
Pr Patrice Darmon

!"#$%&''%

!"#$%$&#'()*$#*+$#,%'('+(-#*).+'(-'(+/0'(1(2(
3$*#'(456%+#57(5%(8*%44'()577'(#-9'(:(



Cas clinique

Madame H… 41 ans

Diabète de type 1 depuis l’âge de 18 ans

Mère : obésité, diabète de type 2

Obésité ancienne, IMC 37 kg/m², poids stable en dépit de ses efforts sur la diététique et l’activité physique

Hypertriglycéridémie autour de 3,50 g/l, HDL-c autour de 0,30 g/l

SAOS modéré, non appareillé

Rétinopathie diabétique débutante

HbA1c entre 8 et 9% depuis 1 an, sous pompe externe (environ 100 U d’insuline/j) et metformine
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En 2017, en Suède, parmi les patients DT1 : 
surpoids 55%, obésité 18% 
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intake or amount of exercise and weight change.24 
A retrospective observational cohort study of children 
and adolescents (aged 0–18 years) with type 1 diabetes 
found that weight gain was associated with age and 
time from diagnosis of type 1 diabetes, which could be 
directly associated with protracted and intensive insulin 
use.27

Although the mechanisms responsible for insulin-
associated weight gain are not yet fully understood, several 
hypotheses have been put forward. One explanation is 
that, as people achieve an improved state of glycaemic 
control, blood glucose concentrations fall below the renal 
threshold, thereby increasing the conservation of ingested 
calories. In people with type 1 diabetes, being switched to 
an intensive insulin regime resulted in significantly 
reduced HbA1c compared with conventional treatment 
(9·6 % [SD 0·6] vs 12·9% [0·9]; p<0·0100) and an 
almost complete elimination of glycosuria.23 Consistent 
with findings from other studies,21–24 participants also 
showed a mean bodyweight increase of 2·6 kg (SD 0·8), 
which the authors proposed was largely accounted for by 
the increased conservation of ingested calories and, in 
part, a decrease in daily energy expenditure.23 However, 
caution is warranted in the interpretation of these results, 
given that poor glycaemic control was recorded among 
participants at baseline.

An alternative (if not mutually exclusive) explanation 
for insulin-induced weight gain is that people with 
type 1 diabetes administer insulin peripherally, thereby 
by passing e!ects on the liver and potentially causing 
hyperinsulinaemia and fat accumulation in peripheral 
tissues.32–34 Development of increasingly liver-specific 
insulins should alleviate the imbalance between peri-
pheral and hepatic insulin, and has benefits in weight 
management.25 Some trials and real-world studies 
report on less weight gain with insulin detemir than 
with isophane insulin or insulin glargine.25,26 Because 
insulin detemir binds to albumin, extending the 
insulin’s half-life, it also creates a larger species that 
more easily crosses the fenestrated capillaries of the 
liver, which improves the skewed ratio of hepatic-
to-peripheral insulin distribution.26 However, some 
hepatic-specific insulins seem to induce liver steatosis, 
which has hampered their further clinical development. 
Although basal insulin polyethylene glycol lispro 
(peglispro) preferentially targeted the liver and was 
found to be more e!ective in reducing HbA1c concen-
trations than insulin glargine, development of basal 
insulin peglispro was suspended owing to concerns 
that it could induce liver steatosis.35 Research in hepatic-
preferential insulins is ongoing, and these insulins 
remain a promising approach for controlling type 1 
diabetes and for weight management.

Other pathways explaining insulin-induced weight 
gain have been proposed, including alterations to the 
growth hormone or IGF-1 system, which has a key role in 
maintaining body composition by balancing anabolism 

and catabolism.32,33 Controversy exists about the optimal 
route of administration of insulin replacement therapy. 
Although it has been proposed that continuous 
sub cutaneous insulin infusion can promote increased 
weight gain in people with type 1 diabetes, there are no 
high-quality, prospective, randomised, controlled trials 
(RCTs) on this. However, one retrospective study that 
compared continuous subcutaneous insulin infusion 
versus multiple daily insulin injections during a 10-year 
study period found no di!erence in weight gain between 
the two groups, although people in the continuous 
subcutaneous insulin infusion group showed more 
substantial improvements in glycaemic control and a 
reduction in daily insulin dose requirements by the end 
of the study.36 Furthermore, in the DCCT,24 the intensively 
treated group had weight gain irrespective of the method 
of insulin replacement therapy. 

Another obvious reason why insulin therapy targeting 
tight glycaemic control is associated with weight gain is the 
increased risk of hypoglycaemia. In DCCT,24 individuals 
treated with intensive insulin therapy not only had reduced 
HbA1c concentrations and weight gain, they were 3 times 
more likely to have a severe hypoglycaemic event than 
people on conventional therapy. Obvious reasons for 
weight gain in people with type 1 diabetes are defensive 
snacking to avoid hypoglycaemia when exercising, or 
compensatory carbohydrate intake when hypoglycaemia 
events occur. Although the risk of hypoglycaemia has been 
lowered by the availability of insulin analogues, it remains 
the most frequent acute complication in people with type 1 
diabetes.37 Hybrid, closed-loop, artificial pancreas systems 
might further reduce hypoglycaemia frequency by better 
matching insulin administration to the glycaemic con cen-
tration, but their use is currently low and no firm 
conclusions can be drawn on whether they will sub-
stantially reduce defensive snacking and weight gain.38 
Fear of hypoglycaemia during exercise can be an 
important factor contributing to weight gain in people 
with type 1 diabetes. Physical activity data obtained through 
accelerometers39 in newly diagnosed adults with type 1 

Figure ! : Drivers of overweight and obesity in people living with type 1 diabetes 
The drivers of weight gain in people with type 1 diabetes are numerous and complex. Although insulin 
replacement therapy is believed to be the biggest contributor to weight gain, various other influences are also 
believed to contribute, including genetic predisposition, age, duration of type 1 diabetes, and risk of 
hypoglycaemia, which might influence defensive snacking and exercise absenteeism. Finally, alterations to the 
growth hormone–IGF-1 system is also believed to have a role.
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diabetes showed lower amounts of moderate–vigorous 
physical activity per day in people with type 1 diabetes than 
in adults without type 1 diabetes, but these data were 
far from comprehensive. Nonetheless, hypoglycaemic 
risk from physical activity means that people with type 1 
diabetes should either modulate their insulin doses before 
exercise (which requires additional planning) or maintain 
their blood glucose at higher concentrations by increasing 
carbohydrate intake before and during exercise (which can 
imbalance energy expenditure and lead to weight gain). 
Thus, in people with type 1 diabetes, better education 
about how to adapt insulin doses to physical activity is 
needed because, otherwise, some of this population might 
be deterred from exercising, which could contribute to 
weight management issues.29–31 

Genetic and phenotypical factors are also likely to 
contribute to weight gain in people with type 1 diabetes. 
There is an increased likelihood of a family history of 
type 2 diabetes among people with type 1 diabetes and 
obesity, and age and duration of time since diagnosis are 
factors in the development of overweight or obesity this 
population.28 Nonetheless, it is clear that the glucocentric 
approach that governs diabetes care, although beneficial 
in avoiding long-term complications, seems to put people 
with type 1 diabetes at risk of weight gain and trigger the 
same metabolic disturbances, such as increased insulin 
resistance, as seen in people with type 2 diabetes.

