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Obesity in people living with type 1 diabetes
Bart Van der Schueren, Darcy Ellis, Raquel N Faradji, Eeba Al-Ozairi, Jonathan Rosen, Chantal Mathieu

Although type 1 diabetes is traditionally considered a disease of lean people, overweight and obesity are becoming 
increasingly more common in individuals with type 1 diabetes. Non-physiological insulin replacement that causes 
peripheral hyperinsulinaemia, insulin profiles that do not match basal and mealtime insulin needs, defensive 
snacking to avoid hypoglycaemia, or a combination of these, are believed to affect body composition and drive 
excessive accumulation of body fat in people with type 1 diabetes. The consequences of overweight or obesity in 
people with type 1 diabetes are of particular concern, as they increase the risk of both diabetes-related and obesity-
related complications, including cardiovascular disease, stroke, and various types of cancer. In this Review, we 
summarise the current understanding of the aetiology and consequences of excessive bodyweight in people with 
type 1 diabetes and highlight the need to optimise future prevention and treatment strategies in this population.

Introduction
Since the discovery of insulin 100 years ago, pharmaco
logical and technological progress has greatly improved 
the daily clinical care for people with type 1 diabetes. 
Nonetheless, achieving glycaemic control remains chal
lenging, and requires thorough food literacy and daily 
efforts to match food intake with insulin requirements. 
Therefore, how the ongoing global obesity pandemic 
affects people with type 1 diabetes requires extensive 
research, because overweight and obesity are known to 
have deleterious effects on numerous health outcomes.1 
The causes of weight gain in people with type 1 diabetes 
are thought to be primarily related to exogenous insulin 
replacement therapy, which (despite continuous progress) 
remains unphysiological. Therefore, weight management 
strategies in people living with type 1 diabetes involve 
specific challenges and require additional counselling and 
education, yet can still be an effective way to avoid excessive 
weight gain in people with type 1 diabetes. GLP1 receptor 
agonists and SGLT inhibitors have clear benefits for weight 
management in people with type 2 diabetes and have also 
proved to be helpful in people with type 1 diabetes, yet 
remain underused. In the following section, we summarise 
current knowledge about weight management in people 
with type 1 diabetes. 

A global trend 
The increase in prevalence of overweight and obesity in 
the general population is well documented, and clear 
patterns have emerged about which subpopulations (in 
terms of age, sex, social class, race or ethnic background, 
and lifestyle) are worst affected.2 These patterns are much 
less studied for people with type 1 diabetes, because the 
(fortunately now rare) catabolic state of poorly controlled 
type 1 diabetes tended to lead to weight loss rather than 
weight gain. 

In established type 1 diabetes, there are large dis
parities globally in the prevalence of overweight 
(BMI 25–29·9 kg/m²) and obesity (BMI ≥30 kg/m²). In 
addition, relevant studies have not used an adequate 
control group of general population members matched 
for age, sex, smoking habits, social status, use of con
comitant medication, and presence of comorbidities. In 

Austria, the prevalence of overweight and obesity in a 
small cohort of adults (n=186) with type 1 diabetes 
was similar to that of the overall population, but among 
participants aged 30–49 years, BMI was significantly 
higher in people with type 1 diabetes than in those without 
(mean BMI 26·7 kg/m² [SD 4·4] vs 24·8 kg/m² [4·3]; 
corrected p<0·001).3 In Belgium, a study published in 
2021 reported that prevalence of overweight and obesity in 
a large cohort of 89 834 people with type 1 diabetes 
(aged 1–80 years) was similar to that of the general 
population and had remained stable during the past 
decade.4 By contrast with Europe, data from RENACED
DT1, a national type 1 diabetes registry initiative in 
Mexico, showed that, among people with type 1 diabetes, 
34·3% had overweight and 8·1% had obesity.5 The 
prevalences of overweight and obesity in people with 
type 1 diabetes were markedly lower than for the general 
population, because Mexico has one of the highest rates of 
overweight and obesity of all Organisation for Economic 
Cooperation and Development countries.6 In the USA, 
where obesity is also a major public health concern, its 
prevalence remains markedly lower in people with type 1 
diabetes compared with the general population.7 In the 
T1D Exchange Registry US study,7 among adults with 
type 1 diabetes, 29% had overweight and 20% had obesity. 

