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Lay Summary
Diabetes type 1 is an autoimmune disease which is characterized by the destruction of β-cells, which are responsible for insulin production. 

GLP-1 agents are drugs that promote β-cell function and neogenesis in animal studies. In human studies, these agents seem to promote glycemic 
control by decreasing insulin requirements in patients with long standing diabetes type 1, but not improve their β-cells function. Therefore, 
GLP-1 agents would have the greatest effect in the onset of the disease where β-cell mass and function are the highest in both preserving β-cell 
function and remaining these patients in partial remission.

INTRODUCTION (citing key references, searches used, etc.) 
Type 1 Diabetes Mellitus is a chronic, autoimmune disorder that it is caused by a progressive destruction of the pancreatic, insulin secreting 

β-cells, which end up to an absolute insulin deficiency [1]. According to the natural course of the disease, newly diagnosed type 1 diabetes is 
often characterized by a temporal, partial remission phase of the β-cell function, usually within months of DT1 diagnosis and the introduction of 
insulin treatment. During this phase, which is also called as “honeymoon period”, exogenous insulin requirements decrease, while the survived 
β-cell are still producing insulin and an improved glycemic control can be achieved. However, patients still require insulin in order to maintain 
their blood sugar at normal levels [2,3]. In the majority of the studies, the remission is temporal, but there are few cases in the literature that 
describe a complete remission, where patients remain healthy (0-3.2%) [4]. In the literature, many studies suggest that approximately half of 
the newly diagnosed children with type 1 diabetes (43-56%) will enter the remission, whose duration can vary largely from 1 month until 13 
years, with a median of about 9 months [4-6]. 

There are many clinical factors that can affect the duration and the rate of the remission. In recent years, there has been a considerable 
interest in identification of these factors such as the age, the existence of diabetic ketoacidosis at the time of the diagnosis, the value of HbA1c 
both at the time of diagnosis and during the disease, the appearance of autoantibodies, the time that insulin treatment is introduced and 
other [2,4,10]. Concerning the age, it has been suggested that longer remission can occur to adolescences after 15 years old or after puberty 
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ABSTRACT
Aims: To investigate the effect of GLP-1 agonists on the β-cell function and on the remission phase of the diabetes type 1.
Background: GLP-1 agents are known to have positive effects in patients with diabetes type 2, but their benefits in diabetes type 1 have 

only been investigated the last few years. In the current research proposal, it is suggested that GLP-1 in addition to insulin therapy, can preserve 
β-cell function and remission phase.

Methods: Fifty-eight newly diagnosed adolescences (10-17 years old) are enrolled in this randomized, open label, controlled trial for two 
years duration. Subjects are randomly assigned to receive either exenatide twice daily or no exenatide in addition to intensified insulin therapy.

Outcomes: The primary outcome is change in stimulates C-peptide levels and the secondary outcome is preservation of remission phase.
Expected Impact: Reduced stimulated C-peptide levels, insulin requirements, improved glycemic control and longer remission phase in 

exenatide group
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than in younger children [7]. Remission duration falls, as the age of 
diagnosis decreases [2]. Regarding the HbA1c levels, it is considered 
to be a criterion to evaluate the possibility of entering into a remission. 
In addition to that, several studies suggest that lower HbA1c levels 
during the remission, can extend its duration [4,6,8]. It seems that 
the existence of diabetic ketoacidosis at the diagnosis is related with 
decreased duration and lower incidence of remission (49% of patients 
without ketoacidosis had remission while only 18% with ketoacidosis 
had remission) [2,9,10]. The presence of autoantibodies identified at 
the diagnoses may not affect the chance of entering the remission, 
but it may influence the prolongation [2]. Specifically, it is cited that 
patients with 2 positive autoantibodies, anti-GAD65 and anti-IA2 
autoantibodies, had shorter remission phase (85 days), in comparison 
with those who had only 1 positive autoantibody (198 days) [6]. 
The time that insulin therapy is introduced and consequently better 
and early glycemic control can prolong the remission [11]. It has 
been noticed that patients using sensor-augmented insulin pumps 
had less downgrading on β-cell function [12]. These results could 
possibly be contributed to the fact that achieving glycemic goals 
and steady, normal blood glucose at an early stage of the disease 
can extend remission’s duration by preserving β-cell function [2]. 
In any circumstances, patients could be benefited by the extended 
remission period as the glycemic control is stable, normal blood 
glucose levels can be achieved easier and the incidence of long-term 
complications is reduced. Interestingly, a growing body of recent 
studies show that, taking into account the above influence factors, an 
appropriate treatment and follow-up could probably make possible 
the prolongation of “honeymoon” for years or even permanently by 
inhibiting the destruction of the remaining β-cells [2,4].

