden.

Background and aims: It is well known that high-fat diet (HFD) 
feeding causes hyperglycemia and metabolic syndrome resulting in 
cardiac inflammation, remodeling, and dysfunction. Oleoylethanola-
mide (OEA), belonging to the family of N-acylethanolamines, is an 
endogenous lipid mediator derived from the monounsaturated fatty 
acid oleic acid. OEA, a PPAR-α agonist, controls feeding behaviour, 
body weight, inflammation and lipid metabolism. OEA effects on 
the cardiovascular alterations caused by fat overnutrition are still 
unknown. This study aimed to evaluate the impact of OEA treatment 
on hyperglycemia and cardiometabolic alteration induced by HFD.
Materials and methods: C57BL/6J mice were fed with an HFD for 
12 weeks to acclaim metabolic syndrome. Then, mice were treated 
with OEA for eight weeks, along with HFD feeding.
Results: In HFD mice, OEA treatment reduced the body weight of obese 
mice measured throughout the experimental period. Before sacrifice, we 
performed the oral glucose tolerance test (OGTT), where OEA-treated 
mice showed an improvement in insulin sensitivity, altered by HFD. 
HFD feeding led to a significant increase in the production of inflam-
matory cytokines and chemokines, such as interleukin (IL)-1β, IL-6, the 
monocyte chemoattractant protein (MCP)1 and the pro-fibrotic markers 
TGFβ, fibrillin and collagen III in the cardiac tissue. Conversely, OEA 
normalized the transcription of the above-mentioned pro-inflammatory 
and pro-fibrotic mediators in the heart of obese mice. OEA treatment also 
reduced the gene expression levels of cardiac fatty acid transporter CD36, 
which were significantly induced in the heart of HFD-fed mice and have 
been found to be linked to myocardial lipid accumulation. Therefore, 
analyzing the lipidomic profile of the heart, we can see that HFD mice 
showed increased contents of saturated triacylglycerols and cholesterol 
esters and an alteration of sphingomyelins levels, related to insulin resist-
ance, inflammation and cardiac steatosis which OEA normalized. We also 
evaluated the gene expression levels of the adipokines adiponectin and 
meteorin-like protein (Metrnl), finding that OEA significantly reduced the 
increased ventricular expression of both factors in HFD mice. Moreover, 
OEA treatment induces an increase in AMPK and AKT phosphoryla-
tion, whose pathways converge towards the phosphorylation of AS160, a 
kinase implicated in the translocation of the glucose transporter (GLUT) 
4 to the cardiomyocyte membrane, a mechanism involved in the modula-
tion of cardiac glucose metabolism. Since it has been reported that cardiac 
autophagy is altered in metabolic disorders like obesity, we also studied 
the effect of OEA on autophagosome formation. We determined that 
cardiac protein levels of LC3II, an autophagosomal membrane marker, 
are markedly increased by OEA treatment, which in parallel reduced the 
expression of a marker of autophagic flux, the protein p62/SQSTM1.
Conclusion: These results indicate that OEA may be a promising tool 
for treating cardiac metabolic alterations secondary to hyperglycemia 
and metabolic syndrome due to diabetes and obesity.
Disclosure: F. Comella: None.
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Single-cell RNA sequencing analysis of steroidogenesis and sper-
matogenesis impairment in the testis of db/db mouse
Y. Hu1, B.  Ding2, J.  Ma2;
1the Affiliated Wuxi People’s Hospital of Nanjing Medical Univer-
sity, Wuxi Medical Center, Nanjing Medical University, Wuxi, China, 
2Nanjing First Hospital, Nanjing, China.

Background and aims: The mechanism of steroidogenesis and sper-
matogenesis impairment in men with type 2 diabetes remains unclear. 
We aimed to explored the local changes of steroidogenesis and sper-
matogenesis in the testis of db/db mouse.
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Materials and methods: We performed single-cell RNA sequencing 
analysis in the testis of db/db mouse and C57BL/6J control. The dif-
ferentially expressed genes were then confirmed by real-time PCR. 
The histopathological characteristics of testes in db/db mice and 
C57BL/6J control were also performed.
Results: The 20-week-old db/db mice had significant higher blood 
glucose and body weight (both p<0.001). The serum testosterone 
levels (4.4±0.8 vs. 9.8±0.7 ng/ml, p=0.001) and weight of testes 
(0.16±0.01 vs. 0.24±0.01 g, p<0.001) were significant lower in db/db 
mice than that in C57BL/6J controls. Sperms were significant reduced 
in seminiferous tubules of db/db mice. db/db mice had lower cross 
sectional area (CSA) of seminiferous tubules and thickness of cell 
layer than control group (both p<0.05). Compared with control group, 
the total cell number (including germ cells and somatic cells) per 
square millimeter significantly decreased in db/db mice (p=0.013). 
Among somatic cells, Sertoli cell (p=0.007), but not Leydig cells 
(p=0.921), decreased in db/db mice. Single-cell RNA sequencing 
analysis showed that compared with the control group, the percentage 
of spermatogonia was significantly higher in db/db mouse (p <0.001), 
while the proportions of spermatocytes, round and elongating sper-
matids, and sperms were all lower in db/db mouse (p all <0.001). The 
most differentially expressed genes were found in round spermatids 
(n=86), which was not found in spermatogonia, spermatocyte and 
sperm. Igfbp5 was the most significantly decreased gene in Leydig 
cells of db/db mouse, while the expression of Cd74, H2-Aa, and 
H2-Eb1, which were all associated with histocompatibility antigens, 
were elevated. Ccl7 and Ptgds was the most significantly increased 
and decreased gene in Leydig cells of db/db mouse.
Conclusion: db/db mice reduced spermatogenesis mainly because 
of the weakened deformability of spermatogonia. The impairment of 
steroidogenesis in the testis of db/db mice may related to inflamma-
tory response and IGF-1 signaling pathway, which deserves further 
investigation.
Supported by: the National Natural Science Foundation of China(No. 
82270838)
Disclosure: Y. Hu: None.

976
Targeted microRNA profiling reveals that Exendin-4 modulates the 
expression of several microRNAs to reduce steatosis in HepG2 cells
O. Khalifa, K. Ouararhni, K. Errafii, N. M. Alajez, A. Arredouani;
QBRI- HBKU, Doha, Qatar.

Background and aims: Excess hepatic lipid accumulation is the 
hallmark of non-alcoholic fatty liver disease (NAFLD), for which no 
medication is currently approved. However, Glucagon-Like Peptide-1 
Receptor Agonists (GLP-1RAs), already approved for treating type 
2 diabetes, have lately emerged as possible treatments. Herein we 
aimed to investigate how the GLP-1RA Exendin-4 (Ex-4) affects the 
microRNA (miRNAs) expression profile using an in vitro model of 
steatosis.
Materials and methods: 400 μM Oleic Acid (OA) were used to 
induce steatosis in the hepatoma cell line HepG2, which was then 
treated with 200nM Ex-4. Total RNA, including miRNAs, was 
isolated from untreated, steatotic, and Ex-4-treated steatotic cells 
and used for probing a panel of 799 highly curated miRNAs using 
NanoString technology. Enrichment pathway analysis was used to 
find the signaling pathways and cellular functions associated with 
the differentially expressed miRNAs.
Results: Our data identified several differentially expressed miRNAs 
between untreated and steatotic cells and between steatotic and Ex-
4-treated steatotic cells. Notably, we found that Ex-4 reversed the expres-
sion of a set of miRNAs. Although several of the identified differentially 

expressed miRNAs have previously been linked to NAFLD, the relation-
ship between numerous of the identified miRNAs, steatosis, and with 
the beneficial impact of Ex-4 on steatosis is being described for the 
first time. Functional enrichment analysis highlighted many relevant 
signaling pathways and cellular functions enriched in the differentially 
expressed miRNAs, including hepatic fibrosis, insulin receptor, PPAR, 
Wnt/β-Catenin, VEGF, and mTOR receptor signaling pathways, fibrosis 
of the liver, cirrhosis of the liver, proliferation of hepatic stellate cells, 
diabetes mellitus, glucose metabolism disorder, proliferation of liver 
cells, and production of reactive oxygen species in the liver.
Conclusion: Our findings suggest that miRNAs may play essential 
roles in the processes driving steatosis reduction in response to GLP-
1R agonists which warrants further functional investigations.
Disclosure: O. Khalifa: None.

977
Insulin prevents palmitate-induced stress kinase activation, 
autophagy and apoptosis in human cardiac progenitor cells
I. Calderoni1, R. D’Oria1, C.  Caccioppoli1, V.A.  Genchi1, G. 
 Palma1, G.  Santarpino2, A.D.  Milano1, T.  Bottio1, A.  Leonardini1, 
A.  Natalicchio1, S.  Perrini1, A.  Cignarelli1, F.  Giorgino1, L.  Laviola1;
1Department of Precision and Regenerative Medicine and Ionian 
Area, University of Bari Aldo Moro, Bari, Italy, 2Università Magna 
Graecia di Catanzaro, Catanzaro, Italy.

Background and aims: Abnormal accumulation of saturated fatty 
acids in the heart results in insulin resistance, stress kinase activation, 
and increased cardiovascular risk in humans. The viability of human 
cardiac progenitor cells (CPC) is essential for myocardium homeo-
stasis. This study investigates the ability of palmitate, a saturated 
fatty acid, to induce apoptosis, autophagy, and stress kinase activa-
tion in human CPC, and the potential protective effects of insulin on 
palmitate-induced abnormalities.
Materials and methods: Human CPC were obtained from non-
diabetic, non-obese subjects undergoing cardiac surgery for coro-
nary artery bypass grafting and/or valve surgery. Human CPC were 
exposed to 100 nM insulin for 15 minutes or pretreated with 100 
nM insulin for 1 h and then exposed to 0.25 mM palmitate for 16 
h. Expression of insulin receptor (IR) isoforms, A (IR-A) and B 
(IR-B), was evaluated by quantitative Real Time PCR. IR, Akt, 
caspase-3 cleavage and LC3II protein levels, as well as Akt (S473), 
p44/p42 MAPK (T202/Y204) and c-Jun (S63) phosphorylation lev-
els were assessed by immunoblotting. Apoptosis was assessed by 
caspase-3 cleavage and ELISA assay. JNK 1/2 and autophagy inhi-
bition were achieved using 20 μM SP600125 and 10 mM 3-methyl-
adenine, respectively, for 1 h before exposure to 0.25 mM palmitate 
for 16 h.
Results: Human CPC were found to express both IR-A and IR-B, 
and IR-A was more expressed than IR-B. Exposure of human CPC 
to insulin induced Akt (S473) and p44/p42 MAPK (T202/Y204) 
phosphorylation (p<0.05). Treatment of human CPC with palmitate 
induced phosphorylation of c-Jun, a downstream transcription fac-
tor of JNK 1/2, apoptosis, and autophagy (p<0.05). Pretreatment 
with SP600125 significantly inhibited palmitate-induced apoptosis 
(p<0.05), but not autophagy. Similarly, pretreatment with 3-methy-
ladenine decreased palmitate-induced apoptosis (p<0.05). Interest-
ingly, palmitate effects on apoptosis, autophagy, and on stress kinase 
activation, were prevented when human CPC were pretreated with 
insulin (p<0.05).
Conclusion: Insulin prevents palmitate-induced apoptosis by inhibi-
tion of JNK signaling and autophagy in human CPC. Hence, preserv-
ing insulin signaling in human CPC might protect from lipotoxicity-
induced metabolic alterations in the heart.
Disclosure: I. Calderoni: None.
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Hippocampal impairments in a nongenetic mouse model of type 
2 diabetes
M.L. Michalani1, R.J.  Moreira1, M.M.  Okamoto1, C.Y.  Yonamine1,2, 
U.F.  Machado1;
1Institute of Biomedical Sciences, University of Sao Paulo, Sao 
Paulo, Brazil, 2Novo Nordisk Foundation Center for Basic Metabolic 
Research, University of Copenhagen, Copenhagen, Denmark.

Background and aims: The main characteristics of type 2 diabetes 
(T2D) are hyperglycemia and insulin resistance that can generate 
micro and macrovascular complications, predisposing patients to 
develop cognitive impairment. In fact, dementia, including Alzhei-
mer’s disease, has being increasingly recognized as a complication 
and comorbidity of diabetes, since abnormalities in brain glucose 
supply can alter neuronal functions, mainly associated with the for-
mation and consolidation of memories. Thus, the aim of this study is 
to evaluate the expression of glucose transporters and some markers 
of neuronal function in the hippocampus of T2D mice.
Materials and methods: Five-week-old male C57BL/6J mice were fed 
with high-fat diet (HFD) for 6 weeks. After that, streptozotocin (STZ, 
two doses of 75 mg/kg body weight, 8 days apart from each dose) was 
injected, and the HFD continued for the entire protocol. The control group 
was fed with standard diet and injected with citrate buffer (same volume). 
Ten days after STZ, glycemia was evaluated, and only animals with gly-
cemia ≥ 250 mg/dL were considered diabetic and included in the study. 
In week 24 of diabetes, some animals were used for insulin tolerance test 
(ITT) and glucose tolerance test (GTT); other animals were euthanized, 
the blood was collected, and the brain was removed and dissected. Hip-
pocampus was prepared for analysis of Slc2a1, Slc2a3, Slc2a4, Slc2a5, 
Creb1, Syp, Syn1, Rbfox3, Tnf, Rela and Nfkb1 mRNAs via RT-qPCR.
Results: T2D mice revealed increased glycemia (by 2.4 folds, 
P<0.0001), decreased plasma insulin concentration (by 2.9 folds, 
P<0.0001), increased percentage of fat mass (by 1.25 folds, P<0.05), 
decreased rate of glucose decay in ITT, and decreased glucose toler-
ance in GTT. In the hippocampus of T2D mice, there was a down-
regulation of Slc2a3 (by 1.2 folds, P<0.05), Slc2a4 (by 1.5 folds, 
P<0.05), Slc2a5 (by 1.2 folds, P<0.05), Creb1 (by 1.15 folds, 
P<0.05), Syp (by 1.25 folds, P<0.05), Syn1 (by 1.25 folds, P<0.01), 
and Tnf (by 1.4 folds, P<0.05) mRNAs. There was no alteration in the 
expression of Slc2a1, Rbfox3, Rela, and Nfkb1 mRNAs.
Conclusion: The results point out that, in the hippocampus of T2D mice, 
the downregulation of glucose transporters Slc2a3, Slc2a4 and Slc2a5 
occurs, indicating a decrease in the glucose supply for hippocampus 
neurons. Furthermore, we observed signals of synaptic dysfunction as 
well as CREB1 pathway impairment, which are important factors for 
memory formation and consolidation. Surprisingly, the inflammatory 
activity seems to be reduced in the hippocampus, in this model and at 
this time-point of evolution. In conclusion, T2D might be a risk factor for 
dementia, which may be related to decreased neuronal glucose supply.
Supported by: CAPES, FAPESP
Disclosure: M.L. Michalani: Grants; CAPES (#88887.465053/2019-
00) and FAPESP (#2016/15603-0).

