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ABSTRACT

The glucagon-like peptide-1 receptor agonists (GLP-1RAs) are established
for the treatment of type 2 diabetes but are not currently recommended for
the treatment of people with type 1 diabetes. However, during the last
decade experience has been collected regarding addition of a GLP-1 RA
to insulin in patients with type 1 diabetes, both from clinical trials and off-
label use. Several retrospective as well as prospective observational studies
without a control group have been published. Only very few placebo-
controlled, randomized studies have been presented. The present narrative
review assesses the efficacy and safety of the different GLP-1 RAs and the
dual GLP-1/ glucose-dependent insulinotropic polypeptide (GIP) agonist
tirzepatide on glycaemic control, body weight, dose of insulin and adverse
events in people with type 1 diabetes.

The reduction in HbA1c has in most studies been absent or minimal (0-0.3%
(3.3 mmol/mol)), partly explained by a concomitant significant reduction in
dose of insulin. The reduction in body weight has been in the range of 2-7
kg. The most pronounced reduction in body weight and dose of insulin has
been obtained with semaglutide and tirzepatide. In the two largest placebo-
controlled, randomized studies infrequent increases in hyperglycaemia with
ketosis and hypoglycaemia were registered. The only identified clinical
variable impacting the effect of GLP-1 RAs on HbA1lc and dose of insulin
has been residual beta-cell function. Treatment with GLP-1 based therapy
was associated with more gastrointestinal adverse events. The outcomes of
the studies depended on the different GLP-1 RAs applied, the intervention
time and the residual beta-cell function.

Thus, combination therapy is of interest in relation to weight loss in people
with obesity and type 1 diabetes, and in newly diagnosed patients with
residual beta-cell function aiming at prolonging remission period. More well-
designed studies of high quality are of required to better identify the
subgroups, who will benefit most from adding GLP-1 based therapy to
insulin in people with type 1 diabetes.

Keywords: type 1 diabetes, GLP-1 receptor agonist, liraglutide,
semaglutide, tirzepatide, glycaemic control, body weight, dose of insulin,
adverse events.
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The rationale behind treatment with GLP-

receptor agonists in type 1 diabetes.

More than 50% of people with type 1 diabetes are
overweight or obese, which is associated with metabolic
and cardiovascular complications and reduced life
expectancy compared with the general population 1.
Obesity is also associated with insulin resistance and need
for higher daily dose of insulin 2. Treatment with basal-
bolus insulin regime or continuous subcutaneous insulin
infusion in combination with a glucose sensor s
recommended in most patients fo achieve the best
possible glycaemic control for reducing late diabetic
complications. However, for many people with type 1
diabetes adequate glucose regulation control is very
demanding, and often leads to risk of hypoglycaemia
and weight gain.

The glucagon-like peptide-1 receptor agonists (GLP-
1RAs) are now established agents for treatment of type
2 diabetes and protection against cardiovascular events
and kidney disease, but they are not currently
recommended for the treatment of people with type 1
diabetes 3. However, during the last decade experience
has been gained from both clinical trials and off-label
use regarding addition of a GLP-1 receptor agonist for
the therapy of patients with type 1 diabetes

GLP-1 is one of the incretin hormones secreted from the
L-cells in the gut epithelium after food intake 4. It has
pleiotropic effects as it potentiates glucose-induced
insulin secretion and suppresses glucagon release, inhibits
gastric emptying, and reduces appetite resulting in
weight loss 4. The delay of gastric emptying may in theory
reduce postprandial glucose fluctuations. GLP-1 also has
anti-inflammatory effects 3. The GLP-1 RAs differ in
efficacy with respect to their effect on HbAlc and body
weight in people with type 2 diabetes: albiglutide<
exenatide< dulaglutide< liraglutide< semaglutide<
tirzepatide 3. Exenatide has the shortest half-life and is
administered twice-daily, followed by liraglutide once-
daily, while albiglutide, dulaglutide, semaglutide and
tirzepatide are for once-weekly administration.
Exenatide is also available once weekly administration in
a depot formulation.

Type 1 diabetes is a disease in which pancreatic beta-
cell destruction caused by an autoimmune attack leads to
absolute insulin deficiency, requiring lifelong insulin
treatment 5. At diagnosis, most people with type 1
diabetes have a residual beta-cell function, but
corresponding to only 10-30% of the insulin production
seen in healthy individuals without diabetes 67, After
initiation of insulin  treatment and control of
hyperglycaemia, a short period of improvement of beta-
cell function (remission period) is often observed, and
insulin treatment can be paused in 10-20% of the patient
67, However, the destruction of the beta-cell continues
and after 3-5 years the beta-cell function is minimal or
absent ¢. Especially, in children the decline in beta-cell
function is very fast ¢. In a subgroup some beta-cell
function can be detected after 5-10 years duration of
diabetes ¢8-10, Residual beta-cell function is associated
with improved glycaemic control, lower insulin doses, less
risk of hypoglycaemia, ketoacidosis and late diabetic
complications 4'1. The loss of beta-cell function is
accompanied by in a defective regulation in glucagon

secretion with impaired glucagon secretion during
hypoglycaemia 1213, Consequently, treatments capable
of improving beta-cell function are warranted.

Notably, treatment with GLP-1 in experimental animal
models increased beta-cell proliferation and survival,
reduced rate of apoptosis, and delayed autoimmune
diabetes '4-17, Therefore, GLP-1 based therapy is of
potential interest in the treatment of people with type 1
diabetes with preserved beat-cell function and therefore
also in newly diagnosed people with diabetes.

In the present review the efficacy and safety of adding
a GLP-1 based agonist to insulin treatment in people with
type 1 diabetes will be discussed. Focus will be on
randomized, placebo-controlled trials. Further, the
review will focus on identifying subgroups of people with
type 1 diabetes where GLP-1 RA treatment might be of
special interest in the future. We have previously in
details discussed the effect of the native GLP-1 hormone
in people with type 1 diabetes 18.

Method

A systematic literature review was performed to identify
all relevant published articles concerning treatment of
people with type 1 diabetes with a GLP-1 RA or a GLP-
1/GIP dual agonist. We searched PubMed by combining
the terms “type 1 diabetes”, “T1D”, “T1DM”, “glucagon-
like peptide-1 receptor agonist”, “GLP-1 RA”, “glucagon-
like peptide-1”, “GLP-1", “albiglutide”, “exenatide”,
“byetta”, “bydureon”, “trulicity”, “dulaglutide”
liraglutide”, “victoza”, “semaglutide”, “ozempic”, “GLP-
1/GIP dual agonist”, “tirzepatide”. We also search the
reference lists of original articles, reviews and meta-
analysis focusing on treatment of type 1 diabetes with
GLP-1 RAs for relevant articles. We reviewed the
abstract programs for European Association of the Study
of Diabetes (EASD) and American Diabetes association
(ADA) during the last 5 years for relevant presentations.
The final search was perfomed in September 2024.
Endpoints of interest included: number of patients, HbAlc,
time in range (TIR), body mass index (BMI), baseline body
weight, weight loss, dose of insulin, hypoglycaemiq,
hyperglycaemia with ketosis, duration of study and
adverse events. The studies identified differ significantly
in quality of design, choice of GLP-1 based therapy,
duration of the trial, and insulin treatment (e.g. basal-
bolus regimen or subcutaneous insulin infusion pump
therapy). Therefore, we chose to write a narrative review
of the studies since it seems meaningless to perform a
meta-analysis because of the heterogeneity of trials. The
focus of the present review is primarily on randomized
clinical trials with placebo as a comparator, but also
retrospective studies without control groups are included,
especially in related to semaglutide and tirzepatide. The
literature review was performed by SMA, who also
extracted data and assessed the quality of the studies.
Only publications written in English were included in the
review.