Consequences of weight gain in people living 
with type 1 diabetes 
Although intensive insulin therapy has been shown to 
reduce the prevalence of many long-term complications 
of type 1 diabetes,21–23 the consequential side-e!ect of 
increased bodyweight is almost guaranteed to bring about 
additional health problems. Long-term research in people 
without diabetes has clearly shown that overweight and 
obesity are important risk factors for type 2 diabetes, 
cardiovascular diseases, some types of cancer, and 
premature death.40 Obesity is also highly associated 
with poorer mental health outcomes, such as anxiety, 
depression, and self-harming behaviours.41 Although 
com prehensive longitudinal data in people with type 1 
diabetes are currently non-existent to the best of our 
knowledge, it is reasonable to assume the e!ects of 
overweight and obesity will also a!ect this population and 
might even be more detrimental than in the general 
population. In the study by Edqvist and colleagues,42 

26 125 people with type 1 diabetes (mean age 33·3 years, 
45% women) who were registered in the Swedish National 
Diabetes Registry were followed up from 1998 to 2012, to 
assess the risk of death from cardiovascular disease, 
major cardiovascular disease events, hospitalisations 
for heart failure, and total deaths. The study authors 
concluded that risk of major cardiovascular disease, heart 
failure, cardiovascular death, and mortality increased 
with increasing BMI, with associations more apparent in 
men than in women. 42

Insulin resistance is common among individuals with 
overweight or obesity without diabetes, and current 
evidence suggests that it also e!ects people with type 1 
diabetes and overweight or obesity (figure 2).43 However, 
there is sparse evidence in the clinical setting, mainly 
because it is di"cult to measure insulin resistance in 
people with type 1 diabetes. In the few studies available, 
insulin resistance was found to be higher in a cohort of 
adolescents of a healthy weight with type 1 diabetes 
compared with weight-matched controls.44 It is not clear 
whether clinical factors that are more readily obtainable 
can identify people with type 1 diabetes who are likely 
to have insulin resistance.45 Using euglycaemic-hyper-
insulinaemic clamps is invasive and costly and thus not 
easily done in large cohorts. A large-scale meta-analysis of 
38 studies that all used euglycaemic-hyperinsulinaemic 
clamps to measure insulin resistance in people with 
type 1 diabetes concluded that insulin resistance was 
higher in people with type 1 diabetes than in healthy, 
weight-matched controls.46 The meta-analysis46 suggested 
that the insulin resistance that develops in people 
with type 1 diabetes is because of the exogenous delivery 
of insulin, and presents with a unique phenotype that 
correlates with aberrant physiological endpoints, regard-
less of weight. However, obesity can also increase insulin 
resistance in people with type 1 diabetes.47 Thus, the state 
of insulin resistance that develops in such people di!ers 
from insulin resistance in people with obesity, but 
its consequences are clearly deleterious. For instance, 
a study found that people with type 1 diabetes with the 
lowest estimated glucose disposal rate (an indication of 
insulin resistance) were more likely to have microvascular 
complications than were people with type 1 diabetes 
with higher glucose disposal rates.49 This finding was 
confirmed by a study that investi gated the development 
of nephropathy in people with type 1 diabetes.48 There is 
scarce direct evidence linking excess adiposity and insulin 
resistance in people with type 1 diabetes to an increased 
incidence of myocardial infarction and stroke. Weak 
evidence was provided by a study of a cohort of 40 people 

Figure ! : The vicious cycle of insulin-associated weight gain 
Although the drivers of weight gain in people living with type 1 diabetes are 
numerous and complex, insulin replacement therapy is believed to be one of the 
biggest contributors. Development of type 1 diabetes leads to insulin 
replacement therapy as standard of care. Weight gain associated with intensive 
insulin therapy increases insulin resistance, leading to increased insulin dose 
requirements, which in turn promotes further insulin-associated weight gain.  

Type 1 diabetes Insulin replacement therapy

Increased insulin dose
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Insulin-associated changes to
body composition or excessive 
accumulation of body fat28,29,33

Obesity-associated insulin
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« Diabète double » = DT1 + surpoids/obésité, antécédents familiaux de DT2 et/ou stigmates d’insulinorésistance

Augmentation du risque de complications, indépendamment du contrôle glycémique
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HbA1c on its own does not explain the increased rate of complications

in DD, other glycaemic markers such as glucose variability and/or

hypoglycaemia, may have a role. Alterations in traditional cardiovascular

risk factors, such as dyslipidaemia and hypertension, are likely to play a

role in increased rate of complications. The potential mechanisms for

increased complications in DD are illustrated in Figure 5.

6.1 | Role of glycaemia

The observational study by Merger et al54 suggests that individuals with

DD, who are generally more obese than those with T1D, tend to have

higher HbA1c, which may, at least in part, be responsible for the

increased risk of complications in DD. It should be noted that HbA1c

measures average glucose levels and does not address glucose variability

or hypoglycaemia, both of which appear to be associated with adverse

vascular outcome.55,56 In particular, higher insulin doses, commonly used

in DD, may lead to increased risk of hypoglycaemia,57 which, in turn,

enhances the inflammatory/thrombotic milieu, thus contributing to vascu-

lar pathology.58 Moreover, the potential for larger fluctuations in glucose

levels in this population may implicate glucose variability in the increased

risk of complications; however, these are merely hypotheses at present

and studies are required to establish whether individuals with DD experi-

ence more hypoglycaemic events and/or higher glucose variability, partic-

ularly in those with well controlled HbA1c. If a difference is detected,

longitudinal studies are warranted to understand the relationship

between these glycaemic markers and vascular complications in DD.

6.2 | Role of insulin resistance

Insulin resistance is associated with an enhanced inflammatory environ-

ment due to the release of cytokines by adipose tissue macrophages59

or inflammatory proteins, such as complement C3 by adipocytes.60 This,

in turn, enhances insulin resistance by interfering with the insulin-

mediated phosphinositide-3 kinase (PI3K) pathway,61,62 creating a

vicious cycle. Interestingly, blocking inflammatory cytokines with the

use of interleukin-1 antagonist can improve insulin sensitivity in insulin-

resistant people with T1D.63 Moreover, systemic cytokine leakage into

the circulation contributes to a low-grade generalized inflammatory

milieu, which, in turn, promotes endothelial dysfunction, the earliest

abnormality in the atherosclerotic process.64

Insulin resistance also increases lipolysis, leading to non-esterified

free fatty acid flux into the systemic circulation, where triglyceride

deposition in muscle and liver tissues augments insulin resistance.65

Insulin resistance also leads to hyperglycaemia through unsuppressed

hepatic gluconeogenesis and decreased muscular glucose uptake,66,67

thus resulting in higher insulin requirements. Insulin resistance contrib-

utes to an increase in blood pressure by diminishing the vasodilatation

efficiency and promoting smooth muscle growth. Moreover, insulin

resistance impairs the PI3K-dependent signalling pathway, while keep-

ing the mitogen-activated protein kinase (MAPK)-dependent pathway

intact,68 resulting in imbalance between the two pathways. Compensa-

tory hyperinsulinaemia, therefore, increases production of the vasocon-

strictor endothelin-1,69 which opposes vasodilator action of nitric
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F I G U RE 4 Prevalence of diabetes complications in individuals with type 1 diabetes (T1D) and metabolic syndrome. Complication rates (A,B)
and risk ratios (C,D) of diabetes complications are shown in the presence and absence of metabolic syndrome in individuals with T1D. ALB,
albuminuria; CHD, coronary heart disease; DR, diabetic retinopathy; MI, myocardial infarction; PAD, peripheral arterial disease; PDR, proliferative
retinopathy. Data were modified from Merger et al 54
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bariatric surgery was signi ! cantly lower than the mean BMI for those
who did not undergo bariatric surgery (34.4 ± 7.6 kg/m 2 vs. 37.9 ±
8.5 kg/m 2, respectively, P = 0.02; Table S4). Interestingly, the mean
HbA1c was higher following bariatric surgery compared with those
without bariatric surgery (8.3 ± 1.0% vs. 7.7 ± 1.0%, P= 0.28). Those
who underwent bariatric surgery had lower mean blood pressures
and improved lipid pro ! le after bariatric surgery as compared with
those who did not undergo bariatric surgery, although differences did
not reach statistical signi ! cance (Table S4).