979
Astrocytic SCAP deletion attenuates neurodegeneration in the 
diabetes-associated cognitive dysfunction via astrocyte-neuron 
crosstalk through C3-C3R signalling
T. Niu1, H.  Zhang2, W.  Zhu1, K.  Liu1, S.  Wang1,3;
1Southeast University, Nanjing, Jiangsu Province, China, 2The First 
Affiliated Hospital of China University of science and technology, 

Anhui, Hefei Province, China, 3Affiliated Zhongda Hospital of South-
east University, Nanjing, Jiangsu Province, China.

Background and aims: Complement pathway over-activation has 
been implicated in a variety of metabolic diseases. However, the 
signalling pathways controlling astrocytic complement activation in 
diabetes-associated cognitive dysfunction(DACD) are poorly under-
stood. Sterol regulatory element binding protein cleavage-activating 
protein(SCAP), a cholesterol sensor, is prominently expressed in astro-
cytes and exhibits pro-inflammatory effects. Therefore, we hypoth-
esize that SCAP may regulate astrocytic complement activation in 
the pathogenesis of DACD. We aim to investigate the role of SCAP 
in astrocyte-neuron crosstalk through complement C3-C3R signalling.
Materials and methods: To examine the effect of astrocytes SCAP on 
astrocytes complement activation triggered by advanced glycation end 
products AGEs, astrocyte SCAP-specific knockout(G-SCAPKO) mice were 
constructed. Adult male C57BL/6J wild-type and G-SCAPKO mice were 
randomly assigned a control diet(CD) or a high-fat-diet(HFD) for 6 months 
to establish control and diabetic models(DM), respectively, followed by 
behavioural tests, serum biochemical analysis, and histological examina-
tion of the hippocampus. Primary astrocytes and neuron were isolated from 
newborn mice, and a co-culture system of astrocytes and neurons were 
constructed, and treated with AGEs. Protein and mRNA levels of SCAP, 
Nuclear factor kappa B P65 (NF-κB P65), C3, and C3AR were meas-
ured, respectively. Immunofluorescence of C3 and GFAP were detected 
and observed by confocal microscopy in vivo and in vitro. The interaction 
between SCAP and NF-κB P65 was verified by immunoprecipitation.
Results: DM mice exhibited poorer memory performance in the Morris 
water maze test (MWM) than control mice. Compared with age-matched 
mice in the CD group, mice in the DM group showed abnormal hip-
pocampal neuronal morphology. Hippocampal astrocytes in diabetic mice 
in the DM group generally had a more reactive astrocyte phenotype evi-
denced by a bigger astrocyte territory volume and increased complement 
C3 (C3, a marker of reactivity) immunoreactivity. C3 levels in astrocytes 
were positively correlated with latency times. The engulfment of synap-
tophysin (SYP, a general presynaptic marker) puncta by astrocytes was 
increased in the DM groups. Deletion of SCAP in astrocytes results in 
the attenuation of synaptic deficits, neurodegeneration and astrogliosis. 
Mechanistically, astrocytic SCAP promoted astroglial NF-κB activation 
to lead to an extracellular release of C3, which conversely interacted with 
neuronal C3aR to prompt neuron death and synapse loss.
Conclusion: Collectively, our findings demonstrate that suppres-
sion of astrocytic SCAP prevents neurodegeneration in DACD by 
astrocyte-neuron crosstalk through NF-κB/C3/C3aR signalling and 
suggest that targeting astroglial SCAP-NF-κB-C3-neuronal C3aR 
signalling represents a novel therapeutic strategy for DACD.
Supported by: 81870568
Disclosure: T. Niu: None.

980
WWOX: the missing link in neurodegenerative-associated path-
ways in a mouse model of type 2 diabetes
C. Carvalho1,2, S.  Cardoso1,2, S.  Correia1,2, M.  Laranjo1,3, P.I. 
 Moreira1,4;
1Center For Neuroscience and Cell Biology, University of Coimbra; Center 
for Innovation in Biomedicine and Biotechnology (CIBB), Coimbra, Por-
tugal, 2Institute for Interdisciplinary Research (III), University of Coimbra, 
Coimbra, Portugal, 3PhD Program in Experimental Biology and Biomedi-
cine (PDBEB), University of Coimbra, Coimbra, Portugal, 4Institute of 
Physiology, Faculty of Medicine, University of Coimbra, Coimbra, Portugal.

Background and aims: In the last decades, the world witnessed a 
dramatic change in lifestyle habits with increased sedentary rou-
tines and unhealthy eating habits. With it, recent reports showed 
that a silent pandemic is emerging: type 2 diabetes (T2D). Indeed, 
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the successive confinements that the population experienced in 
the last 3 years, due to the Covid-19 pandemic, were responsible 
for an exacerbation of this problem due to delayed diagnoses and 
irregular follow-up of diabetic patients, which will worsen the life 
threatening-associated complications including neurodegenerative 
diseases. It is urgent to clarify the mechanisms underlying T2D-
associated brain damage to find effective strategies to avoid/delay 
its development. We hypothesize that ww domain-containing oxire-
ductase 1 (WWOX) is a potential therapeutic target in the diabetic 
brain and that Zfra1-31 peptide, a specific inhibitor of WWOX, has 
therapeutic potential against diabetes-induced neurodegeneration.
Materials and methods: Our study was performed in a high fat diet 
(HFD)-induced T2D mice treated or not with 2mM Zfra1-31 for 4 
weeks (4x; 1injection/week). Mice were subdivided and half were 
sacrificed 2 weeks after the last Zfra1-31 injection (short-term study) 
and the remaining were sacrificed 2 months later (long-term study). 
Behavioral and cognitive tests were performed and brain cortical mito-
chondria function and oxidative stress levels were assessed. The levels 
of insulin signaling and memory-related proteins were also evaluated.
Results: HFD induced a phenotype of T2D characterized by an increase 
in body weight and peripheral blood glucose levels and inflammatory 
markers. T2D mice also showed increased levels of anxiety and cogni-
tive defects followed by significant alterations in the levels of ρCREB/
CREB and PSD95 proteins. T2D brain cortical mitochondria presented 
defects in the respiratory chain and phosphorylative system (OXPHOS), 
decreased calcium buffering capacity and increased oxidative stress lev-
els. Alterations in insulin pathways and endothelial function were also 
observed. Interestingly, Zfra1-31 treatment decreased occasional blood 
glucose levels, anxiety-like behavior, and memory impairment. Further-
more, Zfra1-31 improved mitochondrial respiratory chain and OXPHOS 
function and calcium buffering capacity and decreased oxidative stress, 
being these defects associated to an inactivation of WWOX. Zfra1-31 
treatment also prevented insulin signaling and endothelial dysfunction.
Conclusion: Our observations demonstrate that HFD promotes brain 
cortical mitochondria dysfunction, oxidative stress, insulin signaling 
deregulation and endothelial dysfunction, contributing to behavioral 
and cognitive alterations. More, our findings support the therapeutic 
potential of Zfra1-31 against diabetes-associated brain damage.
Supported by: COMPETE 2020; PEst-C/SAU/LA0001/2013-
2014;EXPL/MED-FSL/0033/2021; UIDB/04539/2020; UIDP/0453
9/2020;CEECIND/02201/2017 and LA/P/0058/2020; ESCI
Disclosure: C. Carvalho: Grants; The work is supported by ERDF, 
through COMPETE 2020—Operational Programme for Competitive-
ness, FCT under the projects PEst-C/SAU/LA0001/2013-2014;EXPL/
MED-FSL/0033/2021; UIDB/04539/2020; UIDP/04539/2020;CEEC
IND/02201/2017 and LA/P/0058/2020, ESCI exploratory research 
grant 2021.

981
The effect of dual amylin and calcitonin receptor agonist treat-
ment on spatial memory in rat models of metabolic syndrome
K.E. Mohamed1, A.T.  Larsen1, S.A.  Melander1, M.A.  Karsdal1,2, K. 
 Henriksen1,2;
1Nordic Bioscience, Herlev, Denmark, 2Key Bioscience AG, Stans, 
Switzerland.

Background and aims: Obesity and metabolic-related complications, 
especially insulin resistance, have been linked to cognitive dysfunction. 
Dual amylin and calcitonin receptor agonists (DACRAs) elicit benefi-
cial effects on body weight, glucose control, and insulin action, making 
them novel candidates for treating obesity and related comorbidities. 
Whether DACRAs affect cognition has yet to be addressed. With these 
studies, we evaluated the effect of DACRA treatment on spatial learn-
ing and memory in rat models of metabolic syndrome.

Materials and methods: Spatial learning and spatial memory reten-
tion were evaluated by Morris Water Maze in Zucker diabetic Sprague 
Dawley (ZDSD) rats treated with KBP-336 (4.5 nmol/kg Q3D) for 7 
months and obese Zucker diabetic fatty-Spontaneously hypertensive 
heart failure F1 hybrid (ZSF1) rats treated with KBP-336 (4.5 nmol/
kg Q3D) for 2 months. In the ZDSD study, rats performed 8 training 
trials with a hidden platform in a constant position and a 60 s probe 
without the platform. At the study end, rats performed a 60 s probe 
followed by 4 re-training trials and another probe. At study end of the 
ZSF1 study, rats performed 6 training trials with a hidden platform 
in a constant position followed by a 60 s probe without the platform.
Results: In both studies, KBP-336 treatment improved the over-
all metabolic status, including glucose control and insulin action 
(P<0.001). In ZDSD rats, KBP-336-treated rats spent more time 
(26%, P<0.01) and traveled longer distances (30%, P<0.01) in 
Whishaw’s corridor than vehicle-treated rats during the probes at 
the study end. Together indicating a possible treatment improvement 
in spatial memory on KBP-336. In ZSF1 rats, KBP-336 treatment 
resulted in increased time spent in the platform quadrant (11%) and 
Whishaw’s corridor (22%), as well as increased distance traveled 
in Whishaw’s corridor during the probe (10%). In both studies, the 
treatment did not affect the spatial learning evaluated as latency to 
reach the hidden platform during the training trials.
Conclusion: Altogether, we found that the improved metabolic status 
obtained with KBP-336 treatment might have a beneficial effect on 
spatial memory in diabetic and obese rat models.
Supported by: IFD DIF EU-MSC
Disclosure: K.E. Mohamed: Employment/Consultancy; All authors is 
employed by Nordic Bioscience. Grants; The studies were funded by 
grants from the Danish Research Foundation (Den Danske Forsknings-
fond) and the Innovation Foundation, The work by KEM and KH was 
supported by the European Union’s Horizon 2020 research and inno-
vation program under the Marie Skłodowska-Curie grant agreement 
No. 814244. Stock/Shareholding; MAK and KH own stock in Nordic 
Bioscience A/S. All authors are employed by Nordic Bioscience A/S.

982
Clinical characteristics and healthcare utilisation associated with 
undiagnosed cognitive impairment in elderly patients with diabetes
E. Merzon1,2, M.  Shpigelman3, S.  Vinker1,4, A. Golan-Cohen1,4, I. 
 Green1,4, A.Y.  Israel1, T. Cukierman-Yaffe5,6, R.  Eldor7,8;
1Leumit HMO, Tel Aviv, Israel, 2Ariel University, Ariel, Israel, 
3Clalit Health Services, Petah Tikva, Israel, 4Department of Family 
Medicine, Tel Aviv University, Tel Aviv, Israel, 5Division of Endocri-
nology, Diabetes and Metabolism, Sheba Medical Centre, Ramat Gan, 
Israel, 6Epidemiology Department, Tel-Aviv University, Tel Aviv, 
Israel, 7Diabetes Unit, Tel Aviv Sourasky Medical Center, Tel Aviv, 
Israel, 8Tel-Aviv University, Tel Aviv, Israel.

Background and aims: Diabetes is a known risk factor for the devel-
opment of cognitive impairment.
Materials and methods: In this study, we present results from a 
screening initiative to detect impaired cognitive function in elderly 
patients with type 2 diabetes, conducted at an Israeli health insurance 
and medical services organization.
Results: Between 1 June 2015 and 31 May 2018, 350 patients with dia-
betes, age ≥ 65 (mean 73.8 ±5.8, 44.9% female), and no prior diagnosis 
of cognitive impairment were screened, using the Montreal Cognitive 
Assessment (MoCA) test. Of these, 130 (37.1%) had a MoCA score 
greater than 26, and 68 (19.4%) had a MoCA score < 19. At baseline, 
patients with MoCA < 19 had fewer years of education, but similar 
BMI and socioeconomic status. They had more depression, smoking, 
diabetic foot ulcers, and a higher HbA1c, serum creatinine, albumin/
creatinine ratio, and LDL cholesterol. They were also less likely to be 
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treated with GLP-1 agonists or DPP-4 and SGLT-2 inhibitors and more 
likely to be treated with insulin or a sulfonylurea. During a 12-month 
follow-up period, they had fewer visits to their main primary care physi-
cian (PCP) and shorter duration of PCP visits (minutes), fewer yearly 
foot examinations, nutritionist visits, and endocrinologist visits, and 
lower participation in diabetes education or smoking cessation work-
shops. They were more likely to utilize hospital-based services with 
more frequent emergency room (ER) visits, hospitalizations, and longer 
hospital stays. Using linear regression analysis, we observed that a low 
MoCA score was associated with fewer visits to the primary PCP and 
shorter visit duration to the main PCP or any PCP. Using multivariate 
logistic regression analysis adjusting for multiple clinical parameters 
we observed an association of low MoCA with an increased risk for ER 
visits, hospitalization, or long hospital stay.
Conclusion: This study exposes the very high prevalence of undiagnosed 
cognitive decline in elderly patients with diabetes, its association with 
poor outpatient care, and increased utilization of inpatient services. To 
address this, appropriate interventions should be developed to improve 
outcomes and prevent hospitalization in this high-risk population.