Clinical trials with GLP-1 RAs in people

with type 1 diabetes
Effects of native GLP-1 in type 1 diabetes
In eleven fasting subjects with type 1 diabetes,

Creutzfeldt and co-workers found that a continuous
infusion of GLP-1 (1.2 pmol/kg,min) for 240 minutes

© 2024 European Society of Medicine 2



resulting in pharmacological plasma levels, reduced
hyperglycamia from 13.4 to 10 mmol /I and the glucagon
concentration by approximately 50%, whereas the insulin
levels was only slightly increased 9. During placebo
infusion plasma glucose did not change considerable
(from 14.4 mmol/I to 13.1 mmol/I).

We studied the effect of endogenous as well as
exogenously infused GLP-1 on postprandial glucose
metabolism in people with type 1 diabetes with and
without residual beta-cell function 20, We performed
infusion of GLP-1 and on another study day we blocked
the GLP-1 receptor with exendin 9-39 during a mixed
meal. Infusion of GLP-1 reduced peak plasma glucose in
both groups. In the group with residual beta-cell function
the glucose excursions did not differ from those of control
subjects without diabetes. GLP-1 reduced gastric
emptying and glucagon levels in patients both with and
without beta-cell function and increased C-peptide
secretion in the group with beta-cell function. Blocking the
GLP-1 receptor increased glucose excursions, glucagon
levels, and gastric emptying. Thus, acute GLP-1 infusion
regulates glucose metabolism by increasing endogenous
insulin secretion, inhibiting glucagon release, and
reducing rate of gastric emptying.

Liraglutide

Most studies in people with GLP-1 RAs in type 1 diabetes
have been performed with liraglutide 1.8 mg once daily.
In a small study without a control group liraglutide was
added to insulin therapy in C-peptide negative people
with type 1 diabetes (n=8) 21. After 24 weeks, mean
body weight was reduced by about 4.5 kg, HbAlc by
about 0.4% (4.4 mmol/mol) and basal insulin dose from
26 unit/day to 13 units/day and bolus insulin from 25 to
14 units/day.

In a retrospective study, 27 obese patients with type 1
diabetes were treated with liraglutide 1.8 mg once daily
for 180 days. Body weight was reduced from 96.2 kg to
91.6 kg 22, HbAlc was lowered from 7.9% (63
mmol /mol) to 7.5% (58 mmol/mol) and daily total and
bolus insulin doses were reduced from 73 to 60 units/day
and from 40 to 29 units/day, respectively. Systolic blood
pressure fell from 130 to 120 mmHg.

In a small 4-week trial including 10 people with type 1
diabetes and residual beta-cell function (mean stimulated
C-peptide 0.45 nmol/l) and 19 people with type 1
diabetes without residual beta-cell function, who were
randomized to treatment with or without liraglutide 1.8
mg 23. Insulin dose decreased from a mean of 0.50
units/kg/day to 0.31 units/kg/day in people with beta-
cell function and from 0.72 units/kg/day to 0.59
units/kg/day in in C-peptide negative patients treated
with liraglutide. Insulin dose did not change in people
treated only with insulin. HbAlc decreased in both
liraglutide treated groups. Patients treated with
liraglutide lost weight with a mean of 2.3 kg.

In a 12-week randomized, placebo-controlled, double-
blind trial, liraglutide 1.2 mg once daily was added to
insulin freatment in normal weight and poorly controlled
patients with type 1 diabetes and without residual beta-
cell function. Forty patients were randomized with a mean
HbAlc of 8.8% (72.5 mmol/mol) 24. Change in HbAlc

was - 0.6% (6.6 mmol/mol) with liraglutide and - 0.5%
(5.6 mmol/mol) with placebo. Change in body weight
was -3.1 kg and +1.2 kg, respectively, from about 75 kg
(mean: BMI 24 kg/m2). Mean basal insulin was 34
units/day and bolus insulin about 25 units /day. The bolus
insulin decreased by - 4 units/day vs 0.0 unit/day with
liraglutide and placebo, respectively. Mean blood
pressure decreased -2.6 by mmHg and - 0.8 mmHg,
respectively. More patients in the liraglutide group had
gastrointestinal adverse events and one patient only
tolerated 0.9 mg daily. Occurrence of hypoglycaemia
did not differ between groups.

In a sub-study it was demonstrated that liraglutide did
not inhibit glucagon secrefion and that the glycemic
recovery after hypoglycemia was not compromised 25. In
another study the counterregulatory hormone responses
during liraglutide treatment did not differ from those
obtained with placebo 26,

In the 24-week “LIRA-1 study”, liraglutide 1.8 mg once
daily was added to insulin therapy in overweight patients
with type 1 diabetes in a double-blind, placebo-
controlled design 2. Overall, 100 patients with type 1
diabetes (HbAlc 8.7% (71.7 mmol/mol), BMI 30.1
kg/m2, body weight 93.7 kg, duration of diabetes 23
years) were randomized. Doses of basal insulin were 32
units/day and bolus insulin 27 units/day. After 24 weeks
changes in HbAlc did not differ significantly between
groups (- 0.5% (5.5 mmol/mol) vs - 0.3% (3.3
mmol/mol)). The number of hypoglycemic episodes was
reduced by 18% with liraglutide, while glycaemic
variability did not differ between groups. Body weight
fell with liraglutide (-6.8 kg) but remain unchanged with
placebo. The insulin dose increased in both groups during
the study. Bolus insulin was 5.8 units/day and basal insulin
5.3 units/day lower in the liraglutide group compared
with placebo, but when adjusted for body weight the
insulin doses did not differ between groups. Postprandial
glucagon concentration and gastric emptying did not
differ between groups during a mixed meal. Pulse rate
increased (7.5 beats/min) and systolic blood pressure
decreased 6 mmHg with liraglutide compared to no
changes with placebo. Liraglutide was associated with
more nauseq, dyspepsia, diarrhea and vomiting.

The ADJUNCT ONE and TWO are the largest double-
blind, randomized studies performed in people with type
1 diabetes where liraglutide was added to insulin
treatment. In ADJUNCT ONE 1398 adults were
randomized to 0.6, 1.2 or 1.8 mg of liraglutide or
placebo for 52 weeks 28. Mean HbAlc was 8.2% (66
mmol/mol), insulin dose about 61 unit/day, duration of
diabetes 21 years, BMI 29.5 kg/m2 (body weight 86
kg). Placebo corrected reductions in HbA1c were 0.6 mg:
-0.09% (0.9 mmol/mol), 1.2 mg: -0.15% (1.6 mmol /mol)
and 1.8 mg: - 0.20% (2.2 mmol/mol). The corresponding
doses of primarily bolus insulin were reduced (estimated
ratios from start to end of treatment) with 1.2 mg: 0.95,
and with 1.8 mg: 0.92, but not with 0.6 mg: 1.0.