The reasons for disparities in global prevalence of over
weight and obesity in people with type 1 diabetes remain 
elusive, but could be related to challenges of cost and 
accessibility in obtaining appropriate diabetes care in 
some countries. The exist ence of these disparities should 
not justify complacency, because there is clear evidence 
that the increasing rates of overweight and obesity will 
not spare people with type 1 diabetes, as detailed in the 
following section. 

First, there is a reported high prevalence of overweight 
and obesity among children and adolescents with type 1 
diabetes. The SEARCH for Diabetes in Youth study8 

found that, of children and adolescents (aged 3–19 years) 
in the USA with type 1 diabetes, 22·1% had overweight, 
compared with only 16·1% of their peers without type 1 
diabetes, and 12·6% had obesity compared with 16·9%. 
A study of 5529 adolescents9 (aged 13–18 years) within 
the T1D Exchange registry of people with type 1 diabetes 

http://crossmark.crossref.org/dialog/?doi=10.1016/S2213-8587(21)00246-1&domain=pdf


2 www.thelancet.com/diabetes-endocrinology   Published online September 30, 2021   https://doi.org/10.1016/S2213-8587(21)00246-1

Review

in the USA revealed a similar or slightly higher incidence 
of overweight (22·9%) and obesity (13·1%), compared 
with SEARCH. Within the type 1 diabetes subgroup, 
female sex, older age, annual household income below 
US$35 000 (vs ≥$200 000), and highest parental edu
cational attainment being high school (vs graduate degree 
or higher), was associated with an increased prevalence 
of overweight and obesity, which suggests similar risk 
factors to those seen in the general population. Another 
study assessed BMI Zscores (BMIz) of children and 
adolescents (aged 2–18 years) from the T1D Exchange 
registry (USA) and from the Diabetes Prospective Follow
up registry (Germany and Austria), and found that 
recorded median BMIz values were higher for people in 
both registries than for people in the general population 
using either international rates of obesity developed 
by WHO or the country’s national frequency.10 Global 
data from the international SWEET registry (55 paediatric 
diabetes centres from all continents and more than 
30 000 people) reported overweight and obesity preva
lence in children and adolescents (aged 2–18 years) with 
type 1 diabetes to be 27·2% for girls and 22·3% for 
boys.9–11

Second, drastic weight gain after diagnosis of 
type 1 diabetes in childhood has also been reported. 
For example, the Pittsburgh Epidemiology of Diabetes 
Complications study12 revealed that the prevalence 
of overweight increased from 29% to 42%, and the 
prevalence of obesity increased from 3% to 23%, in 
people older than 18 years with type 1 diabetes. The 
study authors suggested that weight gain in this group 
could not be explained by ageing or lifestyle alone, 
and instead proposed that it was a result of insulin 
replacement therapy. 

Although the prevalence of overweight and obesity in 
people living with type 1 diabetes shows remarkable 
differences between regions globally, further studies 
should compare the evolution of fat disposition between 
people with type 1 diabetes and matched peers across 
their entire lifespans. The absence of such studies is 
regrettable, because they might hold the key to a better 
understanding of the drivers and consequences of the 
combination of those two chronic diseases, and thus 
prevent, treat, or even cure them. 

A bidirectional relationship 
Not only is it becoming increasingly clear that insulin 
treatment in people living with type 1 diabetes affects 
body composition and can have a role in excessive fat 
disposition, which then presents a risk to health, there is 
also growing concern that type 1 diabetes is increasingly 
likely to develop in people with overweight and obesity. 
The accelerator hypothesis proposes that the distinction 
between type 1 and type 2 diabetes is blurred, with weight 
gain being a consistent key trigger for both diseases.13,14 
Some data suggest that a family history of type 2 diabetes 
is increased in people with type 1 diabetes, in particular 

in people who are not White.15 This would suggest that 
the predisposition for type 1 and type 2 diabetes becomes 
overt when weight increases. However, because data on 
BMI at onset of type 1 diabetes appear to differ between 
global regions, it is hard to reach final conclusions on the 
validity of this hypothesis.16,17