Disclosure: E. Merzon: None.

983
Glyoxalase 1 overexpression improves neurovascular coupling 
response and reduces cognitive decline in an animal model of 
type 1 diabetes
E. Berends1, M.G.  Pencheva1,2, D.J.H.  Hermes3, J.L.J.  Scheijen1, R.J. 
van  Oostenbrugge4,5, S.  Foulquier6,5, C.G.  Schalkwijk1;
1Internal Medicine, School for Cardiovascular Diseases (CARIM), 
Maastricht University, Maastricht, Netherlands, 2Biomedical Engi-
neering, Maastricht University, Maastricht, Netherlands, 3Psychiatry 
and Neuropsychology, School for Mental Health and Neuroscience 
(MHeNs), Maastricht University, Maastricht, Netherlands, 4Dept. of 
Neurology, Maastricht University Medical Centre, Maastricht, Neth-
erlands, 5School for Cardiovascular Diseases (CARIM), School for 
Mental Health and Neuroscience (MHeNs), Maastricht, Netherlands, 
6Dept. of Pharmacology & Toxicology, Maastricht University, Maas-
tricht, Netherlands.

Background and aims: Diabetes is associated with cognitive 
impairment, however, the underlying mechanism remains unclear. 
Methylglyoxal (MGO), a precursor in the formation of advanced 
glycation end products (AGEs), is a small but highly reactive 
molecule, which arises from the breakdown of glucose and is 
increased in diabetes. MGO is associated with microvascular 
dysfunction in diabetes. We hypothesise that MGO accumulation 
in diabetes causes cognitive impairment which can be prevented 
by overexpression of glyoxalase 1 (Glo1); the enzyme involved in 
the breakdown of MGO.
Materials and methods: Diabetes was induced in 8-9 week old Glo1 
overexpressing C57Bl/6 mice and wild type littermates, by streptozo-
tocin injection (STZ, 50mg/kg IP) on 5 consecutive days, resulting in 
3 groups (control, diabetes, Glo1/diabetes, n=10-12/group). Fasting 
blood glucose was measured at week 13. Mouse cognitive function 
was tested at 5-7 and 14-16 weeks using various cognitive tests. At 
17 weeks, cerebral blood flow (CBF) was measured by laser speckle 
contrast imaging. Neurovascular coupling (NVC) was measured by 
assessing the change in CBF in the barrel cortex upon whisker stimu-
lation (10Hz, 30s). Animals were sacrificed at 17 weeks and GLO1 
activity was measured in the cortex. MGO and AGEs were measured 
in the brain using UHPLC-MS/MS.
Results: Glucose levels in diabetes (25.6±3.0mM) and Glo1/diabe-
tes (23.6±2.7mM) groups were increased vs control (7.0±1.0mM) 
(p<0.0001). GLO1 activity was increased 2.5-fold in Glo1/diabetes 
and decreased 10% in diabetes compared to control (p<0.0001 and 
p<0.05, respectively). Although we did not find differences in MGO 
in brain cortex, we found a 20% increase of MGO-derived hydroimi-
dazolone-1 (MG-H1) in the diabetes but not in the Glo1/diabetes group 
vs control (p<0.05). The average CBF increase in the barrel cortex 
upon whisker stimulation was unaffected. However, the NVC response 
time was increased in diabetes group, and this was not observed in 
Glo1/diabetes. A decreased visuospatial memory was observed in dia-
betes mice, compared to control, which was normalised in the Glo1/
diabetes group.
Conclusion: We found that diabetes impairs long-term memory in 
mice and reduced the NVC response speed, which was prevented 
by overexpression of Glo1. These data suggest that MGO forma-
tion and MGO-derived AGE accumulation in the brain in diabetes 
has an effect on cerebrovascular and cognitive functions. There-
fore, it would be of interest to further investigate MGO detoxi-
fication in patients suffering from diabetes with cerebrovascular 
complications.
Supported by: EFSD/Boehringer Ingelheim European Research Pro-
gramme, EFSD and Sanofi European Diabetes Research Programme
Disclosure: E. Berends: None.

984
The association of circulating chemerin level with mild cognitive 
impairment in patients with type 2 diabetes based on resting-state 
fMRI analysis
X. Yang1, W.  Wang1, Y.  Yang2, B.  Yang3, B.  Lu1, X.  Hui4, P.  Gu1, 
J.  Shao1;
1Department of Endocrinology, Jinling Hospital, School of Medi-
cine, Nanjing University, Nanjing, China, 2Department of Medical 
Imaging, Jinling Hospital, School of Medicine, Nanjing University, 
Nanjing, China, 3Department of Endocrinology, Jinling Hospital, 
Nanjing Med University, Nanjing, China, 4School of Biomedi-
cal Science, The Chinese University of Hong Kong, Hong Kong, 
China.

Background and aims: Chemerin, an adipokine secreted by adipose 
tissue, plays a major role in the control of metabolism and inflamma-
tion. Recently, the expression of chemerin receptors has been detected 
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in the central nervous system and it may regulate neuronal activity 
and brain functions. However, few studies have explored the relation-
ship between chemerin and MCI in human populations. This study 
aimed to investigate whether serum chemerin level was associated 
with cognitive performance and brain dynamics in patients with type 
2 diabetes mellitus (T2DM) based on resting-state fMRI analysis.
Materials and methods: Three hundred and one patients with T2DM 
(179 mild cognitive impairment (MCI) and 122 cognitively normal 
controls (NC)) were recruited for serum chemerin determination by 
ELISA. Cognitive functions were assessed using Montreal Cognitive 
Assessment test (MoCA) and neural activity of brain was measured 
by rest-state function MRI (rs-fMRI).
Results: Serum chemerin level was significantly lower in patients 
with MCI, compared to those without MCI. Spearman’s correlation 
analysis revealed a significant positive correlation between chemerin 
level and visuospatial, language, and delayed recall ability subscores. 
Logistic regression analysis showed that lower chemerin level was 
associated with elevated risk of MCI and the area under the ROC 
curve was 0.752 (95%CI: 0.641, 0.862) for serum chemerin as pre-
dictor of cognitive impairment stage. Among rs-fMRI parameters, 
patients in high-chemerin group (chemerin≥103.7076ng/ml) had sig-
nificantly increased mean amplitude of low-frequency fluctuations 
(mALFF) in the right lingual gyrus, fusiform gyrus, bilateral middle 
and superior occipital gyrus, compared to patients in low-chemerin 
group (chemerin<103ng/ml). The correlation analysis showed 
mALFF values were positively correlated with serum chemerin level 
and subscores of visuospatial, language, and delayed recall ability in 
these areas of the brain. Independent component analysis of brain 
network revealed that patients in the high-chemerin group had sig-
nificantly higher FC levels between the medial visual network (mVN) 
and the ventromedial prefrontal cortex (vmPFC), as well as between 
the posterior default mode network (pDMN) and the anterior default 
mode network (aDMN) than patients in the low-chemerin group. Fur-
thermore, the FC value between vmPFC and mVN, as well as the FC 
value between pDMN and aDMN, demonstrated a significant positive 
correlation with chemerin levels and visuospatial score, respectively. 
Furthermore, the FC value between vmPFC and mVN was positively 
correlated with the delayed recall score, while the FC value between 
pDMN and aDMN was positively correlated with the language score.
Conclusion: Our findings suggest that chemerin level in patients 
withT2DM was positively associated with cognitive abilities, mALFF 
and functional connectivity, supporting the potential protective effect 
of chemerin on cognitive deficits in diabetes.
Disclosure: X. Yang: None.
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Longitudinal intraocular imaging of liver spheroids to uncover 
novel aspects of liver physiology and pathology
N. Moruzzi, F. Lazzeri-Barcelo, N. Oliva-Vilarnau, M. Baniol, 
B. Leibiger, O. Bergmann, V.M. Lauschke, I.B. Leibiger, P.-O. 
Berggren;
Karolinska Institutet, Stockholm, Sweden.

Background and aims: The longitudinal in vivo monitoring of 
liver functions is limited by the lack of high-resolution non-inva-
sive techniques. Currently, hepatocytes-3D-spheroids are the gold 
standard to study liver functions in vitro. However, in vitro stud-
ies are time-limited and lack diverse body stimuli. The anterior 
chamber of the eye (ACE) of mice can be used as a transplantation 
site, where the cornea acts as a natural window, through which 
engrafted tissues can be imaged by confocal microscopy at cel-
lular resolution. In this work, we aim to establish and characterize 
a platform for non-invasive in vivo longitudinal imaging of mouse 
liver spheroids engrafted in the ACE and explore its suitability to 
study pivotal aspects of liver physiology/pathology.
Materials and methods: Mouse liver spheroids generated in vitro 
were transplanted into the ACE of recipient mice. Ex vivo immuno-
fluorescence, electron microscopy and RNA-seq were used to charac-
terize the engrafted spheroids. Vasculature, cell cycle, bile secretion, 
lipoprotein uptake and lipid accumulation were studied in vivo by 
confocal microscopy using fluorescent probes administered intrave-
nously as well as spheroids formed from transgenic reporter mice.
Results: Transplanted liver spheroids become vascularized and 
innervated. Their vascularization is complete at 1-month post-
transplantation (post-tx) (vessel area % mean+SD 1week 1.8±1.6; 
1month 18.1±5.2; 2months 19.6±4.6; n=10). The transcriptome of 
the engrafted liver spheroids at 2-months post-tx shows hepatocyte-
specific and liver-signature genes. Moreover, several liver-like fea-
tures such as glycogen granules, lipid droplets, bile canaliculi and 
Disse-like space were shown by electron microscopy. Examples of 
hepatocyte functions in vivo such as LDL uptake and bile acid export 
were studied. PHrodo-LDL administered by tail vein injection showed 
a prominent accumulation within the cytoplasm of hepatocytes in 
the ACE. In the bile export assay, injected CMFDA was excreted by 
the hepatocytes and accumulated in bile canaliculi of the engrafted 
spheroids. To exemplify the potential for in vivo longitudinal moni-
toring of liver spheroid biology, we first studied cell cycle activity in 
intraocular liver spheroids generated from the Fluorescent Ubiquitina-
tion-based Cell Cycle Indicator transgenic mouse. Here, we show that 
after a peak of DNA replication after transplantation, the liver sphe-
roids maintain a low but constant cell cycle activity (% replicative 
cells mean+SD 2days 26.8±18; 6weeks 4.4±3.7; 14weeks 2.3±2.7; 
n≥18; p<0.001 2d vs 6-14weeks). Second, we evaluate the potential 
of this platform in acting as a reporter for endogenous liver functions, 
by imaging lipid accumulation induced by high-fat-high-fructose diet 
(HFHFr) for 12 weeks. Both in vivo (SF-44 fluorescence probe) and 
ex vivo imaging show a significant increase in lipid droplets (droplets/
slice mean±SD HFHFr 446±220 vs control 12±3; n≥11; p<0.001) in 
the ACE-liver spheroids compared to control animals.
Conclusion: We have established and characterized a platform for 
intraocular non-invasive imaging of liver-like tissue at cellular resolu-
tion. Our data show that ACE-engrafted liver spheroids retain overall 
signatures and phenotypic features of mature hepatocytes. This plat-
form will facilitate longitudinal monitoring of liver physiology and 
disease progression in both pre-clinical and basic research.
Supported by: ERC-2018-AdG 834860 EYELETS; KI fonder; SRP 
Diabetes at KI; Swedish Research Council; Novo Nordisk Foundation
Disclosure: N. Moruzzi: None.
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TXNIP contributes to NAFLD and related fibrosis by activating 
the cGAS-STING-PERK pathway
W. Deng, Y. Li, D. Liu;
Department of Endocrinology, The Second Affiliated Hospital of 
Chongqing Medical University Chongqing, Chongqing, China.

Background and aims: Thioredoxin-interacting protein (TXNIP), a 
crucial modulator of the redox system, plays a crucial role in modu-
lating lipid/glucose metabolism. But its contribution to non-alcoholic 
fatty liver disease (NAFLD) is controversial. The present study was 
designed to investigate the effects and mechanisms of TXNIP on the 
NAFLD and related fibrosis.
Materials and methods: To make fatty liver model, TXNIP-/- and 
C57BL/6J mice were fed either a normal chow diet (NCD) or a high-
fat diet (HFD) until 20 weeks. Carbon tetrachloride (CCl4) was given 
intraperitoneally for 8 weeks, to create liver fibrosis models both NCD 
and HFD mice. Further, AAV8-DIO-TXNIP was injected into Lrat-Cre 
mice to establish the model of TXNIP overexpression in hepatic stellate 
cells (HSCs). The biochemical indexes, inflammatory factors and fibro-
sis related markers, including Massion and Sirius red staining as well as 
HSC activation markers, were examined on those mice to investigate the 
role of TXNIP on NAFLD and hepatic fibrosis. In vitro experiment, to 
verify the effect of TXNIP expression on activation of HSCs, the mouse 
HSCs line were transfected with LV-TXNIP and LV-siTXNIP, then incu-
bated with Free Fatty Acid (FFA) or/and Transforming growth factor 
β1(TGF-β1). The HSC activation markers, including α-smooth muscle 
actin (α-SMA) and collagen I, and pathways were examined to explore 
the mechanism of TXNIP on NAFLD and its related fibrosis in vitro.
Results: TXNIP deficiency ameliorated HFD-induced lipid/glucose 
metabolism disorder, inflammation and hepatic fibrosis in mice. 
Intriguingly, TXNIP−/− HFD mice displayed increased body weight 
gain, and had larger hepatic lipid droplets than C57 HFD mice. CCl4 
caused further impairment of liver function, elevated inflammatory 
factors and induces significant hepatic fibrosis in NCD and HFD 
mice, those were alleviated in TXNIP−/− mice. TXNIP overexpres-
sion in HSCs aggravated HFD- and CCl4-induced liver damage and 
fibrosis in Lrat-Cre mice. Meanwhile, overexpression of TXNIP 
aggravates the elevated levels of α-SMA and collagen I caused by 
FFA and TGF-β1 in mouse HSCs line, silencing of TXNIP reduced 
those HSC activation markers. Studies suggested that TXNIP activat-
ing cyclic GMP-AMP synthase (cGAS) and stimulator of interferon 
genes (STING), which activates their downstream target PERK, thus 
aggravated hepatic fibrosis in vitro and in vivo.
Conclusion: TXNIP expression playing a key role in managing 
lipid/glucose metabolism, liver damage, inflammation, and fibrosis. 
It aggravates NAFLD and hepatic fibrosis by activating the cGAS-
STING-PERK pathway.
Supported by: Natural Science Foundation of Chongqing under Grant 
No. CSTB2022NSCQ-MSX1573
Disclosure: W. Deng: None.