Body weight was dose-dependently reduced with all
liraglutide doses compared with placebo: -2.2 kg, -3.6
kg and -4.9 kg, respectively. Rates of symptomatic
hypoglycaemia increased with all doses of liraglutide,
and incidents of hyperglycaemia with ketosis (plasma
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glucose > 16.7 mmol/Il and plasma ketone > 1.5 mmol/I)
increased significantly for liraglutide 1.8 mg. In total
eight cases of diabetic ketoacidosis in the liraglutide
groups were registered compared with none in the
placebo group. Severe hypoglycaemia was not
recorded. The gastrointestinal adverse effect increased
dose-dependently and discontinuation of trial occurred in
4.9%, 12.6% and 14.7% of participants, respectively for
liraglutide compared with 3.4% with placebo. Registered
quality of life was higher with liraglutide. The authors
conclude that the results questioned the clinical usefulness
of GLP-1 RAs in people with type 1 diabetes.

In a subgroup analysis of 239 C-peptide positive subjects
the reduction in HbAlc for 1.8 mg and 1.2 mg was
(0.83% (9.1mmol/mol) and 0.71% (7.8 mmol/mol) was
greater than for C-peptide negative subjects. The C-
peptide positive subjects also had fewer events of
hypoglycaemia and hyperglycaemia with ketosis.

In ADJUNCT TWO 835 persons with type 1 diabetes
were randomized to 0.6 mg, 1.2 mg or 1.8mg liraglutide
added to an individual capped total daily dose of insulin
or placebo and followed for 26 weeks 29. Mean baseline
HbAlc 8.1% (65 mmol/mol) decreased significantly
versus placebo at week 26 (1.8 mg: - 033% (3.6
mmol /mol), 1.2 mg: -0.22 (2.4 mmol /mol), 0.6 mg: -0.23
(2.5 mmol/mol); placebo 0.01% (0.1 mmol/mol)). BMI
was 28.9 kg/m2 (body weight 84 kg), and liraglutide
reduced body weight by -5.1 kg, - 4.0 kg, and -2.5 kg,
respectively, versus — 0.2 kg for placebo. Total insulin
dose was 59 units/day before treatment and was
reduced at week 26 in the liraglutide groups, explained
primarily by a reduction in postprandial dose of insulin
by about — 3 to — 5.5 unit /day. There was a higher
number of symptomatic and documented symptomatic
hypoglycaemic episodes, but only with liraglutide 1.2 mg,
and no difference between groups with respect to severe
hypoglycaemia. More patients in the 1.8 mg group
obtained the composite endpoint of HbATc < 7.0 with no
severe hypoglycaemia. Hyperglycaemic episodes did
not differ between groups, but incidents of
hyperglycaemia with ketosis were more frequent in the
1.8 mg group compared with placebo.

The C-peptide positive group (n=125) showed an
improved treatment effect on HbAlc (1.8 mg: -0.77%
(8.4 mmol/mol)) compared with -0.27% (2.9 mmol/mol)
with placebo) and only one episode of hyperglycaemia
with ketosis was observed among the C-peptide positive
patients. The liraglutide group reported improved quality
of life compared with placebo. Thus, the results and
conclusions from ADJUNCT TWO were in accordance with
those of ADJUNCT ONE.

In a post hoc analysis of both ADJUNCT studies, treatment
effects of liraglutide were evaluated in the participants
divided according to HbAlc < or > 8.5% (69.4
mmol/mol), body mass index < or > 27 kg/m2, and
insulin regimen (basal bolus or continuous subcutaneous
insulin infusion) 30. For both trials the results recorded at
the week 26 follow-up, showed that neither the reduction
in HbA1c, body weight, nor the daily insulin dose differed
significantly in relation to baseline HbAlc or BMI. Also,
the risk of clinically significant hypoglycaemia, or
hyperglycaemia with ketosis did not differ according to

baseline HbAlc, BMI, or insulin regimen. The only
identified variable impacting the effect of liraglutide was
residual beta-cell function.

In a dedicated 26-week study, patients with overweight
and insufficient glycaemic control (n=44) were given
liraglutide 1.8 mg daily or placebo added to insulin
pump freatment in a randomized, double-blind, placebo-
controlled design 3'. HbA1c was reduced by - 0.5% (5.5
mmol/mol) from a baseline of 8.2% (66 mmol/mol) with
liraglutide compared to + 0.2% (2.3 mmol/mol) with
placebo. Body weight was reduced by 6.3 kg from 85
kg with liraglutide compared with placebo, where the
weight was stable. Liraglutide reduced insulin dose by 8
units/day, or 16% of total dose (48 unit/day). Primarily
bolus insulin was reduced, while no change was observed
with placebo, but the differences between groups
disappeared when adijusting for body weight. Time in
range (3.9-10 mmol/l) increased with liraglutide (57% vs
45% at week 26) compared with placebo. Risk of
hypoglycaemia and ketoacidosis did not differ between
groups. Systolic blood pressure decreased with 7 mmHg
with liraglutide while no changes were found with
placebo. More gastrointestinal adverse events were
registered with liraglutide compared with placebo.
Changes in treatment satisfaction increased more in the
liraglutide group.

In a secondary analysis fat mass was decreased by -4.6
kg and lean mass by -2.5 kg 32. Interestingly, energy
intake from added sugars decreased by 27%, while
intake of carbohydrate, protein and fat did not differ
between groups.

Preservation of residual beta-cell function has been an
aim in several studies. In a randomized, parallel-group,
placebo-controlled double dummy, double-blind trial,
adults with type 1 diabetes and a mean time from
diagnosis of about 11 weeks (h= 308) were randomized
to treatment with an IL-21 antibody or liraglutide as
monotherapy or in combination or placebo, all as adjunct
to insulin therapy for preservation of beta-cell function 33.
The hypothesis was that combining immunomodulation
with a GLP-1 RA would ensure beta-cell survival. IL-21
has been linked to diabetes progression in animal and in
humans probably because of the central role of IL-21 in
promoting trafficking of CD8+ Iymphocytes to the
pancreas 34. Beta-cell function was evaluated as area
under the C-peptide curve during a mixed meal. Age
was 28 years, BMI 24 kg/m2, HbAlc 7.1% (54
mmol /mol), weight 72 kg and daily dose of insulin 0.31
units/kg. After 54 weeks of treatment, meal-stimulated
C-peptide secretion decreased significantly less from
randomization with the combination (10%), compared
with liraglutide (32%) or IL-21 (25%) alone or placebo
(39%), and the C-peptide secretion was 48 % greater
with the combination compared with placebo. In the IL-21
or liraglutide groups the C-peptide responses did not
differ from that of placebo. Despite greater doses of
insulin in the placebo group, the decrease in HbATc was
greater with the active combination treatment (0.5% (5.5
mmol/mol) vs 0.1% (1.1 mmol/mol)). The rate of
hypoglycaemia was lower in the liraglutide alone group
than in the placebo group. However, 26 weeks after
treatment cessation, the effects were lost.
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In the multicenter, randomized, double-blind “New-Lira”
study, the effect of liraglutide on beta-cell function was
tested in newly diagnosed patients with type 1 diabetes
35, In total, 68 patients with duration of 4 weeks of type
1 diabetes and a mean age of 28 vyears were
randomized to liraglutide 1.8 mg or placebo. Body
weight was about 74 kg (BMI 23.5 kg/m2), HbAlc 8.4%
(68 mmol/mol) and daily dose of insulin about 22
unit/day. Peak C-peptide concentration was during a
mixed meal at randomization 0.9 nmol/I. The patients
were followed for 52 weeks during active treatment and
for 6 weeks after treatment. Mixed meal tests were
performed at randomization, at end of treatment (52
weeks) and at follow-up (58 weeks).