Wilkin18 based his accelerator hypothesis primarily on a 
small cohort of 168 young people (aged 1·1–15·7 years) 
presenting with type 1 diabetes between 1980 and 2002. At 
diagnosis, the mean height, weight, and standardised 
BMI (BMI SDS) were all close to the population mean. 
There was an inverse relationship between age at type 1 
diabetes diagnosis and BMI SDS 6 months after diag nosis 
(r=−0·30; p<0·0010), suggesting that children with higher 
BMI developed diabetes earlier or were diagnosed earlier 
than children with lower BMI. This inverse relationship 
was confirmed in a cohort of German and Austrian 
children and young adults (aged 0–20 years),16 whereas 
a positive relationship between BMI SDS and age at 
diagnosis of type 1 diabetes was found in Catalan children 
(aged <16 years, n=3534).17 However, after diagnosis of 
type 1 diabetes, increased bodyweight and increased 
insulin demand were associated with more rapid disease 
progression.18 Mechanistically, there are arguments to 
support a negative influence of overweight or obesity 
on the pathophysiology of type 1 diabetes, owing to the 
negative influence of high fatty acid and high glucose 
concentrations on the health of β cells, making these 
cells increasingly susceptible to attack by the immune 
system.19,20

Drivers of weight gain in type 1 diabetes
Figure 1 shows drivers of overweight and obesity in 
people living with type 1 diabetes. Although there is no 
debate about the benefit of tight glucose control for 
the prevention of complications in this population, the 
intensification of insulin therapy required to achieve 
stringent glucose control often comes at the cost of 
weight gain.21–24 Ample evidence suggests that weight 
gain in all forms of diabetes is largely a result of 
intensive insulin therapy itself, with numerous studies 
supporting an association between weight gain and 
intensification of insulin therapy in people with both 
types of diabetes.21–24 In the Diabetes Control and 
Complications Trial (DCCT),24 in which individuals were 
randomly assigned to inten sive (HbA1c 6·7–7·2%) or 
conventional therapy (HbA1c 8·7–9·2%), during the first 
year, people in the intensive group gained significantly 
more weight than in the conventional group (5·1 kg 
[SD 4·6] vs 2·4 kg [3·7]; p<0·0001). Higher baseline 
HbA1c concentrations and greater decrements in HbA1c 
during intensive therapy were both associated with a 
greater increase in BMI.24 Intensively treated individuals 
with at least one severe hypoglycaemic episode also 
gained more weight than the intensively treated people 
with no severe hypo glycaemic episodes. Interestingly, 
there was no relation ship between reported caloric 
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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 insulininduced weight gain is that people with 
type 1 diabetes administer insulin peripherally, thereby 
by passing effects on the liver and potentially causing 
hyperinsulinaemia and fat accumulation in peripheral 
tissues.32–34 Development of increasingly liverspecific 
insulins should alleviate the imbalance between peri
pheral and hepatic insulin, and has benefits in weight 
management.25 Some trials and realworld 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 halflife, it also creates a larger species that 
more easily crosses the fenestrated capillaries of the 
liver, which improves the skewed ratio of hepatic
toperipheral insulin distribution.26 However, some 
hepaticspecific 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 effective 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 insulininduced weight 
gain have been proposed, including alterations to the 
growth hormone or IGF1 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 
highquality, prospective, randomised, controlled trials 
(RCTs) on this. However, one retrospective study that 
compared continuous subcutaneous insulin infusion 
versus multiple daily insulin injections during a 10year 
study period found no difference 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, closedloop, 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 1: 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 longterm 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 longterm complications 
of type 1 diabetes,21–23 the consequential sideeffect of 
increased bodyweight is almost guaranteed to bring about 
additional health problems. Longterm 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 selfharming behaviours.41 Although 
com prehensive longitudinal data in people with type 1 
diabetes are currently nonexistent to the best of our 
knowledge, it is reasonable to assume the effects of 
overweight and obesity will also affect 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 effects 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 difficult 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 weightmatched 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 euglycaemichyper
insulinaemic clamps is invasive and costly and thus not 
easily done in large cohorts. A largescale metaanalysis of 
38 studies that all used euglycaemichyperinsulinaemic 
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, 
weightmatched controls.46 The metaanalysis46 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 differs 
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 2: 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
requirements

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

Obesity-associated insulin
resistance43–48
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with type 1 diabetes (mean age 45·2 [SD 9·2] years; mean 
duration of diabetes 22·6 [7·8] years), in which a positive 
correlation between insulin resistance and coronary 
artery calcification was seen.47 In any case, cardiovascular 
disease remains the primary cause of mortality in adults 
living with type 1 diabetes, which might be related to 
insulin resistance.50 Diet and exercise can improve insulin 
resistance, and although this is better studied in people 
with type 2 diabetes—in whom only a small change in 
weight, or increase in exercise, or both, is beneficial—it 
is possible that a similar effect also exists in people 
with type 1 diabetes, which is emphasised in position 
statements that clearly emphasise the benefit of exercise 
and weight loss in people with type 1 diabetes.51,52 In 
addition, metformin as an adjunct therapy also positively 
affects insulin resistance in type 1 diabetes, which is 
further elaborated in the treatments section that follows.