3.2. Weight loss medications and liraglutide

The overall prevalence of weight loss medications use and liraglutide
use was 0.9% (127/13,501) and 2.6% (356/13,501), respectively. The dis-
tribution of the type of weight loss medication is given in Tables S5 and
S6, noting that the dose of liraglutide was reported only by 29% or
liraglutide users. There were 39 participants that had undergone bariat-
ric surgery and an additional 19 participants that had taken both weight
loss medication and liraglutide and were excluded from clinical out-
come assessment. Each participant had on average 2.1 ± 1.5 BMI mea-
surements and 11.3 ± 5.3 HbA1c samples within 5 years before starting
weight loss medications and 2.0 ± 1.6 BMI measurements and 10.0 ±
4.9 HbA1c samples within 5 years before starting liraglutide. Partici-
pants had 2.6 ± 1.2 BMI measurements and 6.8 ± 5.0 HbA1c samples
after taking weight loss medication and 2.4 ± 1.3 BMI measurements
and 6.7 ± 4.5 HbA1c samples after taking liraglutide. BMI and HbA1c
were similar before and during weight loss medications use (BMI:
31.5 ± 4.0 kg/m 2 and 30.8 ± 4.6 kg/m 2, P = 0.99; HbA1c: 8.0 ± 1.0%
[64 ± 10.9 mmol/mol] and 7.8 ± 1.0% [62 ± 10.9 mmol/mol], P =
0.99), and before and during liraglutide use (BMI: 31.4 ± 6.2 and 30.8
± 5.4, P= 0.87; HbA1c: 7.7 ± 1.0% [61 ± 10.9 mmol/mol] and 7.6 ±
0.9% [60 ± 9.8 mmol/mol], P= 0.14; Table 2 and Fig. 2). Clinical out-
comes were similar after stopping weight loss medications and
liraglutide, except for BMI and systolic blood pressure of liraglutide
users. Speci! cally, differences in BMI approached statistical signi ! cance
after stopping the liraglutide where the BMI increased from 30.8 ± 5.4
kg/m 2 while taking the medication to 32.4 ± 6.1 kg/m 2 after stopping
(P= 0.05). Blood pressure measures, except for systolic blood pressure,
and lipid pro ! les were not different across groups ( Table 2). Similar
clinical outcomes were observed using the last available measurement
within each time period for comparing before, during, and after weight
loss medication use, except differences in systolic blood pressure for

Table 1
Clinical outcomes before and after bariatric surgery ( N = 37).

Clinical outcome ! Before bariatric After bariatric P-values 

N Mean ± SD N Mean ± SD

HbA1c Ð% (mmol/mol) 27
8.8 ± 1.3

34
8.1 ± 1.1 0.05

(73 ± 14.2) (65 ± 12.0)
Weight Ðkg 14 108 ± 24 30 91 ± 20 0.006
BMI Ðkg/m 2 12 38.8 ± 9.1 30 33.3 ± 6.7 0.006
Blood pressure ÐmmHg

Systolic 14 121 ± 7 30 121 ± 12 0.94
Diastolic 14 72 ± 6 30 73 ± 7 0.74

Lipid pro ! le Ðmg/dL
Total cholesterol 7 160 ± 27 17 169 ± 31 Ð
LDL-C 15 88 ± 22 26 80 ± 17 0.23
HDL-C 14 64 ± 24 25 71 ± 21 0.74
Triglyceride 14 106 ± 60 25 84 ± 23 0.15

! For each variable the mean of each subject was calculated and then the mean of the
entire group was recorded.

  P-values adjusted for age, gender, household income, CGM use, and pump use as ! xed
effects and participant as a random effect. P-values were only determined if there were at
least 10 individuals with data available before and after bariatric surgery. P-values ad-
justed using the Benjamini-Hochberg procedure.

Fig. 1. Boxplots of BMI (top panel) and HbA1c (bottom panel) by years from bariatric surgery. White dots represent mean values, N represents the number of obes ervations at each time
point.
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who did not undergo bariatric surgery (34.4 ± 7.6 kg/m 2 vs. 37.9 ±
8.5 kg/m 2, respectively, P = 0.02; Table S4). Interestingly, the mean
HbA1c was higher following bariatric surgery compared with those
without bariatric surgery (8.3 ± 1.0% vs. 7.7 ± 1.0%, P= 0.28). Those
who underwent bariatric surgery had lower mean blood pressures
and improved lipid pro ! le after bariatric surgery as compared with
those who did not undergo bariatric surgery, although differences did
not reach statistical signi ! cance (Table S4).

3.2. Weight loss medications and liraglutide

The overall prevalence of weight loss medications use and liraglutide
use was 0.9% (127/13,501) and 2.6% (356/13,501), respectively. The dis-
tribution of the type of weight loss medication is given in Tables S5 and
S6, noting that the dose of liraglutide was reported only by 29% or
liraglutide users. There were 39 participants that had undergone bariat-
ric surgery and an additional 19 participants that had taken both weight
loss medication and liraglutide and were excluded from clinical out-
come assessment. Each participant had on average 2.1 ± 1.5 BMI mea-
surements and 11.3 ± 5.3 HbA1c samples within 5 years before starting
weight loss medications and 2.0 ± 1.6 BMI measurements and 10.0 ±
4.9 HbA1c samples within 5 years before starting liraglutide. Partici-
pants had 2.6 ± 1.2 BMI measurements and 6.8 ± 5.0 HbA1c samples
after taking weight loss medication and 2.4 ± 1.3 BMI measurements
and 6.7 ± 4.5 HbA1c samples after taking liraglutide. BMI and HbA1c
were similar before and during weight loss medications use (BMI:
31.5 ± 4.0 kg/m 2 and 30.8 ± 4.6 kg/m 2, P = 0.99; HbA1c: 8.0 ± 1.0%
[64 ± 10.9 mmol/mol] and 7.8 ± 1.0% [62 ± 10.9 mmol/mol], P =
0.99), and before and during liraglutide use (BMI: 31.4 ± 6.2 and 30.8
± 5.4, P= 0.87; HbA1c: 7.7 ± 1.0% [61 ± 10.9 mmol/mol] and 7.6 ±
0.9% [60 ± 9.8 mmol/mol], P= 0.14; Table 2 and Fig. 2). Clinical out-
comes were similar after stopping weight loss medications and
liraglutide, except for BMI and systolic blood pressure of liraglutide
users. Speci! cally, differences in BMI approached statistical signi ! cance
after stopping the liraglutide where the BMI increased from 30.8 ± 5.4
kg/m 2 while taking the medication to 32.4 ± 6.1 kg/m 2 after stopping
(P= 0.05). Blood pressure measures, except for systolic blood pressure,
and lipid pro ! les were not different across groups ( Table 2). Similar
clinical outcomes were observed using the last available measurement
within each time period for comparing before, during, and after weight
loss medication use, except differences in systolic blood pressure for

Table 1
Clinical outcomes before and after bariatric surgery ( N = 37).