At week 52 the AUC C-peptide and other indices of
beta-cell function improved compared with the placebo
group, but 6 weeks after end-of-treatment the groups
again co-aligned. AUC glucagon did not differ between
groups at any time points.

With liraglutide treatment, the total daily dose of insulin
decreased with 30% from 0.30 units/kg/day to 0.23
units/kg/day compared with an increase from 0.29
units/kg/day to 0.43 units/kg/day with placebo at week
52, but with no difference during follow-up. A period with
no need for insulin was observed in 13 versus two patients
for liraglutide and placebo. In these patients, the period
lasted for a median of 12 weeks for liraglutide versus 6
weeks for placebo treated patients, respectively. At
week 52 a reduction of 15 mmol/mol in HbAlc was
found in both groups. Body weight was at end-of
treatment 3 kg lower in the liraglutide group. Among 10
inflammatory markers measured, reduced levels of TNF-
alfa (21%) and IL-10 (26%) were observed.
Biochemically verified hypoglycaemia was registered
more often in the placebo group, where also three
incidents of severe hypoglycaemia occurred compared
with none in the liraglutide group. The adverse events
with liraglutide were predominantly gastrointestinal and
transient. Two patients completed the study with 1.2 mg
doses. No differences in quality of life were found
between the groups. Thus, the “New-Lira study” illustrates
the beneficial effects of liraglutide in patients with newly
diagnosed type 1 diabetes, but also shows that the effect
disappears when treatment with liraglutide is stopped.

Taken all the studies with liraglutide together, the effect
of liraglutide on HbAlc has been conflicting with
improvement in HbAlc from 0.4% (4.4 mmol/mol) to
0.9% (9.8 mmol/mol) over 12-24 weeks in small non-
randomized studies, while other randomized, placebo-
controlled studies found no effect on HbAlc. Most trials
reported reduction in daily dose of insulin and in body
weight (up to 6.8 kg for liraglutide 1.8 mg). The
reduction in doses of insulin was less when corrected for
body weight and was often insignificant when compared
with those of placebo groups. Information on “patient
reported outcomes” is limited in the studies. In the “New
Lira” study the treatment satisfaction did not differ
between liraglutide and placebo, but the perceived
frequency of low blood glucose events was significantly
lower in liraglutide treated patients. Adverse events were
primarily gastrointestinal in nature, transient and similar
to those described for people with type 2 diabetes.

Liraglutide lowered systolic blood pressure and
increased heart rate.

Exenatide

Patients with long-standing type 1 diabetes and some
residual beta-cell function were treated with exenatide
four times daily without and with daclizumab (to diminish
the underlying autoimmunity and to curb a potential
autoimmune reactivation), but without any improvement in
beta-cell function after 6 to 9 months treatment, when
evaluated by an arginine and a mixed meal tests 3¢, The
participants lost about 4.1 kg and the dose of insulin was
reduced from 0.55 units/kg/day to 0.48 units/kg/day.

During single meal test studies exenatide has been
added to insulin treatment in adolescents (n=8) with type
1 diabetes and reduces postprandial hyperglycaemia
compared with insulin monotherapy; the treatment was
associated with delayed gastric emptying 37.

Eighteen newly diagnosed people with type 1 diabetes
were randomized to insulin alone, insulin plus exenatide
twice daily or insulin + sitagliptin 100 mg daily for one
year, starting one month after diagnosis 38. The reduction
in dose of insulin was greatest with insulint exenatide
(55.7 units/day to 16.5 units /day), but dose of insulin
was also lowered with insulin + sitagliptin (47.8 units/day
to 24.2 units/day) compared with insulin alone (59.3
units/day to 44.2 units/day). The incidence of
hypoglycaemia did not differ between groups. Neither
exenatide nor sitagliptin had any effect on C-peptide
responses to a mixed meal test compared with before
treatment.

In a mechanistic study, Ghazi and coworkers studied the
acute metabolic effects of exenatide in patients with type
1 diabetes and residual beta-cell function during a mixed
meal and an infravenous glucose test 39. During the meal
test glucose levels were suppressed, while the insulin
secretion related to ambient glucose levels was
increased, glucagon levels were suppressed, and gastric
emptying delayed. During the intravenous glucose test
exenatide had no effect on insulin secretion.

The effects of 6 months treatment with exenatide were
studied in adults with type 1 diabetes 40. Fourteen
patients with duration of diabetes of 20.5 years
participated in the crossover study of 6 months treatment
with exenatide 10 mcg four times a day and 6 months
off exenatide. Changes in fasting and postprandial
blood glucose and changes in insulin sensitivity before
and after each study period were assessed. Exenatide
was associated with reduced postprandial blood glucose
responses but also with higher fasting glucose
concentration, without any net changes in HbATc.
Exenatide increased insulin sensitivity (40%) evaluated
by a hyperinsulinaemic-euglycaemic clamp, and the
authors concluded that improvement in insulin sensitivity
was beyond the effect expected from the weight
reduction. Weight loss was 4.2 kg. Dose of insulin was
reduced from 0.54 units/kg/day to 0.47 units /kg/day
with exenatide, primarily resulting from a reduction in
meal dose of insulin.

The randomized, double blind, placebo-controlled
MAGI1C trial is the largest trial with exenatide 4.
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Overall, 108 patients with type 1 diabetes were
randomized to exenatide 10 mcg three times daily or
placebo injections for 26 weeks. Diabetes duration was
21 years. Body weight 87 kg, (BMI 28.4 kg/m2), basal
dose of insulin about 30 units/day and prandial insulin
dose was also around 30 units /day. A minimal C-
peptide production was detected in 13% and 9%
participants in the exenatide and placebo groups,
respectively. In total, 23 participants discontinued
treatment (17 in the exenatide group and six in the
placebo group).

From a baseline of 8.3% (66.4 mmol/mol) HbAlc
changed by - 0.3% (3.2 mmol /mol) in the exenatide and
- 0.19% (2.1 mmol/mol) in the placebo group,
respectively. No difference between the groups was
found in fasting plasma glucose and 7-points self-
monitoring blood glucose (SMBG) profiles. CGM
measurements showed that mean plasma glucose
concentration, time in range, time in hyperglycemia or risk
of hypoglycemia did not differ between groups at week
26. Total insulin dose was reduced by 9.0 units/day in
the exenatide group compared with placebo, primarily
because of a reduction in prandial doses of insulin. Body
weight was lowered by 4.4 kg with exenatide. Blood
pressure or albuminuria did not differ between groups,
but heart rate increased by 3.9 bpm with exenatide. No
incidence of diabetic ketoacidosis was recorded. More
gastrointestinal adverse events were registered in the
exenatide group.