Finally, weight gain can also negatively affect compliance 
with insulin treatment and thereby glycaemic control. 
Some people living with type 1 diabetes underdose insulin 
to achieve weight loss, increasing the risk of acute diabetic 
ketoacidosis events, and longterm complications of 
diabetes. Based on the available evidence, rates of insulin 
nonadherence in people living with type 1 diabetes range 
from 44% to 77% globally, and are typically higher in 
lowincome and middleincome countries.53 There are 
numerous reasons for an individual to waiver in their 
commitment to an insulin regimen (eg, burdensome 
and onerous insulin replacement therapy regimens, or 
inadequate education), but one of the main reasons for 
omitting insulin therapy is to avoid weight gain. A US 
study of 341 girls and women (aged 13–60 years) with 
type 1 diabetes found that 31% intentionally omitted 
insulin treatment, with 9% reporting that this was a 
frequent occurrence, and half of the omitters stating it 
was for weight management purposes.54

Preventing and treating excessive weight gain 
in people living with type 1 diabetes 
As type 2 diabetes encompasses the majority of diabetes 
cases, and the incidence of overweight or obesity is 
higher in the type 2 than type 1 diabetes population, 
many weight management strategies for people living 
with diabetes have mostly been trialled and implemented 
in people living with this condition (figure 3).55 Whether 
or not these same treatment strategies are effective, 
or even safe, for people living with type 1 diabetes is 
unknown, and all approaches to weight loss present 
specific difficulties (eg, hypoglycaemia when fasting, 
cutting carbohydrates, or during exercise) for people 
living with type 1 diabetes.56 

Lifestyle and behavioural modifications
The treatment of obesity involves a multidisciplinary 
approach that also includes lifestyle and behavioural 
modifications (ie, diet and physical activity). Physical 
activity can help not only with weight management, but 

can also reduce cardiovascular disease risk and mortality, 
improve the lipid profile, and improve mental health 
outcomes.57,58 Physical activity also improves insulin 
sensitivity in people living with type 2 dia betes, there
by reducing insulin dose requirements and limiting 
insulinassociated weight gain. However, physical activ
ity in the type 1 diabetes population is associated with 
an increased risk of hypoglycaemia, which probably 
contributes to fewer than 5% of adolescents with type 1 
diabetes achieving the paediatric clinical guidelines 
for physical activity.59 A multicentre pilot RCT is 
investigating the efficacy and costeffectiveness of an 
education programme provided to people with type 1 
diabetes to facilitate safe and effective exercise (registered 
as ISRCTN61403534 and ongoing).60 Advances in 
hybrid, closedloop, artificial pancreas systems might 
enable safer exercise by avoiding hypoglycaemia through 
providing a better match between glucose concentrations 
and insulin administration. 

Other lifestyle interventions include dietary modifi
cations.61 In the DiRECT trial,62 almost half of the 
participants with type 2 diabetes achieved remission to 
a nondiabetic state without antidiabetic drugs after a low 
calory diet consisting of a total diet replacement phase of 
up to 5 months (825–853 kcal/day formula diet), followed 
by a structured foodreintroduction phase.62 Even in 
people with type 2 diabetes, such diets are not widely 
used and complying with them is difficult. However, 
owing to a paucity of goodquality RCTs in type 1 diabetes, 
it is unclear whether ketogenic diets are a safe option for 
people with this condition.63 An observational study on a 
cohort of 11 people with type 1 diabetes on continuous 
glucose monitoring suggested that a highfat ketogenic 
diet might reduce glycaemic variability, albeit at the 
expense of an increased risk of hypoglycaemia.63 

One of the most effective strategies for preventing 
weight gain in people with type 1 diabetes is likely to be 
the provision of additional education regarding nutrition, 
which allows for increasingly accurate tailoring of insu
lin doses to concentrations that mimic physiological 