Several studies have been conducted on the possible effects 
of GLP-1 agonist in glucose metabolism. GLP-1 increase insulin 
secretion, decrease glucagon secretion and inhibits gastric emptying 
[13,14]. In the literature, there is also suggested that GLP-1 agonists 
have positive effects on β-cell physiology such as inhibiting the 
apoptosis of the live β-cells [15] and promoting β-cells regeneration, 
neogenesis and proliferation [16-18].

In the literature, there is a growing body of studies that have 
investigated the relationship between GLP-1 agents and the prevention 
of the diabetes in diabetic mouse. In Zhang et al. randomized control 
trial [2007], there are data presented that show GLP-1 treatment can 
increase β-cell mass and not only promote the proliferation, but also 
inhibit the apoptosis and consequently delay the onset of diabetes 
type 1 in prediabetic mice. Mice that were taking GLP-1 had not only 
higher β-cell mass, but also the number of the newly formed β-cells 
was increased in contrast to the control mice. This study suggests 
that GLP-1 can also act during the immune activation [19]. In another 
study performed in autoimmune NOD (non-obese diabetic) mice, 
researchers established a system of continuous secretion of GLP-
1 levels by creating a recombinant adenoviral vector (rAd-βGLP-1) 
and investigated whether there is an effect in remission phase and in 
β-cell function. Mice taking rAd-βGLP-1 had significantly increased 
insulin-positive cells in the pancreatic islets and C-peptide levels and 
the remission phase was 1 year longer compared to the control group 
[20]. Similarly, the effects of an agent of exenatide (GLP-1 agonist) in 
NOD mouse showed significant higher β-cell mass and delayed the 
onset of the disease compared to the controlled group [20].

Concerning safety issues, Phase 1 and 2 clinical trials have been 
conducted in pediatric Diabetes or Pre-diabetics in order to investigate 
the safety, tolerability and the efficacy of GLP-1 agents. Klein et al., 
[2014] investigated the safety and tolerability of different Liraglutide 
doses (0.3, 0.6, 0.9, 1.2 and 1.8 mg) in children with Diabetes type 
2 in a randomized control trial. They found that Liraglutide did not 
cause adverse events, including hypoglycemia, and there was no 
difference in pancreatic enzymes between the placebo and drug 
group. In conclusion, they stated that the drug not only improved 
glycemic control but also was safe and well tolerated. However, the 
major limitations of this study were the number of participants, 
only 21, and the duration of the study which was 5 weeks [21]. In 
another randomized, blind, dose-escalation, crossover study in 13 

diabetics type 2 adolescents, the safety of single doses of exenatide 
(2.5 μg and 5 μg) was investigated. Similarly, both doses of exenatide 
improved postprandial glucose control and were well tolerated with 
no hypoglycemic effects [22]. In a more recent randomized controlled 
trial [2017], Zhou et al., evaluated the clinical efficacy of GLP-1 
agents in children with pre-diabetes and investigated whether these 
agents can delay or reverse the disease. The study was performed 
in 42 newly diagnosed pre-diabetic children randomizing them 
into control or Liraglutide group in 3-month period. Among others, 
they found that Liraglutide group had significantly higher values of 
islet function index of β-cells, significantly lower insulin resistance, 
lower HbA1c and lower values of fasting plasma glucose and 2-h 
postprandial glucose compared to the control group [23]. Although 
there are not available data concerning the long-term safety in 
Diabetes Type 1, GLP-1 agents have been tasted largely in diabetics 
type 2, so regarding children, it seems that they would be a more 
secure option than other immunosuppressants [18].