In a secondary analysis, exenatide changed total fat
mass by -2.6 kg and lean body mass by -1.1 kg 42
Exenatide did not change levels of interleukin-1 and 6,
tumor necrosis factor (TNF)-alfa, C-reactive protein, N-
terminal prohormone of brain natriuretic peptide, or 8-
oxo-7,8-dihydroguanosine (RNA oxidation marker) and
8-ox0-7,8-dihydro-2-deoxyguanosine (DNA oxidation
marker). Thus, exenatide had no effect on biomarkers of
cardiovascular disease risk.

The authors conclude that short acting exenatide does not
seem to have a future as standard add-on treatment to
insulin therapy.

Exenatide once weekly

In a retrospective observational study, 11 patients
receiving continuous subcutaneous insulin infusion (HbA1c
7.7% (60,7 mmol /mol)) were treated for 3 months with 2
mg of exenatide once-weekly 43. Three months after
initiation GLP-1 RA treatment, HbAlc was reduced by
0.6% (6.6 mmol/mol), body weight by 3.7 kg, and total
dose of insulin by 13% (12.9 unit/day including 9.3
units/day in bolus). From month three to month six, 5
patients stopped treatment with exenatide because of
gastrointestinal intolerance and subcutaneous nodule
formation.

Albiglutide

In a randomized trial, albiglutide 50 mg weekly versus
placebo was studied in newly diagnosed people with
type 1 diabetes during the course of 52 weeks 44, Fifty
patients were treated with albiglutide and 15 with
placebo. Of these, 40 and 12 participants completed the
study. The patients were enrolled 4-8 weeks after
diagnosis, had a stimulated C-peptide > 0.2 nmol/I and

were treated with basal-bolus insulin therapy. Mean
duration of diabetes was 52 days at randomization,
body weight was about 67.5 kg and baseline HbA1c was
7.3% (56 mmol/mol). After 52 weeks the C-peptide and
glucagon response during a mixed meal as well as
HbA1c or daily dose of insulin and risk of hypoglycaemia
did not differ between groups. The profile of
gastrointestinal adverse events was consistent with other
GLP-1 RAs. It should be noted that albiglutide has limited
effect on HbA1c and body weight even in people with
type 2 diabetes 3.

Semaglutide

In a letter to the Editor of New Engl J Med, the efficacy
of semaglutide was analyzed in 10 patients with type 1
diabetes between the age of 21 to 39 years and a mean
HbAlc of 11.7% (104 mmol/mol), who had started
semaglutide up to 0.5 mg weekly within 3 months after
diagnosis and were followed for one year 45
Semaglutide treatment was associated with the
elimination of prandial insulin in all patients and basal
insulin in sevenpatients and reduced HbA1c to a mean of
5.7% (39 mmol/mol) after 12 months.

In another study also without a control group, 10 pump
treated patients with overweight were treated with
semaglutide and followed for 6 months 4¢. Body weight
decreased from 82.8 kg (30.9 kg/m2) to 70.0 kg and
total insulin dose was reduced from 45.6 units/day to
38.5 units/day after 6 months. HbAlc did not change
significantly during the follow-up.

Tirzepatide

Tirzepatide is a dual GLP-1/GIP agonist approved for
treatment of type 2 diabetes and overweight.
Tirzepatide is very potent also when compared with
semaglutide 1 mg or 2.4 mg. In people with type 2
diabetes the weight loss has been about 11-13 kg, while
in obese people without diabetes the weight loss is about
19-22 kg 4.

In a retrospective study, 62 intensively treated (basal-
bolus regimen n= 10 or insulin pump treatment n=52)
patients with type 1 diabetes patients and overweight
were treated with tirzepatide for one year. The control
group consisted of 37 matched patients with lower BMI
(35.6 vs 32.8 kg/m2), weight and daily dose of insulin
(76 vs 62 units/day) group.

The mean dose of tirzepatide was 9.7 mg/week, thus the
majority did not reach the highest dose for people with
type 2 diabetes 15 mg. Mean decrease in BMI and
weight were 6.5 BMI-units (kg/m2) and 18.5 % vs 1.2%
in the control group. HbAlc decreased by 0.67% (7.3
mmol/mol) in the tirzepatide group compared with -
0.02% (0.22 mmol /mol) in the control group and the totall
dose of insulin decreased by -22.8 vs + 5.0 units/day.
Time in range was higher with tirzepatide compared with
the control group. Neither hypoglycaemia nor diabetic
ketoacidosis were reported.

In a retrospective observational study, people with type
1 diabetes treated with automatic insulin delivery system
were treated for 8 months with tirzepatide (n=11).
HbAlc was 7.0% (53.0 mmol/mol) and a BMI 39.6
kg/m2 at baseline 48. The daily dose of insulin was
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reduced from a mean of 73.9 units/day to 51.7
units/day (basal insulin was reduced by 31% and bolus
insulin by 43%, primarily due to a reduction in bolus
insulin from 31.4 units/day to 17.9 units/day. Dose
reduction from 2 to 8 months was modest. Time in range
increased by 7% without increase in time below 3.4
mmol /I (70 mg/dl), and HbA1c was reduced with - 0.5%
(5.5 mmol/mol) and weight by 9% from 114.3 kg. The
authors recommend a dose reduction of about 25 % of
total dose of insulin when initiating tirzepatide in patient
treated with an automatic insulin infusion pump. The insulin
reduction may depend on HbATc, and people with higher
HbA1c may require less reduction in dose of insulin.

In a retrospective observational study in 26 adults with
type 1 diabetes treatment with tirzepatide reduced
HbAlc by - 0.45% (4.9 mmol/mol) at 3 months and -
0.6% (6.6 mmol/mol) after 8 months of treatment 4.
Body weight was reduced by 10.1%, and glucose time in
range (3.9 to 10.0 mmol/l) increased with 12.6%. The
total dose of insulin (85.2 units/day) was reduced by
24.3%. Two patients discontinued tirzepatide treatment.

At European Association for the Study of Diabetes (EASD)
2024, (Snell-Bergeon j et al, OP 243) the efficacy of
semaglutide and tirzepatide was assessed in
retrospective chart review of 100 patients with type 1
diabetes; 50 who were prescribed semaglutide and 50
who were prescribed tirzepatide. Nearly all participants
were overweight or obese (mean BMI 34 kg/m2) and
were compared with 50 matched control subjects. HbA1c
was 7.3% (56 mmol/mol). Follow-up was up to one year.
Body weight declined 5.4 kg with semaglutide, and -14.4
kg with tirzepatide when compared with controls. The
change in HbA1c was larger in the semaglutide (-0.42%
(4.6 mmol/mol)) and tirzepatide (-0.62% (6.8
mmol/mol)) treated groups than in controls. No severe
hypoglycemia or ketosis were registered.

The limitations of the studies with tirzepatide are that the
studies are retrospective, without a control group and the
titration of dose of insulin was not uniform among
physicians.