Clinical outcome ! Before bariatric After bariatric P-values 

N Mean ± SD N Mean ± SD

HbA1c Ð% (mmol/mol) 27
8.8 ± 1.3

34
8.1 ± 1.1 0.05

(73 ± 14.2) (65 ± 12.0)
Weight Ðkg 14 108 ± 24 30 91 ± 20 0.006
BMI Ðkg/m 2 12 38.8 ± 9.1 30 33.3 ± 6.7 0.006
Blood pressure ÐmmHg

Systolic 14 121 ± 7 30 121 ± 12 0.94
Diastolic 14 72 ± 6 30 73 ± 7 0.74

Lipid pro ! le Ðmg/dL
Total cholesterol 7 160 ± 27 17 169 ± 31 Ð
LDL-C 15 88 ± 22 26 80 ± 17 0.23
HDL-C 14 64 ± 24 25 71 ± 21 0.74
Triglyceride 14 106 ± 60 25 84 ± 23 0.15

! For each variable the mean of each subject was calculated and then the mean of the
entire group was recorded.

  P-values adjusted for age, gender, household income, CGM use, and pump use as ! xed
effects and participant as a random effect. P-values were only determined if there were at
least 10 individuals with data available before and after bariatric surgery. P-values ad-
justed using the Benjamini-Hochberg procedure.

Fig. 1. Boxplots of BMI (top panel) and HbA1c (bottom panel) by years from bariatric surgery. White dots represent mean values, N represents the number of obes ervations at each time
point.
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TABLE 3 | Incidence of diabetic ketoacidosis and hypoglycemia after bariatric surgery in patients with type 1 diabetes mellitus and obesity.

References Patients

(n)

Mean duration of

T1DM (years)

Mean

duration of

follow-up

Procedures

(n)

DKA before

surgery

DKA after

surgery

Hypoglycemia

before surgery

Hypoglycemia after

surgery

Chuang et al. (18) 2 5.5 20 months RYGB (1)

SG (1)

Patient 1: 1

episode

Patient 2: (–)

Patient 1: (–)

Patient 2:

1 episode

(–) Patient 1: Mild

hypoglycemic episodes

2 to 5 times per week

Patient 2: Mild

hypoglycemic episodes

2 to 5 times per week

Aminian et al. (39) 12 NA 90 days RYGB (6)

SG (4)

AGB (2)

3 patients

(25%)

Severe: 3

Moderate: 3

Mild: 6

NA NA

Maraka et al. (30) 7 20.6 2 years RYGB (9)

SG (1)

NA 2 patients NA 7 patients

Vilarrasa et al. (23) 32 20 4.6 years SG (15)

RYGB (11)

BPD (6)

(-) 2 patients (one

had a recurrent

episode)

(-) 3 patients

(9.3%)—severe

Landau et al. (22) 26 20.2 3.5 years SG (19)

RYGB (4)

AGB (3)

NA 4 patients

(within 48 h

after surgery)

NA 6 patients shortly after

discharge!2 patients

hospitalized

Faucher et al. (31) 13 21 12 months SG (7)

RYGB (6)

NA NA (-) Median number of

minor episodes at 6

months:

RYGB: 3.5

SG: 6

2 severe episodes

Al Sabah et al. (32) 10 NA 4 years SG (10) NA NA NA 2 patients (18.2%)

DKA, diabetic ketoacidosis; NA, not applicable; RYGB, R-n-Y gastric bypass; SG, sleeve gastrectomy; BPD, biliopancreatic diversion; AGB, adjustable gastric banding.

up to 51% (50, 51). The result is the development of secondary
hyperparathyroidism, which leads to increased release of calcium
from bones and, eventually, loss of bone mass and osteoporosis
(52–54). Regardless of the operation performed, all patients
who have undergone bariatric surgery should follow a close
nutritional monitoring on a regular basis, receiving appropriate
supplements when necessary.

Finally, the most recent concern regarding post-surgical
complications are psychosocial disorders (55). As the
gastrointestinal anatomy after RYGB and SG favors the
rapid absorption of alcohol, the rate of alcohol misuse events
in these patients is increased and poses as a substitute to their
previous food addiction (56–58). Even more alarmingly, the
risk of suicide after bariatric surgery seems to rise. In the Utah
Mortality Study, a significant increase in the number of suicides,
poisonings and accidental deaths after RYGB was observed,
and similar were the results in the second Utah Obesity Study
(59, 60). In 2010, Tindle et al. (61) reported 31 suicides in a total
of 16.683 bariatric surgery operations (overall rate of 6.6/10.000),
with 70% of the events occurring within the first 3 years after
surgery. In a review by Peterhansel et al. (62) the suicide rate after
surgery was estimated to be 4.1/10.000 person-years. A similar
trend was shown in 2017 by Laggeros et al. (63), where it was
also indicated that episodes of self-harm and depression were
more frequent after gastric bypass in patients with a pre-existing
psychiatric condition. These data underline the importance of
a comprehensive evaluation of the psychiatric status of patients

both prior to and after surgery by a multidisciplinary team of
experienced healthcare professionals, so that timely identification
and management of such conditions is achieved (64).

GLUCOSE HOMEOSTASIS AFTER
BARIATRIC SURGERY AND SPECIAL
CONCERNS IN T1DM

As bariatric surgery has only recently been considered as a
therapeutic option for T1DM, evidence concerning the possible
mechanisms through which it impacts glucose metabolism has
been obtained from studies on human and animal models
with T2DM. Weight loss, calorie restriction and gastrointestinal
hormone modulation are some of the mechanisms which have
been described to play an important role in the remission
of T2DM after bariatric surgery (65). The e!ect of these
mechanisms in T1DM has not yet been elicited due to the
di!erent pathogenesis comparing to T2DM. However, the fact
that bariatric surgery results in a significant reduction of insulin
requirements and an, at least modest, reduction in HbA1c in
T1DM patients, implies the existence of a shared background
between these two types of the disease on which surgery exerts
mutually beneficial e!ects. The discrepancies, nevertheless, in the
post-operative glycemic control in T1DM are a serious concern
that needs to be elucidated. To discuss these concerns, a brief
presentation of the mainmechanisms through which surgery acts
on glucose metabolism is required.
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Introduction  

The global epidemic of obesity that has developed over recent decades 
does not spare patients with type 1 diabetes mellitus (T1DM). In these 
patients, insulin resistance can accompany the deficient insulin 
secretion, and the term Òdouble diabetesÓ has been suggested to 
describe this novel physiopathological entity. Moreover, a substantial 
fraction of patients suffering from type 2 diabetes (T2DM) also 
experience a progressive decline in beta-cell function of autoimmune 
origin [1]. Compared with lean individuals with type 1 diabetes, obese 
patients are at even higher risk of micro- and macro-vascular 
complications. They have a worse cardiovascular prognosis, justifying 
the requirement for tighter glycaemic control [2]. These patients 
represent a therapeutic challenge, because they require higher doses of 
insulin to achieve a good glycaemic control. This may result in further 
weight gain due to the anabolic effects of insulin, thus creating a 
vicious circle. 

A growing number of patients with T1DM are thus theoretical 
candidates for metabolic surgery, but only a small number of such 
patients have been reported in the literature. According to recent 
reviews [3, 4], the vast majority of T1DM patients undergoing 
bariatric surgery experienced significant weight loss with ensuing 
decreases in their total insulin requirements. Nevertheless, long-term 
glycaemic control remained variable and somewhat unpredictable An 
increase in the occurrence of hypoglycaemic episodes has also been 
reported [5]. Consequently, there are presently no definitive 
recommendations regarding the use and indications of bariatric 
surgery in obese T1DM patients. The aim of this article was to 
il lustrate the challenges encountered in a patient who developed latent 
autoimmune diabetes of adults (LADA) several years after benefitting 
from a roux-en-Y gastric bypass (RYGB). 