987
Systematic screening for advanced fibrosis due to NAFLD using 
transient elastography performed in diabetology: the NAFLD-
Care prospective study
C. Caussy1, B. Vergès2, S. Beland-Bonenfant3, V.  Hervieu4, M. 
Mayanard-Muet5, D.  Delaunay1, S.  Hadjadj6, J.  Thureau6, J.-M.  Petit7, 
S. Charrière8, P.  Moulin1, M.  Levrero5, B.  Cariou6, E.  Disse1;
1Département Endocrinologie, Diabète et Nutrition, Hospices Civils de 
Lyon, Lyon, France, 2Department of Endocrinology, Diabetes and Meta-
bolic Disorders, Dijon University Hospital, Dijon, France, 3Dijon Univer-
sity Hospital, Dijon, France, 4Biopathology of Tumours, Hospices Civils 
de Lyon, Bron, France, 5Hépatologie, Hôpital Croix-Rousse, Hospices 

Civils de Lyon, Lyon, France, 6l’institut du thorax, Nantes Université, 
Nantes, France, 7Endocrinology, Diabetes and Metabolic Disorders, Dijon 
University Hospital, Dijon, France, 8Département Endocrinologie, Dia-
bète et Nutrition, Hospices Civils de Lyon, Bron, France.

Background and aims: Patients with T2D and/or obesity are at high 
risk of non-alcoholic fatty liver disease (NAFLD) related advanced 
fibrosis (AF). The systematic screening for AF is now recommended in 
this population but there are limited prospective data of patients enrolled 
in a screening for AF in diabetology. Hence, we aimed at assessing the 
prevalence of AF and utility of non-invasive tests (NITs) in a prospec-
tive study using transient elastography (TE) performed in diabetology.
Materials and methods: This is a multicenter prospective study, includ-
ing patients with T2D and/or obesity and NAFLD, age between 40-80 
years old and BMI <40 kg/m2 enrolled in a systematic screening for 
NAFLD-related AF in four diabetology departments in France from Octo-
ber 2020 to March 2023. All patients underwent a standardized research 
visit with fasting labs including Fibrotest and liver stiffness assessment 
using TE by FibroScan. All other causes of liver disease were excluded. 
The presence of AF was determined after referral in hepatology by either 
histological fibrosis stage ≥F3, overt imaging diagnosis of cirrhosis or 
concordant TE≥8kPa and Fibrotest ≥F3 according to EASL guidelines.
Results: Of 557 patients screened, 539 met eligibility. The mean age and 
BMI were 59.4 (±9.7) years and 32.8 (±4.1) kg/m2, 55.8% were male, 
75.7% had obesity, 86.5% had T2D, 71.1% were treated for dyslipidemia 
and 67.2% had hypertension. Among them, 55.1% had a FIB-4<1,3 and 
the proportion of participants with TE ≥8kPa and TE ≥12 kPa was 
19% and 5%, respectively. The presence of AF was ruled out in 70.5% 
(n=380) participants based upon concordant TE<8kPa and Fibrotest<F3 
in diabetology. Among participants referred in hepatology, 34 had a con-
firmed diagnosis of AF (18 had histological stage F3, 5 had an imaging 
diagnosis of cirrhosis and 11 had concordant TE and Fibrotest ≥F3) and 
55 had an undetermined status of AF due to discordant NITs and no liver 
biopsy results. Among participant with a determined status of AF, the 
prevalence of AF was 7% (34/484). FIB-4 <1.3 had a high negative pre-
dictive value (NPV) of 98.2%. Among participants with AF, 11% (n=5) 
had a false negative FIB-4<1.3. These participants were significantly 
younger compared to those with AF and FIB-4>1.3: mean age 52.6 
(±6.7) vs 66.3 (±7.9), p=0.001. An age below 60 years was significantly 
associated with false negative FIB-4, p<0.001.
Conclusion: The estimated prevalence of AF in this multi-center 
prospective study of patients enrolled in a systematic screening was 
7%. A FIB-4<1.3 had a very high NPV to rule out the presence of 
AF but may misclassified patients younger than 60 years. Further 
analysis, in a larger population will help refine the prevalence of AF 
and the optimal screening strategy in diabetology.
Clinical Trial Registration Number: NCT04435054
Supported by: Gilead
Disclosure: C. Caussy: Employment/Consultancy; Novo Nordisk, 
Bayer, MSD, Gilead, Lilly. Grants; Gilead, E-scopics. Lecture/other 
fees; Echosens. Non-financial support; Lilly, Ipsen , Novo Nordisk, 
MSD, Gilead.

988
Greater hepatic lipid saturation is associated with impaired gly-
caemic regulation in men with NAFLD but is not altered by six 
weeks of exercise training
S.A. Willis1,2, S.  Malaikah1,2, S.  Bawden3,4, J.A.  Sargeant2,5, C.R. 
 Bradley3,4, T.  Yates2,5, D.J.  Stensel1,2, D.R.  Webb2,5, M.J.  Davies2,5, 
G.P.  Aithal4,6, J.A.  King1,2;
1School of Sport, Exercise and Health Sciences, Loughborough Univer-
sity, Loughborough, UK, 2NIHR Leicester Biomedical Research Centre, 
University Hospitals of Leicester NHS Trust and the University of Leices-
ter, Leicester, UK, 3Sir Peter Mansfield Imaging Centre, University of 
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Nottingham, Nottingham, UK, 4NIHR Nottingham Biomedical Research 
Centre, Nottingham University Hospitals NHS Trust and the University of 
Nottingham, Nottingham, UK, 5Diabetes Research Centre, University of 
Leicester, Leicester, UK, 6Nottingham Digestive Diseases Centre, School 
of Medicine, University of Nottingham, Nottingham, UK.

Background and aims: Preclinical studies suggest that greater 
hepatic lipid saturation is linked to more severe metabolic and hepatic 
complications in non-alcoholic fatty liver disease (NAFLD); however, 
it is unclear whether these findings translate to humans and if exercise 
can alter hepatic lipid composition. This study examined the impact 
of impaired glucose regulation and exercise training on hepatic lipid 
composition in men with NAFLD.
Materials and methods: In Part A (cross-sectional design), 40 men with 
NAFLD (liver proton density fat fraction [PDFF] ≥ 5.56%) were recruited 
to one of two groups: 1) normal glucose regulation (NGR;  HbA1c < 6.0%; 
n=14); 2) impaired glucose regulation (IGR;  HbA1c ≥ 6.0%; n=26). In Part 
B (RCT design), the IGR group were randomised to one of two 6-week 
interventions: 1) exercise training (EX; 70-75% estimated max heart rate; 
4 sessions/wk); 2) non-exercise control (CON). Hepatic lipid composition 
indices of saturation (SI; primary outcome), unsaturation (UI), and polyun-
saturation (PUI) were determined using proton magnetic resonance spec-
troscopy (1H-MRS). Other secondary outcomes included liver PDFF (1H-
MRS),  HbA1c, fasting plasma glucose, HOMA-IR, and plasma cytokeratin 
18 [CK18] M30 and M65 (markers of hepatocyte death). Differences 
between the NGR and IGR groups were assessed using independent t-tests 
and Mann-Whitney U tests. Generalised linear models, adjusted for base-
line and ethnicity, were used to compare responses between interventions.
Results: In Part A, the IGR group showed a higher hepatic SI and 
lower hepatic UI vs. the NGR group (Table 1; P = 0.038). Furthermore, 
 HbA1c, fasting plasma glucose and plasma CK18 M65 were also higher 
in the IGR vs. NGR group (P ≤ 0.008). Conversely, hepatic PUI, liver 
PDFF, BMI, HOMA-IR and plasma CK18 M30 were similar between 
groups (P ≥ 0.137). In Part B, the hepatic lipid composition indices (SI, 
UI, PUI) were unchanged after EX vs. CON (P ≥ 0.137). Fasting plasma 
glucose was reduced after EX vs. CON (P = 0.006), while responses 
in all other outcomes were similar between interventions (P ≥ 0.083).
Conclusion: In patients with NAFLD, the presence of impaired 
glucose regulation is associated with higher saturated and lower 
unsaturated hepatic lipids; however, this composition is not altered 
by six weeks of exercise training.

Clinical Trial Registration Number: NCT04004273
Supported by: Funded by Diabetes UK and the NIHR Leicester and 
Nottingham BRCs
Disclosure: S.A. Willis: None.

989
Identifying novel subtypes of non-alcoholic fatty liver disease 
with distinct risks of hepatic and extrahepatic outcomes: a 
data-driven cluster analysis
T. Gu1, D.  Fang1, W.  Zhou2, Y.  Shi3, Y.  Bi1;
1Department of Endocrinology, Affiliated Drum Tower Hospital, 
Medical School, Nanjing University, Nanjing, China, 2Department 
of Health Management Centre, Affiliated Drum Tower Hospital, 
Medical School, Nanjing University, Nanjing, China, 3State Key 
Laboratory of Novel Software Technology, National Institute of 
Health-care Data Science, Nanjing University, Nanjing, China.

Background and aims: To refine the classification of NAFLD by 
utilizing clinical parameters for distinguishing the varying risks of 
hepatic and extra-hepatic complications in patients with NAFLD.
Materials and methods: We did data-driven cluster analysis with 
Two-step and k-means clustering in patients with biopsy-proved 
NAFLD (n=670). Clusters were based on six variables (BMI, fast-
ing blood glucose, TC/HDL ratio, γ-GT/platelets ratio and globulins). 
Validation was performed in a longitudinal physical examination 
cohort (n=14,102, 34.8% of NAFLD). The cumulative event curves 
were estimated with the Kaplan-Meier method.
Results: We identified four clusters with distinct clinical characteristics 
and risks of hepatic and extrahepatic complications. Cluster 1 (Age-
related NAFLD) characterized by the oldest age, associated with the 
highest risk of cardiovascular outcomes. Cluster 2 (Metabolic disor-
ders-related NAFLD) characterized by worse metabolic control and 
severe insulin resistance conferred a higher risk of liver-related adverse 
outcomes and moderate increased risk of cardiovascular disease. Clus-
ter 3 (Obesity-related NAFLD) characterized by obesity and modest 
metabolic derangements, with the lowest risk of cardiovascular disease. 
Cluster 4 (Systematic inflammation-related NAFLD) characterized by 
the highest levels of inflammatory biomarkers, but relatively lower 
risks of cardiovascular disease and liver related adverse outcomes.
Conclusion: We stratified NAFLD patients into four subgroups with 
distinct clinical characteristics and varying risks of hepatic and extra-
hepatic adverse outcomes. This new classification might allow for 
more precise strategies for targeted NAFLD prevention and treatment.
Clinical Trial Registration Number: NCT05560997
Supported by: National Natural Science Foundation of China 
(81970704, 82030026))
Disclosure: T. Gu: None.

990
Physical activity clusters among persons with type 2 diabetes: a 
secondary cross-sectional analysis
I.K. Thorsen1, C.G.  Durrer1, J.C. Brønd2, J.S.  Nielsen3, M. 
Ried-Larsen1,2;
1Centre for Physical Activity Research, Copenhagen University Hos-
pital - Rigshospitalet, Copenhagen, Denmark, 2Department of Sports 
Sciences and Clinical Biomechanics, University of Southern Den-
mark, Odense, Denmark, 3Steno Diabetes Center Odense, Odense 
University Hospital, Odense, Denmark.

Background and aims: Physical activity (PA) recommendations are 
only met by roughly 45% of persons with type 2 diabetes (T2D). 
Identifying and characterizing PA patterns of persons with T2D will 
help to target interventions according to individual needs. The aim 
of this study is to identify PA clusters based on data driven analyses 
of objectively measured PA, and to investigate differences in soci-
odemographic and health-related characteristics, PA motivation, and 
personality traits between clusters.
Materials and methods: This is a secondary cross-sectional analysis 
of previously published data. Persons with T2D who were referred 
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to a public health center provided data on objectively measured PA; 
body weight and waist circumference; and completed a questionnaire 
survey covering: sociodemographic and health-related characteris-
tics; the 12-item Short-Form Health Survey (SF-12); the Behavioral 
Regulation of Exercise Questionnaire (BREQ-2); the NEO-Five Fac-
tor Inventory (NEO-FFI); and the Sensation Seeking Scale (SSS). 
PA data were analyzed using k-means cluster analysis. Differences 
between clusters were tested using Fisher’s exact test for proportions, 
and for continuous data, one-way ANOVA when normally distrib-
uted and Kruskal-Wallis one-way ANOVA when not. If indicative 
by the overall test (p<0.05), pairwise comparisons were performed. 
All p-values are 2-sided.
Results: The cluster analysis separated participants (n=195) into four 
PA clusters: cluster 1 (C1), high moderate-and-vigorous PA (MVPA)/
high light PA (LPA)/low sitting time; cluster 2 (C2), high MVPA/
moderate LPA/high sitting time; cluster 3 (C3), moderate MVPA/
moderate LPA/high sitting time; and cluster 4 (C4), low MVPA/low 
LPA/high sitting time. No differences in personality traits (NEO-FFI 
and SSS) were observed between clusters (p>0.05). Table 1 presents 
body composition and questionnaire data, i.a., health-related quality 
of life (HR-QoL; SF-12 score) and PA motivation (BREQ-2 score). 
Specifically, C4 compared to C1 contained more men (p=0.001), 
were older (p=0.003), had a higher body weight (p=0.001) and waist 
circumference (p=0.001), and a lower PA motivation (p=0.001). 
Moreover, C1 had a shorter T2D duration compared to C3 (p=0.005). 
C2 were younger than C3 and C4 (p<0.01) and had a higher physical 
HR-QoL than C4 (p=0.005).
Conclusion: This data driven approach offers a new method to iden-
tify PA clusters and characterize PA patterns and the persons that 
engage in them. This study suggests that the need for PA intervention 
is lower among relatively younger persons (C1 and C2), especially 
less obese women with short T2D duration (C1). In contrast, accord-
ing to these data, PA treatment should be targeted older, more obese 
men with low PA motivation and low physical HR-QoL (C4).