Conclusions

Despite great developments regarding insulin analogues
and technical advances it is still difficult for many people
with type 1 diabetes to obtain optimal glycaemic control.
GLP-1 based therapy has been of interest as add-on
therapy to insulin treatment in people with type 1
diabetes because of its pleiotropic effects on glucose
control and body weight, but the results have been
conflicting. Most studies with GLP-T1RAs in people with
type 1 diabetes are small with few participants, often
without a control group and seldomly carried out in a
placebo-controlled design. The improvement in HbAlc
with the use of exenatide is minimal or absent, and with
liraglutide 1.8 mg daily, the reduction in HbATc has been
in the range of -0.1 to -0.3% (1-3 mmol/mol), while
greater improvements have been reported with the more
potent GLP-1 Ra semaglutide and the dual GLP-1/GIP
agonist tirzepatide. Notably, in the placebo-controlled
studies, aggressive insulin titration in both the GLP-1 RA
and placebo groups may have lessened a difference in
HbA1lc. In most studies a significant reduction in daily

dose of insulin, often particularly a reduction in prandial
insulin has been reported. In the largest trial with
exenatide the weight loss was about 4 kg, and with
liraglutide the weight losses have ranged from -2 to -7
kg. With semaglutide and tirzepatide the weight loss has
been up to 13% to 18%, respectively. Treatment with
GLP-1 RAs do not seem to compromise counter regulation
after hypoglycaemia. The different mode of action of the
short acting exenatide and the long acting GLP-1 RAs
may explain the difference in postprandial glucose
profile, i.e. the pronounced effect of exenatide on gastric
emptying. Systolic blood pressure was reduced with GLP-
1 RAs in most studies. The adverse events observed with
GLP-1 based therapy have been similar to those
reported in people with type 2 diabetes or obesity and
were often transient. Some cases with diabetic
ketoacidosis have been reported, probably explained
by too large reductions in dose of insulin in participants
without residual beta-cell function.

In ADJUNCT ONE and TWO, the two largest studies
(n=2233) with liraglutide, an increased risk of
hyperglycaemia with ketosis was registered because of
a too optimistic reduction in dose of insulin 2829, Also,
more hypoglycaemic events were observed in the
liraglutide groups compared with placebo. In people with
residual beta-cell function the reduction in HbAlc was
about 0.6% (6.6 mmol/mol) primarily explained by
stimulation of the endogenous insulin secretion 2829,

In the “New Lira” study, which included patients with type
1 diabetes and with a mean duration of diabetes of
about 4 weeks, liraglutide reduced total insulin dose from
0.30 units/kg/day to 0.23 units/kg/day while the dose
increased from 0.29 units/kg/day to 0.43 units/kg/day
in the placebo group after 1 year follow-up 35. A period
without need for insulin was observed in 13 vs two
patients and in these patients the period lasted for 12 vs
6 weeks, respectively. In another study where patients
were randomized to liraglutide, IL-21 antibody or a
combination or placebo, the effect of liraglutide alone
did not differ from placebo 33. In both studies the effect
on the beta-cell function disappeared a few weeks after
termination of therapy.

Thus, the arguments for use of a GLP-1 RA in people with
type 1 diabetes are several. Many patients with type 1
diabetes have “double” diabetes because of overweight
or obesity, which is characterized by insulin resistance
and higher daily doses of insulin 2. Overweight also
increases the risk of cardiovascular diseases as discussed
below. Furthermore, insulin resistance seems to be a risk
factor for development of late diabetic complications 2.

People with type 1 diabetes have an about 2-3 fold
increase in mortality of cardiovascular diseases, and
GLP-1 RAs, especially semaglutide, has been shown to
reduce cardiovascular diseases in people with type 2
diabetes and in overweight and obese people without
diabetes 350, Diabetic kidney disease is still a problem in
people with type 1 diabetes and GLP-1 RAs reduce the
risk of progression of kidney disease; thus, in the
dedicated “FLOW?” study in patients with type 2
diabetes, semaglutide reduced the risk of progression of
kidney disease and the mortality of cardiovascular
diseases 51,
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In patients with residual beta-cell function, GLP-1 RAs
may reduce HbAlc, dose of insulin and risk of
hypoglycemia. GLP-1 RAs may also prolong the remission
period without insulin and the following period where
only a single daily injection of basal insulin is needed to
regulate glycaemic control. This will undoubtedly improve
quality of life and adherence to treatment. Lastly, type 1
diabetes is also diagnosed in people over the age of 30-
40 years, who may have a preserved beta-cell function
during many years, where treatment with a GLP-1 RA can

induce remission and postpone insulin treatment for years
6

Final comments on GLP-1 based therapy in

type 1 diabetes

In the future, the focus on GLP-1 based therapy in people
with type 1 diabetes will probably increase.
Considerable daily life experience exists in many
diabetic clinics, but more randomized clinical studies of
high quality are needed, using not only HbA1c but also
time in range as endpoints. Effects of semaglutide and
tirzepatide on body weight and dose of insulin will be of
interest to investigate in greater detail. Both patients with
newly diagnosed diabetes, but also patients with long-

standing diabetes, cardiovascular and /or kidney disease
as well as obesity should be targeting populations to
allow identification of the groups of patients that may
benefit the most from GLP-1 based therapy as add-on
to insulin treatment.

Conflict of interest:

TFD has served on advisory boards for Medtronic,
Boehringer Ingelheim, Novo Nordisk and Eli Lilly, has
received lecture fees from Boehringer Ingelheim, Sanofi,
Novo Nordisk, and AstraZeneca and received research
support from AstraZeneca and Novo Nordisk. CSF has
received lecture feew fron Novo Nordisk A/S. JJH is a
member of advisory boards for NovoNordisk. SMA has
served as Advisory boards: AstraZeneca; Boehringer
Ingelheim; Intarcia Therapeutics; Novo Nordisk; Sanofi,
Abbott Lab, Bayer, Amgen. Lecture fees: AstraZenecq;
Novo Nordisk, MSD. Research Grant Recipient: Novo
Nordisk; Novo Nordisk foundation, Boehringer Ingelheim.
Support for attending meetings and/or travel: Novo
Nordisk, Boehringer-Ingelheim, Bayer

Funding statement:
none to declare.

© 2024 European Society of Medicine 8



References

1.

10.

11.

12.

13.

14.

15.