Case report 

A 28-year-old woman weighing 141 kg and with a height of 167 cm 
(body mass index [BMI] 50.6 kg/m2) was referred for bariatric 
surgery. Metformin had been started 6 months before the intervention 
because of T2DM (HbA1c 7.8%, fasting plasma glucose 10 mmol/l). 
She underwent a RYGB. Metformin treatment was stopped 
postoperatively and 9 months later her HbA1c was down to 5.7% 
without treatment. Eighteen months after surgery, she had lost 57 kg, 
corresponding to 80% of excess weight loss, and thereafter her weight 
stabilised at 84 kg (BMI 30 kg/m2). At that time HbA1c was not 
measured, but fasting plasma glucose was 4.7 mmol/l. Five years after 
surgery, she experienced a further weight loss of 10 kg within 6 
months. Laboratory analyses revealed a new elevation of HbA1c 
levels to 8.6%, and the diagnosis of LADA was made on the basis of a 
strongly positive test for autoantibodies against glutamic acid 
decarboxylase (GAD) (1 390 800 IU/ml, N <10).  
The patient was diagnosed with T2DM shortly before surgery, but had 
normal blood glucose values for 5 years afterwards. A very high anti-
GAD antibody titre led to the diagnosis of autoimmune diabetes of the 
LADA type when she relapsed. Later in the course of the disease, C-
peptide was undetectable with a glycaemia of 12 mmol/l. Insulin 
therapy was initiated, with basal and prandial insulin injections, and 
she participated in an intensive insulin therapy education programme. 
In the weeks following the introduction of insulin, she began to 
experience dysphagia after eating, possibly related to the stress 
induced by the treatment. As a result, her food intake became limited, 
and she began to suffer from frequent hypoglycaemic episodes after 
prandial insulin (documented symptomatic hypoglycaemia almost 
daily, one severe episode of hypoglycaemia). In order to avoid these 
episodes, she was advised to delay the administration of prandial 
insulin until 15 minutes after the start of her meals. On this regimen, 
blood glucose control became highly erratic, with recurrent episodes 

Variations +++ de l’absorption du glucose 
après chirurgie malabsorptive (RYGB, DBP) 
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of postprandial hyperglycaemia (>22.2 mmol/l). Continuous glucose 
monitoring confirmed the frequent occurrence of high postprandial 
glucose peaks (fig. 1). After a couple of weeks, the patient felt more at 
ease with the injections of insulin, the stress experienced at the 
beginning of therapy decreased and food ingestion returned to normal. 
Insulin boluses were therefore moved back to the start of the meal. 
This resulted in a lowering of postprandial peaks of glycaemia. Her 
overall diabetes control, however, was still insufficient. Insulin 
boluses were therefore moved back to 15 minutes before the start of 
the meal, which resulted in a better glycaemic control: HbA1c 
decreased from 8.9 to 7.4% within 10 weeks of this change (fig. 2). 
Unfortunately, the patient remained afraid of hypoglycaemic episodes 
and could not keep to this insulin regimen. She stopped her meticulous 
glycaemic control and her HbA1c gradually rose again. Her usual 
dietary intake of carbohydrates was between 30 and 60 g per meal. 
She was advised to limit refined carbohydrates in her diet in favour of 

low glycaemic index foods, but this was insufficient to correct her 
HbA1c.  
As a result of the difficulties in optimally controlling blood glucose 
without hypoglycaemia, we decided to start continuous subcutaneous 
insulin infusion using a sensor-augmented insulin pump with 
automated insulin suspension (Minimed® 640G, Medtronic) in order 
to avoid hypoglycaemia. After the usual adaptations in the basal rate 
and boluses, overall glycaemic control improved, with an HbA1c of 
7.6% without hypoglycaemic episodes (fig. 3). Her current total 
insulin dose is 60 IU/d (0.6 IU/kg/d) divided into 36 IU/d of basal 
insulin and 24 IU/d of bolus insulin. Her carbohydrate-to-insulin ratio 
is between 10 and 15 g/IU. Combination boluses are administrated 15 
minutes before each meal. As can be seen in figure 4, during a day of 
fast the basal rate was not the main problem for treatment adjustment. 
The most difficult thing to handle was postprandial glycaemia. 
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0.43; 95% CI 0.2–0.9; P5 0.026) (Fig. 1A)
and cardiovascular mortality (HR 0.15;
95% CI 0.03–0.68; P 5 0.013) were
signi!cantly lower in the RYGB group.
The differences were most marked with
regards to stroke (HR 0.18; 95% CI 0.04–
0.82; P 5 0.027) and heart failure (HR
0.32; 95% CI 0.15–0.67; P5 0.003). The
differences in incidence of myocardial
infarction (HR 0.57; 95% CI 0.24–1.35;
P 5 0.199) and atrial !brillation (HR
0.69; 95% CI 0.30–1.62; P5 0.395) were
broadly similar. The group that hadbeen

treated with surgery had signi!cantly
more serious hyperglycemic events (HR
1.99; 95% CI 1.07–3.72; P5 0.030) (Fig.
1B), and there was a numeric but not
statistically signi!cant difference in hy-
poglycemic events that lead to coma (HR
1.57; 95% CI 0.78–3.16; P5 0.205) (Fig.
1C). A difference in the incidence of
serious hyperglycemic events, including
DKA, was already apparent during the
!rst 2–3 days postoperatively. There was
a de!nite trend in decreased all-cause
mortality for the RYGB group, but the

difference was not signi!cant statisti-
cally (HR 0.57; 95%0.32–1.02;P5 0.060)
(Fig. 1D).

Regarding secondary outcomes, the
analysis did not detect a signi!cant dif-
ference in risk of kidney disease (HR 0.70;
95% CI 0.39–1.26; P 5 0.234) or leg
amputation (HR 0.57, 0.17–1.95; P 5
0.373), and although there was a trend
toward more psychiatric disorders, the
difference did not reach signi!cance (HR
1.72; 95% CI 0.96–3.08; P5 0.070) (Fig.
1E). There was a signi!cantly increased
risk for alcohol and substance abuse in
the RYGB group (HR 3.71; 95% CI 1.03–
13.29; P5 0.044) (Fig. 1F). Four patients
in the surgical group died because of
diabetes-related coma compared with
one patient in the control group. Car-
diovascular comorbidity or heart failure
were the most common causes of death
in the control group.

In patients with available data, the
mean HbA1c level was 7.6% (59.6 mmol/
mol) and 7.8% (62.1 mmol/mol) at 1 and
2 years after baseline, respectively, in
the surgical group compared with 8.3%
(67.2 mmol/mol) and 8.3% (67.4 mmol/
mol) at 1 and 2 years after baseline,
respectively, in the control group. BMI in
the surgical group was 30.6 kg/m2 and
28.8 kg/m2 at 1 and 2 years after surgery,
respectively, compared with 37.5 kg/m2

and 37.5 kg/m2 at 1 and 2 years after
surgery, respectively, in the control group.
Reported weight was 86.2 and 82.3 kg
after 1 and 2 years, respectively, in the
surgical group and 106.1 and 105.8 kg
after 1 and 2 years, respectively, in the
control group. An overview of these
changes can be seen in Table 3.