Clinical Trial Registration Number: NCT02341690
Supported by: TrygFonden, Augustinus Fonden, the Foundation for 
Prevention, and the Foundation for Intersectoral Research Projects
Disclosure: I.K. Thorsen: Grants; TrygFonden.
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Association between ketogenic capacity and metabolic-associated 
fatty liver disease in patients with type 2 diabetes
J. Bae1, S.  Lee2, M.  Lee3, Y.-H.  Lee3, E.S.  Kang3, B.-S.  Cha3, B.-W. 
 Lee3;
1Catholic Kwandong University College of Medicine, International 
St. Mary’s Hospital, Incheon, Republic of Korea, 2CHA Gangnam 
Medical Center, CHA University School of Medicine, Seoul, Repub-
lic of Korea, 3Yonsei University College of Medicine, Seoul, Repub-
lic of Korea.

Background and aims: Ketogenesis is known to be associated with 
better metabolic outcomes, such as weight loss and lower prevalence of 
type 2 diabetes (T2D). Since it is an effective pathway for disposal of 
fatty acids in the liver, its protective effect on metabolic-associated fatty 
liver disease (MAFLD) is also expected. However, the results of previous 
studies have been controversial. This study aimed to investigate the asso-
ciation between ketogenic capacity and MAFLD in patients with T2D.
Materials and methods: Using electronic medical records, a total 
of 361 patients with newly diagnosed T2D was recruited. They were 
divided into two groups according to their ketogenic capacity, which 
was assessed based on fasting serum β-hydroxybutyrate (β-HB) levels; 
intact vs. impaired ketogenesis groups. MAFLD status was investi-
gated through liver transient elastography. We defined steatosis stage 
2 or higher based on the controlled attenuation parameter (CAP, ≥ 
260 dB/m) as an advanced MAFLD. The MAFLD status between two 
groups was compared, and the logistic regression analysis was con-
ducted on the association between keteogenic capacity and MAFLD.
Results: Compared to the impaired ketogenesis group, the intact 
ketogenesis group showed higher glycated hemoglobin (HbA1c, 8.0 ± 
1.3 vs. 7.5 ± 1.0 %, P=0.001), but lipid profiles and body mass index 
(BMI) were not significantly different. CAP values tended to be lower 
in the intact ketogenesis group, but it was not statistically significant 
(290.1 ± 52.0 vs. 295.5 ± 43.0 dB/m, P=0.287). However, there was 
a significant difference in the proportion of patients with advanced 
MAFLD between two groups [110 of 163 (67.5%) vs. 157 of 198 
(79.3%), P=0.015]. In addition, ketogenic capacity showed a significant 
association with advanced MAFLD in multivariable logistic regression 
analysis, adjusted for age, gender, BMI, HbA1c, low density lipoprotein-
cholesterol and homeostasis model assessment of insulin resistance (odd 
ratio 0.55, 95% confidence interval 0.30-0.98, P=0.044).
Conclusion: In patients with T2D, intact ketogenic capacity is associ-
ated with a lower risk of advanced MAFLD.
Disclosure: J. Bae: None.

992
Combined effects of diabetic kidney disease (DKD) and non-alco-
holic fatty liver disease (NAFLD) on all-cause mortality and risk 
of cardiovascular events in type 2 diabetes
M. Garofolo1, D.  Lucchesi1, M.  Giambalvo1, M.  Capobianco1, G. 
 Mancini1, P.  Francesconi2, G.  Penno1, S. Del  Prato1;
1University of Pisa, Pisa, Italy, 2Regional Health Agency (ARS) of 
Tuscany, Florence, Italy.

Background and aims: The prevalence of NAFLD in type 2 dia-
betes (T2D) is estimated at about 60%, at least double than in the 
general population (20-30%). Approximately 40% of patients with 
T2D also have DKD; thus, a sizable proportion of subjects may have 
both conditions. We investigate the combined effects of DKD and 
NAFLD on cardiovascular events (CVE) and all-cause mortality in 
patients with T2D.
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Materials and methods: 961 T2D were observed for a mean of 
13.1±2.8 years. Vital status was retrieved for all subjects on Decem-
ber  31st, 2017, by interrogating the Italian Health Card Database; data 
for major CVE were available for 947 participants (98.5%), and were 
obtained, to the same date, from hospital discharge registers (ICD-
9-CM codes). DKD was defined as eGFR <60 ml/min/1.73  m2 and/or 
uACR ≥30 mg/g; NAFLD was defined as fatty liver index (FLI) ≥60 
(calculated from triglycerides, gGT, BMI, WC). Following Kaplan-
Meier (K-M) analyses, HRs and 95% CI for outcomes associated with 
DKD, NAFLD or both were assessed by adjusted Cox regressions.
Results: 325 subjects (33.8%) were noDKD/noNAFLD, 435 (45.3%) 
noDKD/NAFLD, 39 (4.1%) DKD/noNAFLD, and 162 (DKD/NAFLD). 
HbA1c was similar in subgroups. Both subgroups with NAFLD showed 
metabolic unfavorable profile and worse inflammatory pattern, while both 
subgroups with DKD had higher blood pressure and rate of hypertension. 
Estimated glucose disposal rate (eGDR, a proxy of insulin resistance) was 
lower in all subgroups compared with noDKD/noNAFLD. We registered 
229 deaths (23.8%; 18.25 x 1000 PY; 95% CI 16.03-20.78), 273 major CVE 
(28.8%; 25.68 x 1000 PY; 22.80-28.91), 181 coronary events (CHD: 19.1%; 
16.20 x 1000 PY, 14.01-18.74), 82 hospitalization for heart failure (hHF: 
8.7%; 6.79 x 1000 PY, 5.47-8.44), 101 cerebrovascular events (CVE: 10.7%; 
6.79 x 1000 p-y, 95% CI 5.47-8.44), 39 peripheral vascular diseases (PVD: 
4.1%), and 71 ESKD (7.5%; 5.87 x 1000 PY, 4.65-7.41). Across DKD-
NAFLD subgroups, deaths were 16.3, 21.8, 25.6 and 43.8% (p<0.0001) with 
HRs (age and sex adjusted, Model 1; ref.: noDKD/noNAFLD) of 1.50 (95% 
CI 1.07-2.10, p=0.018) for noDKD/NAFLD, 1.27 (0.64-2.49, p=0.496) for 
DKD/noNAFLD, and 3.14 (2.20-4.49, p<0.0001) for DKD/NAFLD. Upon 
wider adjustment (Model 2), HRs were 1.50 (95% CI 1.07-2.10, p=0.020) for 
noDKD/NAFLD, 1.15 (0.58-2.27, p=0.697) for DKD/noNAFLD, and 2.73 
(1.90-3.93, p<0.0001) for DKD/NAFLD. Table reports the effects of DKD-
NAFLD combinations on CVE (ref.: noDKD/noNAFLD; n. 315 subjects).
Conclusion: DKD and NAFLD concur increasing risk of mortal-
ity and CVE in T2D. NAFLD alone is also associated with adverse 
outcomes. Monitoring and care of both DKD and NAFLD should be 
assured to prevent CVE and reduce mortality in T2D.

Disclosure: M. Garofolo: None.

993
Association of thyroid function with nonalcoholic fatty liver dis-
ease in recent-onset diabetes
N. Saatmann1,2, M. Schön1,2, O.-P.  Zaharia1,2, M.  Huttasch1,2, K. 
 Strassburger2,3, S.  Trenkamp1,2, Y.  Kupriyanova1,2, V. Schrauwen-
Hinderling1,2, S.  Kahl1,2, V.  Burkart1,2, R.  Wagner1,2, M.  Roden1,2;
1Institute for Clinical Diabetology, German Diabetes Center, Leibniz 
Institute for Diabetes Research, Düsseldorf, Germany, 2German Center 
for Diabetes Research (DZD e.V.), München-Neuherberg, Germany, 
3Institute for Biometrics and Epidemiology, German Diabetes Center, 

Leibniz Institute for Diabetes Research at Heinrich Heine University, 
Düsseldorf, Germany.

Background and aims: Nonalcoholic fatty liver disease (NAFLD) is 
a growing health concern associated with obesity and type 2 diabe-
tes. Thyroid hormones are important regulators of lipid homeostasis. 
Nevertheless, the relationships between thyroid function and NAFLD 
in diabetes is less clear. This study investigated associations between 
free thyroxine (fT4) or thyroid-stimulating hormone (TSH) and 
NAFLD in 1129 participants of the German Diabetes Study (GDS).
Materials and methods: Individuals with recent-onset type 2 dia-
betes (n=596), type 1 diabetes (n=358) or without diabetes (n=175) 
underwent Botnia clamp tests and assessment of fT4, TSH. Hepatic 
steatosis was assessed in the whole cohort with the fatty liver index 
(FLI) and in a representative subcohort (n=446) with 1H-magnetic 
resonance spectroscopy. Upon correlation analyses between thyroid 
function, NAFLD and clamp-derived insulin sensitivity, diagnostic 
precision of fT4 and TSH was calculated for presence of steatosis 
from area under the receiver operating characteristic curve (AUROC).
Results: Circulating fT4 correlated negatively with FLI and insu-
lin sensitivity exclusively in type 2 diabetes (ß=-0.112; p=0.0064; 
ß=0.126; p=0.0086), specifically in males (ß=-0.139, p=0.0046; 
ß=0.162; p=0.0041; females: ß=-0.086, p=0.2582; ß=0.01; p=0.9098). 
Also, TSH associated positively with FLI only in male type 2 diabetes 
(ß=0.116, p=0.0178). The AUROC of fT4 for detecting steatosis was 
0.57, 95% CI [0.53;0.62] (p<0.001) in T2D, but not significant in other 
groups, while the AUROC for TSH was not significant in any group.
Conclusion: Both liver fat content and insulin sensitivity correlate with 
lower thyroid function in male type 2 diabetes, suggesting a sex-specific 
association. However, both fT4 and TSH offer no clinically relevant 
diagnostic precision to assess steatosis risk in recent-onset diabetes
Clinical Trial Registration Number: NCT01055093
Disclosure: N. Saatmann: None.

994
Impaired HDL cholesterol efflux capacity in people with type 1 
diabetes and non-alcoholic fatty liver disease (prospective InLipo-
Diab1 Study)
A. Grzelka-Wozniak1, A.  Uruska1, A.  Rohatgi2, S.  Saldanha2, 
J.  Flotynska1, A.  Cieluch1, A.  Kaczmarek1, A.  Pypec1, D. 
Zozulinska-Ziolkiewicz1;
1Department of Internal Medicine and Diabetology, Poznan Univer-
sity of Medical Sciences, Poznan, Poland, 2UT Southwestern Medical 
Center, Dallas, TX, USA.

Background and aims: Non-alcoholic fatty liver disease (NAFLD) 
is associated with a higher risk of atherosclerotic cardiovascular dis-
ease, also among people with type 1 diabetes (DM 1). The protec-
tive antiatherosclerotic effect is to be drawn to, among others, HDL 
particles (HDL-P) via cholesterol reuptake mechanism (cholesterol 
efflux capacity, CEC). People with DM 1 are characterized by high 
levels of serum HDL-cholesterol (HDL-C), but it is also known that 
their function of HDL-P is impaired. The aim of the study was to 
assess HDL-P CEC function in DM 1 patients during the first year of 
follow-up, in relation to the NAFLD prevalence.
Materials and methods: The analysis included 46 patients (34 men, 
74%) with newly diagnosed DM 1, recruited for the Insulin Therapy 
and Lipoproteins’ Profile in Type 1 Diabetes (InLipoDiab1) observa-
tional study. At onset, the mean age was 27±5 years. CEC was studied 
in collaboration with UT Southwestern Medical Center, Dallas, TX, 
USA by measuring the efflux of labeled cholesterol from J774 murine 
macrophages into the acceptor HDL-P in patients’ serum. The measure-
ments were performed at two timepoints: before the first administration 
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of exogenous insulin and after 12 months. In addition, the prevalence 
of NAFLD was assessed during the follow-up of patients at 12-month 
timepoint or later by liver elastography using the Fibroscan device. 
NAFLD was diagnosed based on the value of the controlled attenuation 
parameter (CAP) ≥ 238 dB/m.
Results: Significantly lower values of CEC measured at the DM 
1 onset and after 12 months were found in patients with NAFLD: 
0.063±0.012 vs. 0.077±0.0018 (p=0.02) and 0.061±0.009 vs. 
0.078±0.015 (p=0.001), respectively. Moreover, a negative correla-
tion between CEC assessed 12 months after the DM 1 onset and the 
CAP value was found (Rs= -0.59, p<0.001).
Conclusion: In people with DM 1 and prevalent NAFLD in the 
course of the disease, CEC function is impaired from the onset of 
diabetes.
Clinical Trial Registration Number: NCT02306005
Disclosure: A. Grzelka-Wozniak: None.

995
Adaptation of liver sinusoidal endothelial cell metabolism in 
diabetes-related fatty liver disease
B. Dewidar1, M.  Ouwens2, E.  Rohbeck1, M. Reina Do  Fundo1, H. 
Al-Hasani2, M.  Roden1;
1Institute for Clinical Diabetology, Düsseldorf, Germany, 2Institute 
for Clinical and Pathological Biochemistry, Düsseldorf, Germany.

Background and aims: The majority of people with obesity and type 
2 diabetes feature non-alcoholic fatty liver disease (NAFLD) with 
higher risk of progression to steatohepatitis (NASH) and cirrhosis. 
We demonstrated that hepatic mitochondrial respiration is upregu-
lated in simple steatosis, but specifically reduced in persons with type 
2 diabetes and progressive NASH. Liver sinusoidal endothelial cells 
(LSECs) play a pivotal role in the pathogenesis of NAFLD pathogen-
esis, but their cellular function remains elusive. We hypothesized that 
LSECs show similar alterations in mitochondrial respiration and gly-
colysis as hepatocytes in model of diabetes and progressive NASH.
Materials and methods: Two-day old male C57BL/6j mice 
received 200 μg streptozotocin and were fed, from weeks 4 (W4) to 
W8 or W16, with a high-fat diet (HFD) to induce early or advanced 
NASH along with diabetes. Control mice (CTRL) received citrate 
as vehicle and standard chow diet. At the indicated time points, 
liver was digested with collagenase type II and LSECs were iso-
lated from the digested liver with CD146 microbeads using Mag-
netic Activated Cell Sorting. Furthermore, the SK-Hep1 cell line 
was used as model for human LSECs. Glycolysis and mitochondrial 
respiration were assessed using extracellular flux analysis.
Results: At W8, mitochondrial O2 fluxes, i. e. basal, ATP-coupled 
and uncoupled respiration were increased by 72-77% in LSECs 
from NASH compared to cells isolated from age-matched CTRL 
(all p <0.001). Glycolysis, i. e. basal proton-efflux rate, glyco-
lytic ATP production and basal glycolysis were also increased by 
51-56% at W8 (all p<0.001 vs CTRL). The observed changes in 
glycolytic and mitochondrial respiratory were lost or even reduced 
at W16. SK-Hep1 cells cultured in hyperglycemic medium showed 
similar increases in the features of glycolysis and mitochondrial 
respiration after treatment with different concentrations of palmitic 
acid (25-200 μM bound to bovine serum albumin, BSA), when 
compared to control cells cultured under normoglycemic conditions 
and treated with equivalent amount of BSA. Of note, these changes 
were lost at higher (800 μM) palmitate concentrations.