Bailey R, Calhoun P, Garg SK. Weight Gain and
Glycemic Control in Adults with Type 1 Diabetes in the
TID  Exchange Registry. Diabetes Technol Ther.
2024;26(3):156-160. doi:10.1089 /dia.2023.0389
Kilpatrick ES, Rigby AS, Atkin SL. Insulin resistance, the
metabolic syndrome, and complication risk in type 1
diabetes: “double diabetes” in the Diabetes Control
and Complications Trial. Diabetes Care.
2007;30(3):707-712. doi:10.2337 /dc06-1982
Madsbad S, Holst JJ. Cardiovascular effects of
incretins: focus on glucagon-like peptide-1 receptor
agonists. Cardiovasc Res. 2023;119(4):886-904.
doi:10.1093 /cvr/cvacl 12

Holst JJ. The physiology of glucagon-like peptide 1.
Physiol Rev. 2007;87(4):1409-1439.
doi:10.1152/physrev.00034.2006

DiMeglio LA, Evans-Molina C, Oram RA. Type 1
diabetes. Lancet (London, England).
2018;391(10138):2449-2462.
doi:10.1016/S0140-6736(18)31320-5

Madsbad S. Prevalence of residual B cell function and
its metabolic consequences in Type 1 (insulin-
dependent) diabetes. Diabetologia. 1983;24(3):141-
147. doi:10.1007 /BF00250151

Madsbad S, Krarup T, Regeur L, Faber OK, Binder C.
Insulin secretory reserve in insulin dependent patients
at time of diagnosis and the first 180 days of insulin
treatment. Acta Endocrinol (Copenh).
1980;95(3):359-363. doi:10.1530/acta.0.0950359
Steffes MW, Sibley S, Jackson M, Thomas W. Beta-
cell function and the development of diabetes-related
complications in the diabetes control and
complications trial. Diabetes Care. 2003;26(3):832-
836. doi:10.2337 /diacare.26.3.832

Wang L, Lovejoy NF, Faustman DL. Persistence of
prolonged C-peptide production in type 1 diabetes
as measured with an ultrasensitive C-peptide assay.
Diabetes Care. 2012;35(3):465-470.
doi:10.2337/dc11-1236

Palmer JP, Fleming GA, Greenbaum CJ, et al. C-
peptide is the appropriate outcome measure for type
1 diabetes clinical trials to preserve beta-cell
function: report of an ADA workshop, 21-22 October
2001. Diabetes. 2004;53(1):250-264.
doi:10.2337 /diabetes.53.1.250

Lachin JM, McGee P, Palmer JP. Impact of C-peptide
preservation on metabolic and clinical outcomes in the
Diabetes Control and Complications Trial. Diabetes.
2014;63(2):739-748. doi:10.2337 /db13-0881
Dinneen S, Alzaid A, Turk D, Rizza R. Failure of
glucagon suppression contributes to postprandial
hyperglycaemia  in IDDM.  Diabetologia.
1995;38(3):337-343. doi:10.1007 /BF004006 39
Madsbad S, Hilsted J, Krarup T, et al. Hormonal,
metabolic and cardiovascular  responses  to
hypoglycaemia in Type 1 (insulin-dependent)
diabetes with and without residual B cell function.
Diabetologia. 1982;23(6):499-503.

doi:10.1007 /BF00254298

Skyler JS. Prevention and reversal of type 1 diabetes-
-past challenges and future opportunities. Diabetes
Care. 2015;38(6):997-1007. doi:10.2337 /dc15-
0349

Zhang J, Tokui Y, Yamagata K, et al. Continuous

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

stimulation of human glucagon-like peptide-1 (7-36)
amide in a mouse model (NOD) delays onset of
auvtoimmune type 1 diabetes. Diabetologia.
2007;50(9):1900-1909. doi:10.1007 /s00125-007-
0737-6

Buteau J. GLP-1 receptor signaling: effects on
pancreatic beta-cell proliferation and  survival.
Diabetes  Metab.  2008;34  Suppl 2:S73-7.

doi:10.1016/S1262-3636(08)73398-6

Buteau J, El-Assaad W, Rhodes CJ, Rosenberg L, Joly
E, Prentki M. Glucagon-like peptide-1 prevents beta
cell glucolipotoxicity. Diabetologia. 2004;47(5):806-
815. doi:10.1007 /s00125-004-1379-6

Kielgast U, Holst JJ, Madsbad S. Treatment of type 1
diabetic patients with glucagon-like peptide-1 (GLP-
1) and GLP-1R agonists. Curr Diabetes Rev.
2009;5(4):266-275.
doi:10.2174/157339909789804413

Creutzfeldt WO, Kleine N, Willms B, Orskov C, Holst
JJ, Nauck MA. Glucagonostatic actions and reduction
of fasting hyperglycemia by exogenous glucagon-
like peptide 1(7-36) amide in type | diabetic patients.
Diabetes Care. 1996;19(6):580-586.
doi:10.2337 /diacare.19.6.580

Kielgast U, Holst JJ, Madsbad S. Antidiabetic actions
of endogenous and exogenous GLP-1 in type 1
diabetic patients with and without residual B-cell
function. Diabetes. 2011;60(5):1599-1607.
doi:10.2337/db10-1790

Varanasi A, Bellini N, Rawal D, et al. Liraglutide as
additional treatment for type 1 diabetes. Eur J
Endocrinol. 2011;165(1):77-84. doi:10.1530/EJE-
11-0330

Kuhadiya ND, Malik R, Bellini NJ, et al. Liraglutide as
additional treatment to insulin in obese patients with
type 1 diabetes mellitus. Endocr Pract Off J Am Coll
Endocrinol Am Assoc  Clin  Endocrinol.
2013;19(6):963-967. doi:10.4158 /EP13065.0R
Kielgast U, Krarup T, Holst JJ, Madsbad S. Four weeks
of treatment with liraglutide reduces insulin dose
without loss of glycemic control in type 1 diabetic
patients with and without residual beta-cell function.
Diabetes Care. 2011;34(7):1463-1468.
doi:10.2337/dc11-0096

Frandsen CS, Dejgaard TF, Holst JJ, Andersen HU,
Thorsteinsson B, Madsbad S. Twelve-Week Treatment
With Liraglutide as Add-on to Insulin in Normal-
Weight Patients With Poorly Controlled Type 1
Diabetes: A Randomized, Placebo-Controlled,
Double-Blind  Parallel  Study. Diabetes Care.
2015;38(12):2250-2257. doi:10.2337 /dc15-1037
Frandsen CS, Dejgaard TF, Andersen HU, et al.
Liraglutide as adjunct to insulin treatment in type 1
diabetes does not interfere with glycaemic recovery
or gastric emptying rate during hypoglycaemia: A
randomized, placebo-controlled,  double-blind,
parallel-group  study. Diabetes Obes Metab.
2017;19(6):773-782. doi:10.1111 /dom.12830
Pieber TR, Deller S, Korsatko S, et al. Counter-
regulatory hormone responses to hypoglycaemia in
people with type 1 diabetes after 4 weeks of
treatment with liraglutide adjunct to insulin: «
randomized, placebo-controlled, double-blind,
crossover trial. Diabetes Obes Metab.