CONCLUSIONS

Our observational !ndings show that
although surgical treatment of obesity in
patients with T1D is associated with a
substantially lower risk for cardiovascular
disease and cardiovascular death, stroke,
and heart failure, it appears to be asso-
ciated with a higher risk for serious
hyperglycemic events, includingDKA and
abuse of alcohol and narcotics. Our re-
sults also imply that bypass surgery
might be associated with a higher risk for
serious hypoglycemic events after sur-
gery as well as psychiatric illness. That
said, if the results represent true or close-
to-true causal effects, the potential net
bene!tswould seemtooutweighpotential

Table 1—Clinical characteristics and pharmacological treatments at baseline (in
addition to insulin)

Control (n 5 387) RYGB (n 5 387) P SMD

Female sex 345 (89.1) 298 (77.0) ,0.001 0.33

Age (years) 41.1 6 14.5 41.7 6 10.3 0.586 0.04

Diabetes duration (years) 18.7 6 13.2 18.8 6 11.4 0.940 0.01

BMI (kg/m2) 39.5 6 7.0 40.8 6 5.4 0.005 0.21

HbA1c (mmol/mol) 67.5 6 16.7 70.1 6 16.5 0.052 0.15

HbA1c (%) 8.4 6 1.53 8.6 6 1.50 0.052 0.15

Systolic BP (mmHg) 128.3 6 16.7 129.4 6 15.4 0.375 0.07

Diastolic BP (mmHg) 75.5 6 9.5 77.1 6 9.8 0.035 0.17

HDL cholesterol (mmol/L) 1.3 6 0.4 1.2 6 0.4 0.003 0.25

LDL cholesterol (mmol/L) 2.8 6 0.9 2.8 6 0.9 0.327 0.08

Microalbuminuria 58 6 20.3 48 6 21.8 0.756 0.04

Macroalbuminuria 28 6 9.3 23 6 10.3 0.803 0.04

GFR (mL/min) 94.5 6 28.9 98.0 6 30.9 0.153 0.12

Creatinine (mmol/L) 70.5 6 51.9 71.7 6 57.8 0.777 0.02

Physical activity (%) 0.036 0.29
Level 1 14.7 15.6
Level 2 19.5 23.1
Level 3 22.4 30.2
Level 4 28.1 17.8
Level 5 15.3 13.3

Smoking (%) 14.2 14.0 1.000 ,0.01

BP-lowering treatment 177 (49.4) 153 (54.4) 0.239 0.10

Loop diuretics 8 (2.1) 7 (1.8) 1.000 0.02

Other diuretics 1 (0.3) 5 (1.3) 0.219 0.12

Platelet inhibitors 5 (1.3) 4 (1.0) 1.000 0.02

Anticoagulants 3 (0.8) 0 (0.0) 0.247 0.13

Beta blockers 23 (5.9) 17 (4.4) 0.417 0.07

Nitrates 1 (0.3) 2 (0.5) 1.000 0.04

Lipid-lowering treatment 30 (7.8) 30 (7.8) 1.000 ,0.01

Opiates 13 (3.4) 13 (3.4) 1.000 ,0.01

Metformin 24 (6.2) 27 (7.0) 0.772 0.03

Sulphonylureas 1 (0.3) 1 (0.3) 1.000 ,0.01

GLP-1 receptor agonists 4 (1.0) 4 (1.0) 1.000 ,0.01

DPP-4 inhibitors 0 (0.0) 2 (0.5) 0.479 0.10

SGLT2 inhibitors 0 0 NA ,0.01

Meglitinides 1 (0.3) 0 (0.0) 1.000 0.071

Glitazones 0 (0.0) 1 (0.3) 1.000 0.07

Data are n (%) or mean6 SD. BP, blood pressure; DPP4, dipeptidyl peptidase 4; GFR, glomerular
!ltration rate; GLP-1, glucagon-like peptide 1; NA, not applicable; SGLT2, sodium–glucose
cotransporter 2.
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Technological advances have made
the dosing of insulin more accurate
and prevention of hyper- and hypogly-
cemia easier, and this is important when
assessing the risk involvedwith bariatric
surgery for patients with T1D. However,
when assessing a patient for bariatric
surgery, one cannot assume that these
treatment options are available or of
interest to the patients postoperatively.
Serious hyperglycemic events directly
after surgery indicate insuf!cient insulin
treatment and the need for early contact
with the diabetes team. It is important
that the surgical team is aware that
continuous treatment with insulin is of
vital importance for patients with T1D
and that treating these patients is not
comparable to treating patients with
type 2 diabetes with regards to insulin
dosing postoperatively. The stress of the
surgical operation could also increase the
need for insulin. The hyper- and hypo-
glycemic events included were only
those that required hospitalization and
are likely an underestimation. Four pa-
tients in the surgical group died because
of diabetes-related coma, compared
with one patient in the control group,
which stresses the seriousness of these
possible complications.
There are no randomized prospective

trials on the effects and complications
of bariatric surgery in patients with T1D
available, and this sort of study would be
ethically questionable. A recent random-
ized study comparing RYGB and sleeve
gastrectomy in type 2 diabetes patients

showed better results after RYGB (22),
but further research is needed on the
choice of surgical method for patients
with T1D as well as comparisons between
surgical and medical treatment of obe-
sity. It is also of interest to carefully
consider the technological aspect of in-
sulin treatment and glucose monitoring
for the patients who receive surgical treat-
ment. The usage of these devices might
need to be considered preoperatively to
reduce risk for serious hypo- and hyper-
glycemic events after surgery. Finally, it is
important to further evaluate whether
weight regain is more common in such
patients because of the continuous treat-
ment with insulin and what the effects
are on overall quality of life.

Conclusion
While our !ndings stem from an obser-
vational (case versus matched control)
study, they suggest that bariatric surgery
may yield broadly similar bene!ts on risk
for cardiovascular disease and cardiovas-
cular mortality in patients with T1D and
obesity as has been reported for patients
withtype2diabetes.However, suchsurgery
may increase the risk for adverse effects,
such as hyperglycemia and abuse of alcohol
anddrugs.Wesuggestthatthepreoperative
evaluation and postoperative monitoring
should be done on an individual basis and
with early involvement of a diabetes team.
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Etude suédoise - Appariement âge, sexe, IMC, année d’inclusion

number of events available for anal-
ysis but matching 1:2 or higher was not
possible. However, control patients were
found for each surgically treated patient

and no cases were lost or excluded. As
NDR contains information on more than
95% of all patients with T1D in the coun-
try, the follow-upshouldnotdifferbetween

the surgical group and control group as
might be seen in the general population.
All individualsare includedas longas they
have not emigrated.

Figure 1—Cumulative incidence with number of subjects at risk and time in years.A: Cardiovascular disease (95% CI 0.20–0.9). B: Serious
hyperglycemic events (95% CI 1.07–3.72).C: Serious hypoglycemic events (95% CI 0.78–3.16).D: All-cause mortality (95% CI 0.32–1.02).E: Psychiatric
illness (95% CI 0.96–3.08).F: Alcohol and substance abuse (95% CI 1.03–13.29).
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Worsening of diabetic retinopathy (DR) is associated with the initiation of effective treatment

of glycaemia in some patients with diabetes. It has been associated with risk factors such as

poor blood-glucose control and hypertension, and it manifests prior to the long-term benefits of

optimizing glycaemic control. The majority of evidence supports an association of large and

rapid reductions in blood-glucose levels with early worsening of DR. Despite a general aware-

ness of early worsening within the diabetes community, mechanisms to explain the phenome-

non remain speculative. We provide an overview of early worsening of DR and its

pathophysiology based on current data. We describe the phenomenon in various settings,

including in patients receiving insulin- or non-insulin-based treatments, in those undergoing bar-

iatric surgery, and in pregnant women. We discuss various mechanisms and theories that have

been suggested to explain this paradoxical phenomenon, and we summarize the implications of

these in clinical practice.