Figure 3: Schematic overview of issues associated with various approaches to 
weight management in people with type 1 diabetes 
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concentrations, enabling insulin to be administered with 
maximum efficiency. For example, despite that the fact 
that intensive insulin therapy can promote weight gain in 
people living with either type 1 diabetes or type 2 diabetes, 
in one small study (n=16), participants on intensive insulin 
treatment improved glycaemic control and reduced daily 
insulin dose requirements while avoiding weight gain.64 
This outcome was made possible by providing additional 
education to participants, enabling them to increasingly 
accurately count carbohydrates and finetune their basal 
and prandial insulin concentrations. This study64 suggested 
that improved carbohydratecounting in combination with 
intensive insulin therapy might be an effective strategy for 
improving glycaemic control and managing weight gain in 
type 1 diabetes. However, this approach probably varies 
between individuals and the financial resources needed 
to adequately educate patients on the basis of their 
lifestyle are not currently available. Although this study64 
was small and resource availability is an impediment to 
wider applicability, it did suggest that optimising insulin 
management should focus on redistribution of insulin to 
the recommended 50% basal–50% prandial ratio, with 
careful attention to accurate insulin dosing for carbo
hydrate intake, rather than just on increasing the total 
insulin dose.

Pharmacological agents as adjunct therapies
A promising means of weight management in people 
with type 1 diabetes is the use of adjunct therapies to 
reduce the insulin dose needed for maintaining tight 
glycaemic control, through the improvement of insulin 
sensitivity (metformin), delay of gastric emptying 
(pramlintide), suppression of glucagon and appetite 
(pramlintide), incretinbased effects (GLP1 receptor 
agonists), or glucosuria (SGLT inhibitors). Although 
these therapies have been designed with the goal of 
improving glycaemic control, they have also shown 
weight management benefits.65,66

Metformin has been the most widely studied adjunct 
therapy in clinical trials for insulin. The REMOVAL 
study67 in people with type 1 diabetes studied the effect of 
metformin on carotid intima media thickness, a surrogate 
for cardiovascular disease, and confirmed a statistically 
significant effect on weight change (–1·17 kg; 95% CI 
–1·66 to –0·69; p<0·0001), although it did not reach its 
primary endpoint for carotid intima media thickness. 
Although realworld evidence suggests that the observed 
effect on weight loss is transient,66–69 metformin is still 
used as an adjunct therapy in adolescents with overweight 
and type 1 diabetes, on the basis that it is of use in girls 
(aged 8–18 years) with polycystic ovary syndrome, for 

ADJUNCT-ONE73 (n=1398; 52 week follow-up; randomisation 3:1) ADJUNCT-TWO74 (n=835; 26 week follow-up; randomisation 3:1)

Liraglutide 1·8 mg Liraglutide 1·2 mg Liraglutide 0·6 mg Liraglutide 1·8 mg Liraglutide 1·2 mg Liraglutide 0·6 mg Placebo

Mean effect on body 
weight, kg

–4·90 (–5·70 to –4·20) –3·60 (–4·30 to –2·80) –2·20 (–2·90 to –1·50) –5·10 vs baseline* –4·00 vs baseline* –2·50 vs baseline* –0·20 vs 
baseline*

Mean effect on 
HbA1c

–0·20% (–0·32 to –0·07) –0·15% (–0·27 to –0·03) –0·09% (–0·21 to 0·03) –0·35% (–0·50 to –0·20) –0·23% (–0·38 to –0·08) –0·24% (–0·39 to –0·10) NA

Estimated treatment 
ratio for effect on 
insulin dosage

0·92 (0·88 to 0·96) 0·95 (0·91 to 0·99) 1·00 (0·96 to 1·04) 0·90% (0·86 to 0·93) 0·93% (0·90 to 0·96) 0·95% (0·92 to 0·99) NA

Estimated treatment 
ratio for symptomatic 
hypoglycaemic events 

1·31 (1·07 to 1·59) 1·27 (1·03 to 1·55) 1·17 (0·97 to 1·43) NS 1·33 (1·07 to 1·67) NS NA

Data are mean (95% CI) or estimated treatment ratio (95% CI) for comparison against placebo, unless otherwise stated. NA=not applicable. NS=not significant versus placebo (actual p value not reported). 
Symptomatic hypoglycaemic events are typical symptoms of hypoglycaemia plus a measured plasma glucose concentration ≤70 mg/dL. *p<0·0001.  