© 2024 European Society of Medicine 9



27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

2015;17(8):742-750. doi:10.1111 /dom.12473
Dejgaard TF, Frandsen CS, Hansen TS, et al. Efficacy
and safety of liraglutide for overweight adult patients
with type 1 diabetes and insufficient glycaemic
control (Lira-1): a randomised, double-blind, placebo-
controlled  trial.  lancet  Diabetes  Endocrinol.
2016;4(3):221-232. doi:10.1016/52213-
8587(15)00436-2

Mathieu C, Zinman B, Hemmingsson JU, et al. Efficacy
and Safety of Liraglutide Added to Insulin Treatment
in Type 1 Diabetes: The ADJUNCT ONE Treat-To-
Target  Randomized  Trial.  Diabetes  Care.
2016;39(10):1702-1710. doi:10.2337/dc16-0691
Ahrén B, Hirsch IB, Pieber TR, et al. Efficacy and
Safety of Liraglutide Added to Capped Insulin
Treatment in Subjects With Type 1 Diabetes: The
ADJUNCT TWO Randomized Trial. Diabetes Care.
2016;39(10):1693-1701. doi:10.2337 /dc16-0690
Dejgaard TF, von Scholten BJ, Christiansen E, et al.
Efficacy and safety of liraglutide in type 1 diabetes
by baseline characteristics in the ADJUNCT ONE and
ADJUNCT TWO randomized controlled trials.
Diabetes Obes Metab. 2021;23(12):2752-2762.
doi:10.1111/dom.14532

Dejgaard TF, Schmidt S, Frandsen CS, et al.
Liraglutide reduces hyperglycaemia and body weight
in overweight, dysregulated insulin-pump-treated
patients with type 1 diabetes: The Lira Pump trial-a
randomized, double-blinded, placebo-controlled
trial. Diabetes Obes Metab. 2020;22(4):492-500.
doi:10.1111/dom.13911

Schmidt S, Frandsen CS, Dejgaard TF, et al.
Liraglutide changes body composition and lowers
added sugar intake in overweight persons with insulin
pump-treated type 1 diabetes. Diabetes Obes Metab.
2022;24(2):212-220. doi:10.1111 /dom.14567

von Herrath M, Bain SC, Bode B, et al. Anti-interleukin-
21 antibody and liraglutide for the preservation of B-
cell  function in adults with recent-onset type 1
diabetes: a randomised, double-blind, placebo-
controlled, phase 2 trial. lancet Diabetes Endocrinol.
2021;9(4):212-224, doi:10.1016/52213-
8587(21)00019-X

Van Belle TL, Nierkens S, Arens R, von Herrath MG.
Interleukin-21  receptor-mediated signals control
auvtoreactive T cell infiltration in pancreatic islets.
Immunity. 2012;36(6):1060-1072.
doi:10.1016/j.immuni.2012.04.005

Dejgaard TF, Frandsen CS, Kielgast U, et al.
Liraglutide enhances insulin secretion and prolongs the
remission period in adults with newly diagnosed type
1 diabetes (the Newlira study): A randomized,
double-blind, placebo-controlled trial. Diabetes Obes
Metab. 2024; 26(11): 4905-4915
doi:10.1111/dom.15889

Rother Kl, Spain LM, Wesley RA, et al. Effects of
exenatide alone and in combination with daclizumab
on beta-cell function in long-standing type 1
diabetes. Diabetes Care. 2009;32(12):2251-2257.
doi:10.2337/dc09-0773

Raman VS, Mason KJ, Rodriguez LM, et al. The role of
adjunctive exenatide therapy in pediatric type 1
diabetes. Diabetes Care. 2010;33(6):1294-1296.
doi:10.2337/dc09-1959

Hari Kumar KVS, Shaikh A, Prusty P. Addition of

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

exenatide or sitagliptin fo insulin in new onset type 1
diabetes: a randomized, open label study. Diabetes
Res Clin Pract. 2013;100(2):e55-8.
doi:10.1016/j.diabres.2013.01.020

Ghazi T, Rink L, Sherr JL, Herold KC. Acute metabolic
effects of exenatide in patients with type 1 diabetes
with and  without residual insulin to oral and
infravenous glucose challenges. Diabetes Care.
2014;37(1):210-216. doi:10.2337 /dc13-1169
Sarkar G, Alattar M, Brown RJ, Quon MJ, Harlan DM,
Rother KI. Exenatide treatment for 6 months improves
insulin sensitivity in adults with type 1 diabetes.
Diabetes Care. 2014;37(3):666-670.
doi:10.2337/dc13-1473

Johansen NJ, Dejgaard TF, Lund A, et al. Efficacy and
safety of meal-time administration of short-acting
exenatide for glycaemic control in type 1 diabetes
(MAGI1C): a randomised, double-blind, placebo-
controlled  trial.  lancet  Diabetes  Endocrinol.
2020;8(4):313-324. doi:10.1016/52213-
8587(20)30030-9

Johansen NJ, Dejgaard TF, Lund A, et al. Effect of
short-acting exenatide administered three times daily
on markers of cardiovascular disease in type 1
diabetes: A randomized double-blind placebo-
controlled trial. Diabetes Obes Metab.
2020;22(9):1639-1647. doi:10.1111/dom.14078
Traina AN, Lull ME, Hui AC, Zahorian TM, Lyons-
Patterson J. Once-weekly exenatide as adjunct
treatment of type 1 diabetes mellitus in patients
receiving continuous subcutaneous insulin infusion
therapy. Can J diabetes. 2014;38(4):269-272.
doi:10.1016/}.jcjd.2013.10.006

Pozzilli P, Bosi E, Cirkel D, et al. Randomized 52-week
Phase 2 Trial of Albiglutide Versus Placebo in Adult
Patients With Newly Diagnosed Type 1 Diabetes. J
Clin Endocrinol Metab. 2020;105(6).
doi:10.1210/clinem/dgaal49

Dandona P, Chaudhuri A, Ghanim H. More on
Semaglutide in Early Type 1 Diabetes. Reply. N Engl
J Med. 2024;390(3):292.

doi:10.1056 /NEJMc2311608

Grassi BA, Teresa Onetto M, Sanchez C, Tapia N,
Mena F. Effect of low dose Semaglutide in people
with Type 1 Diabetes and excess weight. Diabetes Res
Clin Pract. 2024;209:111593.
doi:10.1016/j.diabres.2024.111593

Rabbani SA, El-Tanani M, Matalka I, et al.
Tirzepatide: unveiling a new dawn in dual-targeted
diabetes and obesity management. Expert Rev
Endocrinol Metab. Published online August 2024:1-19.
doi:10.1080/17446651.2024.2395540

Karakus KE, Klein MP, Akturk HK, Shah VN. Changes
in Basal and Bolus Insulin Requirements with
Tirzepatide as an Adjunctive Therapy in Adults with
Type 1 Diabetes Using Tandem Control-IQ. Diabetes
Ther Res Treat Educ diabetes Relat Disord.
2024;15(7):1647-1655. doi:10.1007/513300-024-
01592-9

Akturk HK, Dong F, Snell-Bergeon JK, Karakus KE,
Shah VN. Efficacy and Safety of Tirzepatide in Adults
With Type 1 Diabetes: A Proof of  Concept
Observational Study. J Diabetes Sci Technol. Published
online  February  2024:19322968231223990.
doi:10.1177/19322968231223991

Lind M, Svensson AM, Kosiborod M, et al. Glycemic

© 2024 European Society of Medicine 10



control and excess mortality in type 1 diabetes. N Semaglutide on Chronic Kidney Disease in Patients

Engl J Med. 2014;371(21):1972-1982. with Type 2 Diabetes. N Engl J Med.
doi:10.1056 /NEJMoa 1408214 2024;391(2):109-121.
51. Perkovic V, Tuttle KR, Rossing P, et al. Effects of doi:10.1056 /NEJM0a2403347

© 2024 European Society of Medicine 11