Conclusion: LSECs adapt to diabetes-related NAFLD by upregu-
lating glycolytic and mitochondrial respiration, which is lost at an 
advanced diseases stage. These findings suggest that hyperglycemia 
and hyperlipidemia affect hepatic endothelial function, which could 
in turn contribute to the metabolic derangement of diabetes-related 
NASH.
Supported by: Grant of the Federal Ministry for Research (BMBF) to 
the German Center for Diabetes Research
Disclosure: B. Dewidar: Grants; grant of the Federal Ministry for 
Research (BMBF).

996
The deubiquitinase UCHL1 is downregulated in the liver of men 
with type 2 diabetes and regulates mitochondrial metabolism
B. Stocks1, I.  Bradic1, E. Näslund2, J.R.  Zierath1, A.S.  Deshmukh1;
1Center for Basic Metabolic Research, University of Copenhagen, 
Copenhagen N, Denmark, 2Department of Clinical Sciences, Karo-
linska Institutet, Stockholm, Sweden.

Background and aims: Dysregulated liver metabolism, in particular 
insulin resistance, is a predominant factor in the pathogenesis of type 
2 diabetes. Protein degradation via the ubiquitin-proteasome system 
has been implicated in the development of type 2 diabetes. Through 
a diversity of signals, ubiquitination regulates a range of cellular pro-
cesses such as protein degradation, enzyme activation and sub-cellular 
localisation. Nonetheless, a global understanding of ubiquitin-protea-
some system dysfunction in obesity and type 2 diabetes has yet to be 
established. We aimed to characterise the regulation of the ubiquitin-
proteasome system in the liver of severely obese men with and without 
type 2 diabetes.
Materials and methods: Liver samples from 9 non-obese men, 8 severely 
obese men (Ob) and 10 severely obese men with type 2 diabetes (Ob-T2D) 
were collected during cholecystectomy (non-obese) or Roux-en-Y gas-
tric bypass surgery (Ob and Ob-T2D). Samples were lysed in 4% SDS 
and digested using Lys-C and trypsin. Peptides were enriched for ubiqui-
tin- and ubiquitin-like modifications using the CST PTMScan Ubiquitin 
Remnant Motif Kit. Modified and unmodified peptides were measured 
via mass-spectrometry. The effect of candidate proteins on mitochondrial 
metabolism was investigated in vitro via siRNA-mediated knockdown 
in Huh7 hepatocytes and analysis using the Seahorse Mito Stress test.
Results: We identified the regulation of 4319 proteins in the livers of 
9 non-obese, 8 severely obese non-diabetic men (Ob) and 10 severely 
obese men with type 2 diabetes (Ob-T2D), collected during cholecys-
tectomy (non-obese) or Roux-en-Y gastric bypass surgery (Ob and Ob-
T2D). We found 162 proteins that were differentially regulated in Ob 
and/or Ob-T2D compared to non-obese men, including 11 ubiquitin-
proteasome system proteins. The deubiquitinase ubiquitin c-terminal 
hydrolase L1 (UCHL1) was downregulated in the liver of individuals 
with type 2 diabetes, which was concomitant with an increase in protein 
ubiquitination. Knockdown of UCHL1 decreased mitochondrial oxygen 
consumption rate in Huh7 hepatocytes, this mirrors a downregulation 
of the mitochondrial proteome in Ob-T2D.
Conclusion: These data identify ubiquitin-proteasome system dys-
function in the liver of severely obese men with and without type 2 
diabetes. Reduced abundance of UCHL1 in obese men with type 2 
diabetes may regulate mitochondrial metabolism via the stabilisation 
of the mitochondrial proteome.
Supported by: EFSD Rising Star Fellowship
Disclosure: B. Stocks: None.
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A composite blood biomarker including AKR1B10 and cytokera-
tin 18 performs well in the diagnosis of NASH, advanced hepatic 
fibrosis, and high-risk NASH
D. Lee1,2, B.-C.  Oh3, S.  Kim1;
1Gachon University Gil Medical Center, Incheon, Republic of Korea, 
2Department of Internal Medicine, Gachon University College of 
Medicine, Incheon, Republic of Korea, 3Gachon University College 
of Medicine, Incheon, Republic of Korea.

Background and aims: To increase the diagnostic accuracy and 
clinical applicability in the assessment of nonalcoholic steatohepati-
tis (NASH) and fibrosis, respectively, blood and imaging biomarkers 
with a relatively good performance could be combined with clinical 
parameters to develop composite biomarkers. We aimed to evaluate 
whether composite blood biomarkers including aldo-keto reductase 
family 1 member B10 (AKR1B 10) and cytokeratin 18 fragment (CK-
18, a caspase-cleaved apoptosis marker) have clinically applicable 
performance for the diagnosis of NASH, advanced liver fibrosis, and 
high-risk NASH (NASH + significant fibrosis).
Materials and methods: A pooled cohort including 24 healthy con-
trol subjects and 92 patients with biopsy-proven nonalcoholic fatty 
liver disease (NAFLD) were analyzed to assess composite blood-
based and imaging-based biomarkers, which included the markers 
below either singly or in combination: AKR1B10, CK-18, AST, ALT, 
enhanced liver fibrosis score, FIB-4, proton density fat fraction (MRI-
PDFF), MR elastography-liver stiffness measurement (MRE-LSM), 
and the known MRI-AST (MAST) and FibroScan-AST (FAST) scores.
Results: A composite blood biomarker comprised of AKR1B10, 
CK-18, AST, and ALT showed excellent performance for the diag-
nosis of, NASH, advanced fibrosis, and high-risk NASH, with area 
under the receiver operating characteristic curve (AUROC) curve val-
ues (95% confidence intervals) of 0.934 (0.888-0.981), 0.902 (0.832-
0.971), and 0.918 (0.862-0.974), respectively. The performance of 
this blood composite biomarker was slightly inferior, but close, to 
that of various MR-based composite biomarkers, such as MRI-PDFF/
MRE-LSM/ALT/AST for NASH, MRE-LSM +FIB-4 for advanced 
fibrosis, and the MAST score for high-risk NASH. The AUROC 
curve values of MR-based composite biomarkers incorporating serum 
transaminase(s) or FIB-4 were in the range of 0.940 to 0.985.
Conclusion: Our blood composite biomarker showed excellent per-
formance in the diagnosis of progressive forms of NAFLD, suggest-
ing that this blood composite biomarker can be useful to distinguish 
progressive forms of NAFLD as an initial noninvasive test when MR-
based tools are not available.
Supported by: KHIDI HI14C1135
Disclosure: D. Lee: None.

998
miRNA-149-5p and miRNA-21-5p contribute to NAFLD progres-
sion by regulating hepatic glucose uptake
J. Britsemmer1, C.  Krause1, S.  Schriever2, H.  Kirchner1;
1Institute of human genetics, Luebeck, Germany, 2Institute of diabetes 
and obesity - Helmholtz Centre Munich, Munich, Germany.

Background and aims: Non-alcoholic fatty liver disease (NAFLD) is 
the most common chronic liver disease and progresses when untreated 
into severe stages, such as non-alcohlic steatohepatitis (NASH) and 
hepatocellular carcinoma. Currently, there are no approved treat-
ments for NAFLD because the involved molecular processes remain 
largely unknown. NAFLD progression is promoted by a change in 

transcriptome, which may be regulated by a certain subset of micro-
RNAs (miRNAs). We hypothesize that few miRNAs drive NAFLD 
progression, and that expression of these miRNAs can be reversed by 
surgical (vertical-sleeve gastrectomy (VSG)), medical (exendin-4 and 
metformin) or dietary (diet switch and caloric restriction) interventions.
Materials and methods: Hepatic miRNAs were selected from multi-
omics data, including miRNA microArray, proteomics and GeneArray 
of diet-induced obese (DIO) mice and intervention cohorts including 
high fat diet (HFD) to chow switch, exendin-4, metformin and VSG. 
The data were integrated in a self-designed software-tool that returns 
predicted micro-RNA/mRNA networks. microRNA/mRNA interac-
tions were validated by overexpressing miRNA in HepG2 cells and 
performing functional glucose uptake assays. Subsequently, hepatic 
miRNA and target gene expression was correlated with clinical param-
eters (basal blood glucose, serum triglycerides, liver fibrosis, NASH-
score, HbA1c) from a human liver cohort of obese subjects (n = 101).
Results: The network analysis predicted two micro-RNAs to regulate 
genes associated to fatty liver. mmu-miR-21-5p targeting upregu-
lated genes in mouse models for NAFLD (Coasy, Gk and Inhbe) and 
mmu-miR-149-5p targeting downregulated genes (Appl2, Ddx3x and 
Smim13). In the longitudinal DIO mouse model (n = 159 with HFD 
= 79 and standard chow = 80), mmu-miR-21-5p expression signifi-
cantly decreased in HFD mice to 0.67 (± 0.05, n = 8, p < 0.05) fold 
compared to control chow group (n = 8) after 12 weeks, whereas the 
expression of the predicted targets Gk and Inhbe increased to 1.39 
(± 0.04, p < 0.05) and 3.14 (± 0.18, n = 8, p < 0.0001) fold in HFD 
mice. mmu-miR-21-5p negatively correlated with Inhbe (r = -0.3504, 
p < 0.0001) and Gk (r = -0.2024, p < 0.05) gene expression. mmu-
miR-149-5p expression significantly increased after 12 weeks in HFD 
mice to 3.81 (± 0.35, n = 8, p < 0.0001) compared to chow. Expres-
sion ofthe predicted target genes Appl2 and Smim13 was significantly 
decreased to 0.78 (± 0.03, p < 0.05) and 0.49 (± 0.08, p < 0.001) 
fold. Appl2 (r = -0.7458, p < 0.0001) and Smim13 (r = -0.6612, p 
< 0.0001) correlated negatively with mmu-miR-149-5p expression. 
Mmu-miR-21-5p and Inhbe gene expression were both reverted by 
VSG, exendin-4 and diet switch. Mmu-miR-149-5p and Smim13 were 
reverted by VSG, caloric restriction and diet-switch. Overexpression 
of miR-149-5p in HepG2 cells reduced insulin-stimulated glucose 
uptake by 22%, whereas miR-21-5p overexpression increased insulin-
stimulated glucose uptake by 42%. Additionally, hepatic miR-21-5p 
expression correlated positively with blood glucose (r = 0.26, p < 
0.05), liver fibrosis (r = 0.31, p < 0.05), HbA1c (r = 0.27, p < 0.05) 
and triglyceride levels (r = 0.22, p < 0.05) in obese humans.
Conclusion: miR-21-5p and miR-149-5p are potential novel regula-
tors of NAFLD progression in humans and mice that alter hepatic 
glucose uptake. Targeted modulation of these microRNAs could lead 
to NAFLD therapies in the future.
Supported by: DZD
Disclosure: J. Britsemmer: Grants; DZD.

999
Microrna-34a-5p regulates thyroid hormone metabolism in non-
alcoholic fatty liver disease
A.-M. Naujack1, J.  Mittag2, H.  Kirchner1;
1Institute for Human Genetics, Universität zu Lübeck, Lübeck, Ger-
many, 2Institute for Endocrinology and Diabetes, Universität zu 
Lübeck, Lübeck, Germany.

Background and aims: Non-alcoholic fatty liver disease (NAFLD) 
affects a quarter of the global population but to date no efficient therapy 
is available. The more severe stage of NAFLD, non-alcoholic steato-
hepatitis (NASH), is defined by inflammation in addition to accumula-
tion of fatty acids in the liver and has been associated with impaired 
thyroid hormone (TH) signalling. MicroRNA-34a-5p is increased in 
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NASH and was proposed as a non-invasive marker. We hypothesise that 
miR-34a-5p regulates the hepatic thyroid hormone (TH) metabolism 
which is dysregulated in NASH.
Materials and methods: Expression of miRNA-34a-5p and genes 
involved in TH metabolism (THRA, THRB, DIO1, SLC10A1 and 
SLC16A2) were analysed by qPCR in livers of obese individuals 
with NASH (n=29) and non-NASH (n=37). Additionally, miRNA-
34a-5p and target genes were measured in HepG2 cells 48 h after 
transfection with 10 nM miR-34a-5p mimic (n=3) and miR-34a-5p 
inhibitor (n=3). To verify binding of the miR-34a-5p seed sequence 
to the target gene mRNAs luciferase reporter assays were conducted 
in HEK293T cells.
Results: MiRNA-34a-5p was significantly increased by a fold 
change of 1.8 in livers of obese human NASH patients (p < 0.0001) 
and correlated independent of confounding factors with SLC10A1 
(p=0.044, r=-0.2656) and SLC16A2 (p=0.003, r=-0.4263), as well 
as blood glucose (p=0.005, r=0.5408), AST (p=0.047, r=0.437) and 
the NAFLD activity score (p=0.006, r=0.4838). Overexpression of 
miR-34a-5p in HepG2 cells reduced expression of THRA (p=0.0216) 
to a fold change of 0.65, THRB (p=0.0004) to 0.45, DIO1(p=0.0005) 
to 0.19 and SLC10A1(p=0.001) to 0.44. Treatment with miR-34a-5p 
inhibitor significantly down regulated miR-34a-5p expression to a 
fold change of 0.27 (p<0.0001) and lead to a slight 1.07 fold increase 
of THRB (p=0.0023). Luciferase reporter assays validated that miR-
34a-5p binds to THRB (p=0.0112) and DIO1 (p=0.0031).
Conclusion: MiR-34a-5p is upregulated in livers of patients with 
NASH and overexpression in cell culture reduces expression of TH 
metabolism related genes. We show that miR-34a-5p might be a criti-
cal repressor of hepatic TH metabolism thereby contributing to the 
development of fatty liver diseases.
Supported by: German Research Association (DFG) CRC-TR296
Disclosure: A. Naujack: Grants; German Research Association 
(DFG) CRC-TR296.