K E Y W O R D S

diabetic retinopathy, GLP-1 analogue, glycaemic control, insulin therapy, type 1 diabetes, type

2 diabetes

1 | THE EARLY WORSENING
PHENOMENON IN DIABETIC RETINOPATHY

Diabetic retinopathy (DR) is a common complication of diabetes that

affects the vasculature in the eye and occurs in approximately one-

third of patients with diabetes. 1,2 It is the leading cause of vision loss

in the working-age and elderly population.3 The progression and

development of DR is associated with a number of risk factors, includ-

ing long duration of diabetes, poor glycaemic control and poorly con-

trolled hypertension.2,3 Deterioration of DR, upon initiation of

stringent diabetes treatment, is referred to as Òearly worseningÓ. In

this context, the term ÒearlyÓrefers to the establishment of good gly-

caemic control, and not to a short duration of diabetes. This seemingly

paradoxical outcome was first described in the 1980s in patients with

type 1 diabetes who were treated intensively with continuous subcu-

taneous insulin infusion (CSII) rather than conventional treatment, that

is, short- or intermediate-acting insulin.4Ð6 One early report involving

18 patients with long-term (mean, 14.6 years) poorly controlled diabe-

tes showed that changing from a period of poor control to tight con-

trol of diabetes was detrimental for patients with existing DR. In this

study, seven patients experienced worsening DR, while four patients

with existing moderate-to-severe DR experienced rapid progression

of retinopathy within three to 6 months of CSII. 4

The timescale over which early worsening has been reported

ranges from 3 months up to 3 years after treatment initiation.7Ð11 In

the Oslo study, early worsening developed after 3 months of treat-

ment in half of the patients treated with CSII (n = 7/15) or multiple

insulin injections (n = 8/15) compared with none in the conventional

treatment group.7 Similarly, in the Kroc collaborative study, almost

half of the patients receiving CSII (47%) developed early worsening by

Month 8 of treatment, compared to 27% in the conventional treat-

ment group.8 In these trials, early worsening was defined in various

ways, including by progression on the Early Treatment of Diabetic

Retinopathy Study (ETDRS) severity scale, a standardized scale of dis-

ease severity derived from grading of retinal fundus photographs,

which characterizes DR stages (also known as the diabetic retinopathy

severity scale [DRSS])12 and by fluorescein angiograms.7Ð9

While the existence of early worsening is not in doubt, the patho-

physiology of this phenomenon is not well understood. Furthermore,

the circumstances under which it appears remain to be fully
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insulin group, respectively, experienced DR progression.36,37 Subse-

quently, an in vitro study showed insulin glargine to have greater bind-

ing affinity for the insulin-like growth factor 1 (IGF-1) receptor

compared with NPH insulin.38 It was hypothesized that this might lead

to the increased risk of DR progression with insulin glargine. However,

this was disputed by the results of a 5-year trial investigating DR with

insulin glargine vs NPH, which showed no difference in the rate of DR

progression.37 Subsequently, the ORIGIN study found that there was

no significant difference between the insulin glargine group and the

standard-of-care group in the occurrence of microvascular events.39

8 | EARLY WORSENING WITH
NON-INSULIN THERAPIES

The evidence for early worsening of DR with non-insulin therapies

continues to grow. Glucagon-like peptide-one receptor agonists (GLP-

1RAs), such as exenatide, liraglutide and semaglutide, exemplify a

non-insulin-therapy drug class that is associated with increased rates

of DR complication events, including early worsening of DR.11,26,40Ð42

However, not all increases were significant when compared with

placebo.41

In a retrospective cohort study in patients with type 2 diabetes,

more than 6 months of treatment with exenatide resulted in 29.7%

(n = 49/165) of patients experiencing progression of DR, of whom

16 patients experienced new-onset DR and 33 patients experienced

worsening of pre-existing DR, while in 19.4% of patients DR improved

(P < 0.005). The proportion of patients with progression of DR was

higher with greater reductions in HbA1c.43 Follow-up data from this

study showed that sustained treatment with exenatide resulted in

80% of patients having an improved (62%) or stable (18%) DR status

after a mean 439 days (1.2 years) from the phase 1 screening; initial

DR screening took place 234 days (8 months) from baseline.40 In the

LEADER trial, DR complications, defined as the need for retinal photo-

coagulation or treatment with intravitreal agents, vitreous haemor-

rhage or the onset of diabetes-related blindness, was evaluated in

patients with type 2 diabetes and high cardiovascular risk. In this

study the incidence of DR complications was non-significantly higher

in patients receiving liraglutide compared to those receiving placebo

(0.6 vs 0.5 events per 100 patient-years; HR, 1.15; 95% CI, 0.87-1.52;

P = 0.33).41 Similarly, semaglutide was associated with an increased

rate of DR complications in the SUSTAIN 6 study, a pre-approval trial

to evaluate cardiovascular and other long-term outcomes in patients

with type 2 diabetes.11 DR complications were significantly higher in

the SUSTAIN 6 trial with semaglutide vs placebo (HR, 1.76; 95% CI,

1.11-2.78; P = 0.02).11

It is important to emphasize that both the LEADER and the SUS-

TAIN 6 trials had similar methodological limitations with regards to

the design of the DR complications endpoint. Neither was designed to

assess DR and, based on the DR collection methods used as part of

the general evaluation of investigator-reported AEs, it is not possible

to draw definitive conclusions concerning the increased risk of DR

from these trials. For example, standardized retinal fundus photogra-

phy was not included in the LEADER and SUSTAIN 6 study protocols.

A subsequent SUSTAIN 6 post hoc analysis suggests that the

increased risk of DR with semaglutide may not be an agent-specific

effect, but rather, attributable to the rapidity and magnitude of HbA1c

reduction during the first 16 weeks of treatment in patients with pre-

existing DR and poor glycaemic control at baseline who were under-

going treatment with insulin (Table 2).26 Furthermore, it has been

hypothesized that the worsening of DR in the SUSTAIN 6 trial may be

accounted for, in part, by the inclusion of patients with advanced non-

proliferative or proliferative DR, in whom semaglutide may have trig-

gered neovascularization. However, there is no information available

from either in vitro or in vivo studies on the angiogenic effect of GLP-

1RA in the retina, and further investigation is required.42

Across the rest of the SUSTAIN Phase 3a clinical development

programme (SUSTAIN 1 to 5 and Japan-based trials) and in SUSTAIN

7, in which patients with sight-threatening DR were excluded, there

was no increase in DR adverse events in patients treated with sema-

glutide vs comparators.26,44 Furthermore, an assessment using the

Food and Drug Administration Adverse Event Reporting System has

shown no evidence that GLP-1RAs are associated with adverse events

suggestive of DR progression.45 A meta-analysis assessing the effects

of GLP-1RAs on DR showed that treatment with GLP-1RAs was not

associated with a significant increase in the incidence of retinopathy

(Mantel-Haenszel odds ratio, 0.92; 95% CI, 0.74-1.16;P = 0.49). How-

ever, this analysis did not evaluate early worsening of DR.46

In experimental animal models of early-stage DR, systemically and

locally administered GLP-1RAs prevented neurodegeneration of the

retina and protected from diabetes-related changes to the retina.47Ð49

Similarly, DPP4 inhibitors had a protective effect on retinal microvas-

culature and prevented neurodegeneration and vascular leakage in

the diabetic retina.50,51 This evidence for a direct beneficial effect of

GLP-1RAs on the retina supports the hypothesis that early worsening

of DR in the SUSTAIN 6 trial may be attributed to rapid improvement

in glucose control in insulin-treated patients with pre-existing retinop-

athy, rather than to direct retinal toxicity of GLP-1RAs.45,47Ð49

9 | EARLY WORSENING FOLLOWING
BARIATRIC SURGERY

The effect of bariatric surgery on DR and early worsening remains

debatable. Existing data support positive, neutral and negative effects

of bariatric surgery on DR.52 The potential risk factors for DR progres-

sion following bariatric surgery may include pre-operation DR sever-

ity, magnitude of post-surgery HbA1c reduction and, in some cases,

gender and ethnicity.53,54

Uncontrolled studies suggest that bariatric surgery may contrib-

ute to the worsening of pre-existing DR following surgery.53,55 A

meta-analysis of four non-randomized case studies (N = 148)