Several clinical trials have been conducted in type 1 diabetic 
patients looking at the positive outcomes of GLP-1 agonists. In their 
cutting-edge paper of 2012, Kass et al. described for the first time 
a significant relation both between GLP-1 and proinsulin levels, and 
between remission phase and GLP-1 levels in type 1 diabetic patients 
[24]. Kielgast et al. [2011] investigated the effect of Liraglutide (GLP-
1 agonist) on β-cell protection in C-peptide positive and C-peptide 
negative type 1 diabetics for 4 weeks. Interestingly, although insulin 
dose had a greater decrease in C-peptide positive group, it was 
reduced in both groups, so they suggested that GLP-1 agonist may 
go beyond β-cell protection [25]. In another study, Liraglutide was 
administered in 14 C-peptide negative patients for 1-week period 
with half of the patients continuing for 6 months. After the 6-month 
period, reductions of insulin dose as well a decrease in HbA1c, have 
been demonstrated [26]. In their cutting-edge paper, Rother et al. 
[2009] investigated for the first time, in an RCT where the C-peptide 
was the main end point, whether GLP-1 agonist (Exenatide) combined 
with intensive insulin therapy can improve β-cell function in patients 
with long-standing Diabetes type 1. Interestingly, they found that 
insulin requirements decreased in the intervention group, but the 
C-peptide levels were not changed. The main reason for this negative 
finding may be the advanced patients’ age and the long duration 
of the disease. Other limitations of the study were the number of 
the participants (only 14) and the short duration of the study (6-9 
months) [27]. The first randomized, control trial which investigated 
the effect of GLP-1 agonist (exenatide) in newly diagnosed adult type 
1 diabetics (1 month from diagnosis) was by Kumar et al. [2013]. 
The patients were randomized into the insulin only group (control) 
and the exenatide group (Intervention) for 1-year period. They 
found that the addition of exenatide decreased significantly insulin 
requirements but not due to the increased insulin production. In 
addition, C-peptide was increased only in the intervention group 
compared to the baseline, but not significantly. However, the sample 
size was very small (18 adults) and the study period was short [28].

Therefore, previous work has mainly focused on GLP-1 treatment 
benefits in adult patients or whose disease duration was long. The 
major limitation of studies investigating GLP-1 effects in patients 
with long-standing disease is that usually only 1-2% of their β-cells 
are still alive, while in newly diagnosed patients about 10% is still 
viable [29]. A recent review on the GLP-1 agonists in diabetes type 1 
[2013] cite that these agonists may not only prevent the damage in 
β-cells and improve cells health, but also help these patients remain 
C-peptide positive by giving them immediately at the time of the 
diagnosis. It is also stated that trials should take place in which GLP-1 
would be introduced in the early stage of the disease, in combination 
with insulin, in order to evaluate the medication’s preventative or 
preservative capacity [18]. Many other studies suggest similarly 
that treatment with GLP-1 agents would result in better outcomes in 
newly diagnosed children [24, 29-31].

Hypothesis
Glucagon-like peptide 1 (GLP-1) agonists can promote the β-cell 

function and preserve the remission phase of the disease in newly 
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diagnosed adolescences with Diabetes Type 1.

Objectives
Investigate the effect of GLP-1 agonists on the β-cell function 

and on the remission phase preservation of the disease in newly 
diagnosed adolescences with Diabetes Type 1.

Research Plan, Methods, Statistical Power
Study participants: Fifty-eight (58) newly diagnosed with 

Diabetes Type 1 adolescents (age 10-17) are recruited from 5 clinical 
centers in different cities in Scotland. Inclusion criteria at the time 
of the diagnosis are BMI between 5th and 85th percentile for age 
and gender and have at least one positive antibody (Anti-GAD65, 
anti-ICA512 and anti-IA2) and weeks from diagnosis ≤ 2. Exclusion 
criteria include any major illnesses (i.e., Cardiovascular disease, renal 
disease, hepatic disease, hypertension and high blood lipid profile), 
stimulated C-peptide < 0.1 nmol/L, diabetic ketoacidosis at the 
diagnosis, other medication.