Table 1: GLP-1 receptor agonist liraglutide as adjunct therapy in people living with type 1 diabetes

Pooled analysis of DEPICT-1 and DEPICT-2 studies78 Phase 3 trial79 (n=175) Pooled analysis of Tandem180 and Tandem281 (n=1575)

Dapagliflozin 5 mg/day 
(n=548)*

Dapagliflozin 10 mg/day 
(n=566)

Placebo Ipragliflozin 50 mg/day Sotagliflozin 200 mg/day Sotagliflozin 400 mg/day Placebo

Effect on bodyweight –3·11% (–3·61 to –2·62) –3·71% (–4·20 to –3·22) NA –2·87 kg (–3·58 to –2·16) –2·17% (–2·54 to –1·80) –3·02% (–3·39 to –2·65) NA

Effect on HbA1c –0·41% (–0·48 to –0·31) –0·43% (–0·52 to 0·34) NA –0·36% (–0·57 to –0·14) –0·36% (–0·44 to –0·29) –0·38% (–0·45 to –0·31) NA

Effect on insulin 
dosage

–9·57% (–12·01 to –7·07) –11·75% (–14·13 to –9·30) NA –7·35 IU (–9·09 to –5·61) 7·10 % (SE 1·30); p<0·001 vs 
placebo at 52 weeks 

–10·33 % (SE 1·30); 
p<0·001 vs placebo at 
52 weeks 

NA

Adverse events: 
diabetic ketoacidosis†

2·00% 1·90% 0·60% No diabetic ketoacidosis 
reported in either group

2·90 % 3·80 % 0·20 %

Data are mean (95% CI) for comparison with placebo at 24 weeks, unless otherwise stated. Dapagliflozin is an SGLT2 inhibitor approved for use in Europe and Japan. Ipragliflozin is an SGLT2 inhibitor approved 
for use in Japan. Sotagliflozin is a dual SGLT1/2 inhibitor approved by the European Medicines Agency. NA=not applicable. IU=international units. *p<0·0001. †Other adverse events were not reported 
consistently between studies. 

Table 2: Approved SGLT inhibitors as adjunct therapy in people living with type 1 diabetes
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whom it promotes insulin sensitisation and weight loss, 
stimulates ovulation, and regulates menstruation.70,71

Promising effects on weight were reported for 
GLP1 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 dosedependent 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 cosecreted with insulin by the pancreatic 
β 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 1year 
RCT that tested the safety and efficacy of pramlintide in 
people with type 1 diabetes, it was also found to have a 
modest effect on weight, with people using pramlintide 
averaging a 0·4 kg reduction in bodyweight, a significant 
difference 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/m² (95% CI 5·8–10·8) 

at 6 months and 11·4 kg/m² (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 RouxenY 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 shortterm results 
of bariatric surgery in people with type 1 diabetes are 
encouraging, larger and longerterm studies are needed.89 
However, largescale prospective trials are difficult to do 
in this patient group, because bariatric surgery is not 
often done in people with type 1 diabetes so, for studies to 
include sufficient 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 difficult 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 effort 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 4: 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.
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disposition between people with type 1 diabetes and 
matched peers across their entire lifespans. This would 
enable assessment of whether the nature and health 
effects of atypical fat accumulation differ between 
people living with type 1 diabetes versus their peers. 
Second, new treatments and technologies should focus 
not only on improving glucose control, but also 
on easing weight management in people living with 
type 1 diabetes. The development of hepaticpreferential 
insulins holds some promise, but better education and 
support for people with regard to matching insulin 
doses to food intake and exercise could already go a long 
way to help people with type 1 diabetes to manage their 
weight. Adjunct therapies that can improve glycaemic 
control through insulinindependent pathways should 
also be further explored. In terms of consequences, 
additional research is warranted to assess the exact 
magnitude of the deleterious effects on the overall 
health of people suffering from both overweight or 
obesity and type 1 diabetes. The existing evidence 
already indicates that undesired weight gain is a reason 
for concern in treating people living with type 1 diabetes, 
but there is a paucity of goodquality data. 

This Review is part of a larger effort to draw attention 
to the topic of weight management in people living with 
type 1 diabetes. We hope it will foster further research, 
because only knowledge will enable to us to improve 
clinical care for people with type 1 diabetes. Increased 
knowledge will also help in the development of evidence
based consensus guidelines to help clinicians in their 
daily practice.
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