showed that, in patients with DR prior to surgery (n = 68),

57.4% ! 18.5% of patients experienced no change, 23.5%! 18.7%

experienced progression and 19.2%! 2.9% experienced an

improvement in DR. In patients without pre-operative DR (n = 80)

an average of 92.5%! 7.4% remained DR free, while 7.5%! 7.4%

progressed to DR. The odds ratio for DR progression in patients

with pre-operative DR compared to those without was 2.77 (95%

CI, 1.10 to 6.9; P = 0.03).55 However, data concerning the time
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Au-delà des TCA recensés par le DSM-V, les (jeunes) patients DT1 présentent fréquemment 
des comportements alimentaires problématiques (disturbed eating behaviors, DEB). 

Ils renvoient à la présence d’au moins un symptôme en lien avec l’alimentation dans le dernier mois :
• régimes restrictifs
• jeûne
• activité physique excessive
• « orgies » alimentaires après hypoglycémie
• omission des injections d’insuline à visée compensatoire +++
• …

:*;0)(< =>&()&"*+&-."/()(0 '"?(&12285@373A4B9B1

La prévalence des comportements alimentaires problématiques
est très élevée chez les adolescents et jeunes adultes DT1 

(20 à 50% chez les filles, 5 à 25% chez les garçons)
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whom it promotes insulin sensitisation and weight loss, 
stimulates ovulation, and regulates menstruation.70,71

Promising e!ects on weight were reported for 
GLP-1 receptor agonists  in people with type 1 diabetes. In 
particular, liraglutide was studied as adjunct therapy in 
type 1 diabetes, with the ADJUNCT studies72–74 reporting 
a dose-dependent weight loss in people with type 1 
diabetes (table 1). Importantly, weight loss associated with 
liraglutide use in people with overweight or obesity and 
type 1 diabetes was caused by a reduction in fat mass, 
with no change in lean mass.75 Nonetheless, there was a 
small increase in symptomatic hypoglycaemia, but rates 
of severe hypoglycaemia were not increased, although the 
number of events was too low to draw firm conclusions.

The only regulatory approved adjunct therapy for 
glucose control in people with type 1 diabetes in the USA 
is pramlintide, a synthetic analogue of human amylin, 
a hormone co-secreted with insulin by the pancreatic 
" cells, which delays gastric emptying, suppresses 
glucagon secretion, and reduces food intake. If taken with 
insulin, pramlintide reduces HbA1c, daily insulin doses, 
and postprandial glucose concentrations.76 In a 1-year 
RCT that tested the safety and e#cacy of pramlintide in 
people with type 1 diabetes, it was also found to have a 
modest e!ect on weight, with people using pramlintide 
averaging a 0·4 kg reduction in bodyweight, a significant 
di!erence compared with an average 0·8 kg increase 
in the placebo group.76 In addition to some issues of 
tolerability (nausea and vomiting), use of pramlintide 
was associated with 4 times the increased risk of severe 
hypoglycaemia.76 However, frequency of injections and 
cost are the biggest factors limiting its widespread use in 
people living with type 1 diabetes.76,77

SGLT inhibitors control weight gain in people with 
type 1 diabetes without compromising glycaemic control, 
and have been approved in Europe and Japan for treating 
people with type 1 diabetes and overweight or obesity 
(table 2).77,78,80,82,83 Despite regulatory approval, safety con-
cerns and inadequate reimbursement have meant that 
SGLT inhibitors remain underused in clinical practice. It 
is important to design strategies to mitigate the risk of 
diabetic ketoacidosis associated with SGLT inhibitor use 
in people with type 1 diabetes.84,85 Further research on drug 
approaches to improve weight management in people 
with type 1 diabetes is crucial, but this population is 
frequently overlooked by industry and policy makers, 
because it represents only a small subset of the people 
living with obesity.

Bariatric surgery 
For many people with type 1 diabetes, reversing obesity 
through diet, exercise, or adjunct therapies has proven to 
be an impossible task, and bariatric surgery has been 
proposed as a solution (figure 4). A small retrospective 
study of 22 people in Belgium with type 1 diabetes 
who previously had bariatric surgery revealed a consistent 
decrease in BMI and insulin dose requirements, but no 

improvement in glycaemic control.86 A retrospective study 
of 61 people with type 1 diabetes in Abu Dhabi, found a 
median reduction in BMI of 9·2 kg/m$ (95% CI 5·8–10·8) 

at 6 months and 11·4 kg/m% (9·2–13·1) at 12 months, 
accompanied by a reduction in HbA1c from 8·6% 
(7·8–9·2) to 7·8% (7·2–8·5), with only three reported 
cases of diabetic ketoacidosis.87 A Swedish observational 
study in people with type 1 diabetes compared 387 people 
who had Roux-en-Y Gastric Bypass versus a control group 
of 387 people with obesity, matched for age, sex, BMI, 
and calendar year of surgery.88 The authors saw a lower 
risk of cardiovascular disease (hazard ratio [HR] 0·43 
[0·20–0·9]), cardiovascular death (0·15 [0·03–0·68]), and 
stroke (0·18 [0·04–0·82]) for the bypass group, but no 
improvement in glycaemic control and a higher risk for 
hyperglycaemic events (1·99 [1·07–3·72]) and substance 
misuse (3·71 [1·03–3·29]), compared with the control 
group.88 Other studies87,89 yielded similar results, but all 
studies em phasised that although short-term results 
of bariatric surgery in people with type 1 diabetes are 
encouraging, larger and longer-term studies are needed.89 
However, large-scale prospective trials are di#cult to do 
in this patient group, because bariatric surgery is not 
often done in people with type 1 diabetes so, for studies to 
include su#cient numbers, international collaboration is 
needed.

Conclusion and next steps 
The rates of overweight or obesity in the type 1 
diabetes population are higher than previously thought 
and increasing. One of the challenges for people living 
with type 1 diabetes is to simultaneously achieve 
glycaemic and weight control, which is di#cult because 
intensification of insulin therapy is believed to be the 
biggest driver of weight gain. Overall, the drivers and 
the burden of over weight or obesity in people living 
with type 1 diabetes remain largely understudied. As a 
starting point, an e!ort should be made to better grasp 
the exact prevalence in people living with type 1 diabetes 
of atypical or excessive accumulation of body fat that 
eventually leads to overweight and obesity. First, further 
studies should be done to compare the evolution of fat 

Figure !: Advantages and disadvantages of bariatric surgery in people living with type 1 diabetes
Schematic overview of key benefits (green) and disadvantages (blue) of bariatric surgery.

• Increased risk of
   hypoglycaemia
• Increased risk of
   diabetic
   ketoacidosis (?)
• Nutrient deficiency
• Complications of
   surgery

Person living with obesity

Bariatric surgery • Weight loss
• Improved HbA1c (?)
• Reduction of insulin 
   dose requirements
• Decreased risk of
   cardiovascular
   disease

> SG > RYGBP ? (moindre variabilité de l’absorption des glucides)
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> Décision individuelle, au cas par cas, sans attendre de résultats ‘miraculeux’ sur les glycémies
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