1000
12,13-diHOME ameliorates non-alcoholic fatty liver disease by 
regulating sestrin2-mediated ampk/ulk1/lipophagy pathway in 
obese mice
K. Zhang, C. Kan, J. Zhang, F. Han, N. Hou, X. Sun;
Department of Endocrinology and Metabolism, Affiliated Hospital 
of Weifang Medical University, Weifang, China.

Background and aims: Obesity is a pressing global health concern 
associated with various metabolic diseases, including non-alcoholic fatty 
liver disease (NAFLD), which results from decreased lipophagy and 
excessive lipid accumulation in the liver. Sestrin2 is a stress protein that 
activates AMPK/ULK1 to promote lipophagy. Recently, a lipid molecule 
secreted by brown adipose tissue, 12,13-dihydroxy-9Z-octadecenoic acid 
(12,13-diHOME), has emerged as a promising therapeutic target for met-
abolic diseases. However, its role in protecting against NAFLD and the 
underlying molecular mechanisms have not been explored. Therefore, 
this study aimed to investigate whether 12,13-diHOME protects against 
NAFLD by activating lipophagy through upregulating the Sestrin2-medi-
ated AMPK/ULK1 pathway in high-fat diet (HFD) induced obese mice.
Materials and methods: Both male C57BL/6J mice (wild-type and 
Sestrin2 knockout) were randomly assigned to control, HFD, and 
12,13-diHOME groups. The control group received a regular diet, 
while the other groups were fed with HFD. After 16 weeks of HFD, 
the 12,13-diHOME group received 12,13-diHOME (10 μg/kg/day, 
ip) for additional two weeks. We measured body weight, body fat, 
and blood biochemical parameters and assessed liver injury using 
histopathology, Oil Red O staining, and Masson’s trichrome staining. 
The Sestrin2-AMPK/ULK1 pathway and related proteins, as well as 
the lipophagy pathway, were evaluated by Western blot.

Results: Wild-type mice fed an HFD exhibited significant increases 
in body weight and fat mass, as well as impaired glucose tolerance 
and insulin sensitivity. However, treatment with 12,13-diHOME did 
not lead to significant differences in body weight, body fat, or blood 
glucose levels compared to the HFD group (body weight, 45.72 ± 
1.541 g vs. 44.72 ± 1.66 g; fat mass, 13.90 ± 0.99 g vs. 12.60 ± 0.72 
g; fat/weight, 30.19 ±1.27% vs. 28.49 ±0.79%, P>0.05). Nonetheless, 
12,13-diHOME administration led to significant reductions in blood 
and liver triglyceride levels (blood triglyceride, 31.01 ± 1.43 mg/dl vs. 
42.76 ± 1.86 mg/dl; liver triglyceride,12.62 ± 1.11 mg/dl vs. 36.94 ± 
7.37 mg/dl, P<0.05), as well as improvements in insulin sensitivity and 
liver function. The HFD mice showed liver damage with intracytoplas-
mic vacuolar-like degeneration, increased lipid droplets, lipid accumu-
lation, and liver fibrosis. Treatment with 12,13-diHOME significantly 
improved liver injury, lipid accumulation, and fibrosis. Furthermore, 
12,13-diHOME treatment increased Sestrin2 levels, promoting AMPK 
and ULK1 phosphorylation while inhibiting mTOR phosphorylation. 
Additionally, the intervention with 12,13-diHOME increased lipophagy 
markers Atg7 and LC3II and decreased p62. Interestingly, Sestrin2 
knockout mice with HFD exhibited increased body weight, fat, hepatic 
lipid deposition, and liver damage. Treatment with 12,13-diHOME 
did not improve metabolic disorders or liver injury in HFD-induced 
Sestrin2 knockout mice, indicating that Sestrin2 plays an essential role 
in the protective effects of 12,13-diHOME against NAFLD.
Conclusion: Our study demonstrates that 12,13-diHOME effectively 
alleviates NAFLD by activating lipophagy via regulating the Ses-
trin2-mediated AMPK/ULK1 signaling pathway from HFD-induced 
obese mice. These findings provide a novel therapeutic strategy and 
target for preventing and treating NAFLD associated with obesity.
Supported by: NSFC (82170865)
Disclosure: K. Zhang: None.

1001
Mechanism of ZBED3 regulating hepatocyte apoptosis in NASH 
through Bim
Y. Wu1, X.  Luo2;
1Chongqing University, Chongqing, China, 2Chongqing University 
Three Gorges Hospital, Chongqing, China.

Background and aims: The escalating prevalence of nonalcoholic 
fatty liver disease (NAFLD) has emerged as a crucial public health 
issue on a global scale. The acceleration of hepatocyte apoptosis 
during the NAFLD process expedites the progression from simple 
fatty liver to nonalcoholic steatohepatitis (NASH). The inciters of 
apoptosis in hepatocytes comprise an important pathway that includes 
increased mitochondrial membrane permeability, cytochrome c 
release, and caspase enzyme activation. Bim (BCL-like 11), a mem-
ber of the Bcl2 family, stimulates the mitochondrial apoptotic path-
way in diverse physiological and pathophysiological settings. Reports 
in the literature suggest a robust correlation between T2DM, IR, MetS 
and ZBED3 (Zinc finger BED-type containing 3). Given that NAFLD 
serves as the hepatic manifestation of MetS, and since T2DM and IR 
demonstrate a strong correlation with NAFLD, it follows that ZBED3 
may also be closely associated with NAFLD development. Triglyc-
eride accumulation, as the core cause of NAFLD development, was 
found in a previous study to regulate hepatic triglyceride metabolism, 
demonstrating a role for ZBED3 in NAFLD. Additionally, a previous 
study observed an increase in hepatocyte apoptosis. Therefore, the 
present study focused on the effect of ZBED3 on hepatocyte apoptosis 
in NASH progression to clarify whether ZBED3 affects hepatocyte 
apoptosis through regulation of Bim, thereby influencing NASH pro-
gression, and to elucidate the possible regulatory mechanisms.
Materials and methods: Human hepatocellular carcinoma cells were 
subjected to NASH induction through treatment with PA, followed 
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by transfection with plasmids for up/down regulation of ZBED3. 
Wild-type C57BL/6J mice were fed an MCD diet to induce NASH. 
Hepatic ZBED3 was manipulated by tail vein injection of adeno-
associated virus for overexpression, while the Cre-loxP system was 
used for specific knockdown. Hepatocyte apoptosis was quantified via 
multiple methods, including flow cytometry, TUNEL staining, and 
caspase-3 activity assay. RNA-seq, WB, qPCR, CHIP, and dual lucif-
erase reporter gene assay were employed to investigate the regulatory 
mechanisms behind the effect of ZBED3 on hepatocyte apoptosis in 
the context of NASH.
Results: ZBED3 was found to be upregulated across various non-
alcoholic steatohepatitis (NASH) models. Modulations in the expres-
sion of ZBED3 resulted in a significant increase or decrease in hepat-
ocyte apoptosis in these NASH models. Analysis of RNA-seq data 
revealed that Bim was impacted in NASH models with differential 
expression of ZBED3. Experiments involving primary hepatocytes 
in Bim knockout mice confirmed that ZBED3 regulates apoptosis 
of hepatocytes through Bim. The expression of Bim, cytochrome-c, 
FoxO1, and AKT was evaluated in different NASH models, and the 
addition of a FoxO1 inhibitor affected hepatocyte apoptosis, thus 
demonstrating that ZBED3 can regulate Bim via the AKT-FoxO1 
pathway. The regulatory effect of ZBED3 on the Bim promoter was 
identified using chromatin immunoprecipitation, and plasmids con-
taining various regions of the Bim promoter were constructed and 
examined using a dual luciferase reporter gene assay, thereby con-
firming the positive regulatory role of ZBED3 on the Bim promoter.
Conclusion: The study revealed that ZBED3 can indirectly influence 
Bim by modulating the AKT-FoxO1 signaling pathway, and it can 
also directly regulate Bim promoter to promote hepatocyte apoptosis 
in NASH.
Supported by: the China Postdoctoral Science Foundation 
(2021M690178 to X.-H.L.), the National Natural Science Foundation 
of China (81900525 to X.-H.L.).
Disclosure: Y. Wu: None.

1002
Chemerin as a potential biomarker for sex-specific metabolic dys-
regulation in subjects with NAFLD and diabetes
M.P. Macedo1, M.J.  Meneses2,3, R.S.  Patarrao2, H.  Shanmungam4, 
P.  Portincasa4, A.  Gastaldelli5, J.  Raposo2;
1NOVA4Health, NOVA Medical School, Faculdade de Ciências 
Médicas, NMS, Universidade NOVA de Lisboa, Lisboa, Portugal, 
2iNOVA4Health, NOVA Medical School, Faculdade de Ciências 
Médicas, NMS, Universidade NOVA de Lisboa, Lisboa, Portugal, 
3Decsis II Iberia, Lda, Evora, Portugal, 4Clinica Medica “A. Murri”- 
Department of Biomedical Sciences and Human Oncology, Depart-
ment of Biomedical Sciences and Human Oncology, Bari, Italy, 
5National Research Council (CNR), Institute of Clinical Physiology 
(IFC), Pisa, Italy.

Background and aims: Chemerin is a recently discovered adipokine 
that has been linked to the development of obesity, insulin resist-
ance, and inflammation. Studies in animal models have shown that 
chemerin is also involved in the pathogenesis of NAFLD. However, 
there is no consensus of chemerin’s impact on metabolic disorders 
and, importantly, there is no data regarding sex-related differences 
on chemerin levels. This study aims to investigate the association 
between chemerin and NAFLD in humans and explore the association 
between chemerin and detrimental lipid species that have been shown 
to be associated with NAFLD and overall dysmetabolism.

Materials and methods: From the PREVADIAB2 cohort, representing 
a South-European population, 117 females and 104 males were evaluated 
(n=221) of which 44% had normoglycemia (NGT), 45% had prediabetes 
and 11% had type 2 diabetes (T2D). Anthropometric data and biochemical 
parameters such as lipid profile were analyzed. Fatty liver index (FLI) was 
calculated for the prediction of NAFLD. Plasma levels of chemerin were 
assessed by ELISA and serum lipidome was assessed by LC/MS-QTOF.
Results: Chemerin circulating levels are increased in individuals with 
NAFLD (FLI≥60; n=141) compared to individuals with no NAFLD 
(FLI<30; n=80; p<0.0001). Interestingly, there are no sex-differ-
ences in chemerin levels in FLI<30, but there is a clear increase in 
chemerin in women with NAFLD compared with men with NAFLD 
(p<0.01). Furthermore, our analysis of the lipidome revealed sex dif-
ferences in insulin-resistance related lipid species among individuals 
with NAFLD (FLI≥60), including Cer 18:0/16:0 (p<0.0001), Cer 
18:0/18:0 (p<0.0001), and Cer 18:1/18:0 (p<0.0001). We also found 
that this sex-specific difference in chemerin levels is not limited to 
NAFLD but is also present in individuals with diabetes. Specifically, 
we observed no difference in chemerin levels between men with nor-
moglycemia and men with diabetes. However, women with diabetes 
had significantly higher chemerin levels compared to women with 
prediabetes (p<0.05) and normoglycemia (p<0.001).
Conclusion: Our findings illustrate sex differences in the association 
between chemerin levels and metabolic dysfunction, highlighting the 
importance of incorporating sex as a critical variable in the assess-
ment of chemerin as a potential biomarker for dysmetabolism. Further 
research is needed to elucidate the mechanisms underlying these sex 
differences and to evaluate the diagnostic and therapeutic implications 
of chemerin measurement in the management of NAFLD and diabetes.
Supported by: FCT UIDB/Multi/04462/2020; Portugal2020, ALT20-
03-0247-FEDER-113469 and LISBOA-01-0247-FEDER-113469
Disclosure: M.P. Macedo: None.
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1003
Similar weight loss with semaglutide regardless of diabetes and 
cardiometabolic parameters in individuals with non-alcoholic 
fatty liver disease (NAFLD)
M. Roden1,2, T.  Okanoue3, M. Sundby  Palle4, A.-S.  Sejling4, M. 
 Tawfik4, M.J.  Armstrong5,6;
1Division of Endocriniology and Diabetology, Medical Faculty, Hein-
rich-Heine University and University Hospital, Dusseldorf, Germany, 
2Institute of Clinical Diabetology, German Diabetes Center, Leib-
niz Center for Diabetes Research, Düsseldorf, Germany, 3Depart-
ment of Gastroenterology and Hepatology, Saiseikai Suita Hospital, 
Osaka, Japan, 4Novo Nordisk A/S, Søborg, Denmark, 5Liver Unit, 
Queen Elizabeth University Hospital Birmingham, Birmingham, UK, 
6National Institute for Health Research, Birmingham Biomedical 
Research Centre at University Hospitals Birmingham NHS Founda-
tion Trust, Birmingham, UK.

Background and aims: Lifestyle modification and weight loss are 
recommended for people with obesity and NAFLD, including non-
alcoholic steatohepatitis (NASH). Semaglutide, a glucagon-like peptide 
(GLP)-1 analogue indicated for weight management and type 2 diabe-
tes (T2D), is under investigation for NASH. As T2D may reduce GLP-1 
analogue-mediated weight loss, we evaluated the impact of T2D and 
cardiometabolic parameters on weight loss in randomised controlled 
trials of subcutaneous semaglutide in NAFLD including NASH.
Materials and methods: Data were taken from adults in three 
different registered clinical trials (NAFLD; semaglutide 0.4 mg 
or placebo once daily [OD] for 72 weeks), (NASH and fibrosis 
stage [F] 1-3; semaglutide 0.1, 0.2 or 0.4 mg or placebo OD for 72 
weeks) and (NASH, F4 and compensated liver cirrhosis; semaglu-
tide 2.4 mg or placebo once weekly [OW] for 48 weeks). This post-
hoc analysis pooled data for semaglutide (0.4 mg OD and 2.4 mg 
OW) and placebo, with weight changes grouped by baseline T2D 
status (previously diagnosed or HbA1c ≥ 6.5%, pre-T2D [HbA1c 
≥ 5.7 - < 6.5%] or no T2D [HbA1c < 5.7%]). Estimated treat-
ment differences (ETDs) and 95% confidence intervals for sema-
glutide vs placebo were derived from mean on-treatment changes 
(baseline to 1 year). Impact of cardiometabolic factors (including 
baseline fasting lipids and glucose, diabetes duration and Homeo-
static Model Assessment for Insulin Resistance [HOMA-IR]) were 
assessed.
Results: Of 300 participants included, 70% had T2D, 17%, pre-T2D 
and 13% non-T2D. ETDs ranged from - 9.8 kg in the pre-T2D group 
to - 11.6 kg in the non-T2D group. No significant difference in weight 
change was seen between groups (Table). Neither diabetes duration, 
baseline HOMA-IR nor glucose and lipid levels influenced weight 
change.
Conclusion: Similar weight loss was observed in adults with NAFLD 
treated with semaglutide regardless of T2D status, which contradicts 
results from clinical studies in obesity and T2D. Further studies are 
needed to understand the impact of hepatic steatosis on GLP-1 ana-
logue-mediated weight loss.

Supported by: Novo Nordisk funded this study
Disclosure: M. Roden: Lecture/other fees; Novo Nordisk.
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The effect of 6-month treatment with coenzyme Q10 on endothe-
lial, vascular and myocardial function in patients with non-alco-
holic fatty liver disease
E. Vrentzos1, G.  Pavlidis2, K.  Katogiannis2, E.  Korakas3, A. 
 Kountouri3, L.  Pliouta3, E.  Michalopoulou2, G.  Kostelli2, E. 
 Pelekanou1, L.  Lanaras4, M.  Bristianou4, D.  Boumpas1, I. 
 Ikonomidis2, V.  Lambadiari3;
14thDepartment of Internal Medicine, Attikon University Hospital, Med-
ical School, National and Kapodistrian University of Athens, Athens, 
Greece, 22nd Department of Cardiology, Attikon University Hospital, 
Medical School, National and Kapodistrian University of Athens, Ath-
ens, Greece, 32nd Department of Internal Medicine, Research Unit and 
Diabetes Center, Attikon University Hospital, Medical School, National 
and Kapodistrian University of Athens, Athens, Greece, 4Department of 
Internal Medicine, General Hospital of Lamia, Athens, Greece.

Background and aims: Non-alcoholic fatty liver disease (NAFLD) 
is associated with increased cardiovascular risk. The aim of this study 
is to investigate the effects of coenzyme Q10 (CoQ10) on endothelial, 
vascular and myocardial function in patients with NAFLD.
Materials and methods: Fifty-two patients with NAFLD (mean age: 
52±10 years) were randomized to receive 240mg of CoQ10 (n=25) 
or placebo (n=27). At baseline and at 6 months, wemeasured: a) 
Perfused boundary region (PBR) of the sublingual vessels using the 
SideviewDarkfieldimaging technique (Microscan, Glycocheck), b) 
pulse wave velocity (PWV-Complior, ALAM), c) flow-mediated dilation 
(FMD) of the brachial artery, d) left ventricular (LV) global longitudinal 
strain (GLS), and e) controlled attenuation parameter (CAP) for the quan-
tification of liver steatosis by liver elastography (Fibroscan, Echosens).
Results: There were no statistically significant differences in baseline 
characteristics between the two groups. Six months after initiation of 
treatment, patients receiving CoQ10 showed reduced PBR (2.12±0.19 
vs. 2.28±0.23μm), PWV (9.5±2.3 vs. 10.5±2.4m/s), CAP (278.1±50.2 
vs. 305.3±44.5dB/m) and increased FMD (6.61±4 vs. 5.02±2.6%) and 
GLS (-19.3±1.9 versus -18.2±2%) compared to baseline (p<0.05). 
Patients who received placebo did not show significant differences 
in the above markers after 6 months (p>0.05). In patients receiving 
CoQ10, the percent reduction in CAP was direct correlated with the 
percent reduction in PWV (r=0.31, p=0.045) and inversely correlated 
with the percent increase in FMD (r=-0.58, p=0.014).
Conclusion: Six-month treatment with CoQ10 reduces liver steato-
sis, which is associated with improved endothelial, vascular and LV 
myocardial function in patients with NAFLD.
Disclosure: E. Vrentzos: None.
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1005
Beneficial effects of a curcumin derivative and transforming 
growth factor-beta receptor I inhibitor combination on non-
alcoholic steatohepatitis
C.H. Chung1,2, E.S.  Lee1, S.H.  Jo1, K.B.  Ha3;
1Department of Internal Medicine, Wonju College of Medicine, Wonju, 
Republic of Korea, 2Research Institute of Metabolism and Inflamma-
tion, Wonju-Si, Republic of Korea, 3Chronic Disease Convergence 
Research, Korea National Institute of Health, Korea Disease Control 
and Prevention Agency, Chungcheongbuk-do, Republic of Korea.

Background and aims: Cur5-8, a derivative of curcumin, improves 
fatty liver disease via AMP-activated protein kinase activation and 
autophagy regulation. EW-7197 (vactosertib) is a small molecule inhibi-
tor of transforming growth factor (TGF-β) receptor I and may scavenge 
reactive oxygen species and ameliorate fibrosis through the SMAD2/3 
canonical pathway. This study aimed to determine whether co-adminis-
tering these two drugs having different mechanisms is beneficial.
Materials and methods: Hepatocellular fibrosis was induced in 
mouse hepatocytes (AML12) and human hepatic stellate cells (LX-
2) using TGF-β (2 ng/mL). The cells were then treated with Cur5-8 
(1 μM), EW-7197 (0.5 μM), or both. In animal experiments were also 
conducted during which, methionine-choline deficient diet, Cur5-8 
(100 mg/kg), and EW-7197 (20 mg/kg) were administered orally to 
8-week-old C57BL/6J mice for six weeks.
Results: TGF-β-induced cell morphological changes were improved 
by EW-7197, and lipid accumulation was restored on the administra-
tion of EW-7197 in combination with Cur5-8. In a nonalcoholic ste-
aetohepatitis (NASH) - induced mouse model, six weeks of EW-7197 
and Cur5-8 co-administration alleviated liver fibrosis and improved 
the nonalcoholic fatty liver disease (NAFLD) activity score.
Conclusion: Co-administering Cur5-8 and EW-7197 to NASH-
induced mice and fibrotic hepatocytes reduced liver fibrosis and 
steatohepatitis while maintaining the advantages of both drugs. This 
is the first study to show the effect of the drug combination against 
NASH and NAFLD. Similar effects in other animal models will con-
firm its potential as a new therapeutic agent.
Supported by: NRF Korea
Disclosure: C.H. Chung: None.

1006
The antipsychotic agent pimozide alleviates non-alcoholic fatty 
liver disease in experimental obesity
C.T. Saed1,2, S.  Dakhili1,2, A.A.  Greenwell1,2, K.  Yang1,2, J.S.F. 
 Chan1,2, K.  Almahfoud1,2, F.  Eaton1,2, K.  Gopal1,2, J.R.  Ussher1,2;
1University of Alberta, Edmonton, AB, Canada, 2Alberta Diabetes 
Institute, Edmonton, AB, Canada.

Background and aims: Non-alcoholic fatty liver disease (NAFLD) is 
the most common liver disease worldwide, due to its strong associa-
tion with obesity, and it’s a major risk factor for type 2 diabetes (T2D). 
Furthermore, if NAFLD is left unattended and further progresses, 
it may also lead to the progression of non-alcoholic steatohepatitis 
(NASH) and/or hepatocellular carcinoma. Although the mechanism by 
which NAFLD contributes to T2D remains elusive, the progression of 
whole-body insulin resistance secondary to NAFLD may be involved. 
Of interest, we have recently demonstrated that an older generation 
antipsychotic agent that canonically inhibits dopamine 2 receptors 
(D2R), pimozide, can induce potent glucose-lowering in experimen-
tal obesity/T2D. These observations were attributed to non-canonical 
actions of pimozide to inhibit succinyl-CoA:3-ketoacid CoA transferase 
(SCOT) in skeletal muscle. However, our follow-up studies have also 
demonstrated that pimozide decreases hepatic steatosis in obese mice, 

despite liver not expressing SCOT. As such, our aim was to determine 
whether pimozide can indeed mitigate obesity/T2D-related NAFLD, 
and to elucidate the mechanism of action.
Materials and methods: We subjected 12-week-old male C57BL/6J 
mice to experimental obesity via supplementation with a high-fat/high-
sucrose diet for 12-weeks. At 8-weeks into the protocol, all mice were 
randomized to receive treatment with either vehicle control or pimozide 
(10 mg/kg) once every other day via oral gavage until study completion. 
At 2-weeks post pimozide treatment, we assessed glucose homeostasis 
via glucose tolerance test. Hepatic triacylglycerol (TAG) content was 
assessed in frozen liver extracts via the Bligh and Dyer method. To assess 
the potential direct actions of pimozide on hepatocytes, we cultured Hep-
aRg cells in Williams’ Medium containing 10% FBS and 1% penicillin/
streptomycin. HepaRg cells were cultured with oleic acid (0.57 mg/mL) 
for 24-hrs, with cells randomized to treatment with either vehicle control 
(DMSO) or pimozide (12.5 μM) at the 12-hr time point.
Results: As expected, pimozide treatment improved glucose tolerance 
in obese mice with no impact on body composition. Furthermore, 
pimozide treatment of obese mice also mitigated NAFLD, as reflected 
by a marked reduction in hepatic TAG content compared to vehicle 
control-treated obese mice. Of interest, treatment of obese mice with 
a structurally unrelated antipsychotic D2R antagonist, lurasidone, 
also alleviated obesity-related NAFLD. To identify potential direct 
actions of pimozide that could contribute to these in vivo observa-
tions, HepaRg cells treated with pimozide exhibited marked increases 
in the expression of spliced X-box binding protein 1 (sXBP1), a key 
transcription factor regulating endoplasmic reticulum stress, lipid 
metabolism, and lipogenesis. Treatment with pimozide also upregu-
lated inositol-requiring enzyme 1 (IRE1) expression, which has also 
been implicated in regulating the progression of hepatic steatosis. 
Conversely, these observations were not present following treatment 
of HepaRG cells with lurasidone.
Conclusion: Our results indicate that pimozide has favorable actions 
on obesity-related NAFLD. Whether these actions are dependent on 
pimozide’s ability to inhibit the D2R, or via targeting the IRE1-XBP1 
pathway remains to be determined.
Supported by: CIHR
Disclosure: C.T. Saed: None.
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Effects of thermoneutral housing in a mouse model of non-alco-
holic fatty liver disease
C.M.P. Martin1, A.  Polizzi1, V. Alquier-Bacquie1, F.  Laserre1, M. 
 Huillet1, C.  Rives1, J. Bertrand-Michel2, Y.  Lippi1, S.  Lotersztajn3, 
L. Gamet-Payrastre1, H.  Guillou1, S. Ellero-Simatos1, A.  Fougerat1, 
N.  Loiseau1;
1Toxalim, UMR1331, INRAe, Toulouse, France, 2I2MC, 
UMR1297, INSERM, Toulouse, France, 3Centre de Recherche sur 
l’Inflammation, UMR1149, INSERM, Paris, France.

Background and aims: Non-Alcoholic Fatty Liver Disease (NAFLD) 
including steatosis and its more advanced stage Non-Alcoholic SteatoHepa-
titis (NASH) is positively correlated with obesity and type 2 diabetes. Since 
there is currently no pharmacological treatment approved for NAFLD, 
developing relevant preclinical models to study the inflammatory compo-
nent and the progression to the irreversible stages of the disease (NASH) is 
necessary. The early steps of NAFLD depend on excessive accumulation 
of fatty acids. The majority of lipids that accumulate in NAFLD originate 
from white adipose tissue (WAT) lipolysis. In this work, we evaluated the 
combined effect of thermoneutral housing and diet-induced obesity on obe-
sity, diabetes and NAFLD. We also investigated the consequences for the 
metabolic dialogue between the liver and adipose tissues.
Materials and methods: All experiments were carried out in accord-
ance with the European Guidelines for the Care and Use of Animals 
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for Research Purposes. C57Bl6/J male mice were housed at room 
temperature (RT=22°C, n=32) or at thermoneutrality (TN=30°C, 
n=32). In each group, half of the mice were fed a control diet (Chow, 
CD, n=16) or an obesogenic diet (Western Diet, WD, n=16) for 13 
weeks. Half of mice housed at TN were treated with a β3-adrenergic 
receptor agonist (CL316243) to induce white adipose tissue lipolysis. 
Glucose and lipid metabolism were studied using glucose tolerance 
test and plasma biochemistry. Liver phenotype was analyzed by quan-
tification of hepatic triglycerides and histology. Liver gene expression 
profiles was measured by microarray. Brown adipose tissue activation 
(BAT) was investigated by histology and gene expression profiling.
Results: WD-fed mice showed significantly higher obesity, fast-
ing blood glucose and HOMA-IR at TN than at RT. The number 
of hepatic genes significantly modulated upon WD was more than 
2-fold higher in TN-housed mice compared to RT-housed mice with 
an overexpression of genes involved in inflammation and fibrosis in 
TN- vs. RT-housed mice. Accordingly, TN-housing induced signif-
icantly higher hepatic triglyceride accumulation (steatosis), inflam-
mation and fibrosis upon WD compared to RT-housed mice. In 
addition, stimulation with β3-adrenergic receptor agonist revealed 
that some hepatic responses such as FGF21 and ketone bodies pro-
duction dependent on WAT lipolysis were intact. However, WD-fed 
mice showed significant changes in other hepatic gene expression, 
insulin level, altered BAT morphology and reduced expression of 
BAT activation markers upon β3-adrenergic stimulation.
Conclusion: Thermoneutral housing exacerbates the metabolic and 
hepatic disturbances induced by a WD. This pre-clinical model reca-
pitulates the different stages of the transition from steatosis to NASH 
in rodents and might be of medical interest for the study of new phar-
macological molecules. It is known that β3-adrenergic stimulation 
results in a systemic response which involves WAT lipolysis, insulin 
secretion, fatty acid-mediated changes in liver gene expression and 
BAT activation. Our data reveal that in obesity, diabetes and NAFLD 
this inter-organ dialogue is altered.
Supported by: ANR, Imagine, Limpid
Disclosure: C.M.P. Martin: None.
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