Research Plan: The adolescents are randomly divided into 
the intervention group and the control group. Both groups start 
intensified insulin therapy and they have started already insulin 
therapy. The intervention group inject 5 μg exenatide (GLP-1 agonist) 
s.c twice daily for the first month and 10 μg twice daily from the 
second month until the end of the study, while the control group 
start intensified insulin therapy only. All participants inject insulin at 
least three times per day (both short- and long- acting insulin) and/
or receive continuous subcutaneous insulin therapy and continue 
insulin therapy through the whole study period. All participants get 
same advises about diet (i.e. Carbohydrates counting, healthy eating) 
and exercise modification. Participants are matched for the sex, age, 
presence of autoantibodies identified at the diagnosis (anti-GAD65 
and anti-IA2), C-peptide, which are clinical factors that can affect 
remission.

Methods

β-cell function assessment
Stimulated C-peptide is assessed 2 h after consumption of a 

standardized mixed meal and the test takes place at the second week 
after randomization in order to be achieved metabolic balance and 
every 6 months until the end of the study.

Partial remission assessment
Total duration of partial remission period in months is evaluated 

and it is measured as an insulin-dose adjusted A1C (IDAA1C) as A1C 
(percent) + [4 × insulin dose (units/kg/24 h)]. A calculated IDAA1C 
≤ 9 is used to define partial remission. HbA1c and insulin dose are 
measured at onset and every 3 months until the end of the study.

Statistical Power-Study Sample
Comparison of stimulated C-peptide levels and total duration of 

remission phase between the two groups is based on two-sample 
t-test and two-sided p values ≤ 0.05 are considered significant. 
Sample size calculation is based on 1) a population-based study 
with 94 newly diagnosed adolescences (<4 weeks) aged 10-17 years, 
who had a meal-stimulated C-peptide at the diagnosis of 0.6 ± 0.3 
ng/ml [32] and 2) data from a prospective study investigating the 
effect of exenatide in diabetes type 1 [33]. A difference in C-peptide is 
considered important when there is 50% increase of C-peptide levels 
in intervention group. Therefore, at a 5% significance level and 90% 
statistical power, 23 patients would be on each group and 46 would 
be totally. On the assumption that 20% of the participants would not 
complete the study, the final number of participants would be 29 on 
each group and 58 totally.

Milestones
•	 1st-6th month: Submit approval from NHS ethics committee, 

Submit budget approval 
•	 7th-12th month: Develop Clinical Trial Agreement and Clinical 

study protocol, obtain intervention related products (exenatide), 
develop template for informed consent

•	 First week of 13th month: 70% of the patients’ recruitment  
•	 Second week of 13th month: 100% of the patients’ recruitment
•	 Last 15 days of 13th month: Randomization of the participants 

into control and intervention group
•	 14th-38th month: Collecting measurements of stimulated 

C-peptide levels every 6 months, Hba1c and insulin requirements 
every 3 months

•	 25th month: First report about changes in stimulated C-peptide 
levels and presentation of the first results in conference

•	 39th-41st month: Statistical analysis of the data
•	 42nd-44th month: Publication writing and deliver publication 

document

Ethical Considerations
Written informed consent is obtained both from all the 

participants and their parents. If parents do not consent, the research 
cannot go ahead. One of the 11 NHS ethics committee in Scotland 
approves the protocol. All participants are informed for the possible 
risks and the potential benefits of the treatment. The risks include 
a very small risk of gastrointestinal adverse effects like nausea and 
diarrhea and a small risk of hypoglycemia. The possible beneficial 
effects include increase or even preserve C-peptide levels, preserve 
remission period, decrease insulin requirements, improve glycemic 
control, delay gastric emptying and promote weight loss. The 
findings will provide evidence for the effects of GLP-1 agonists on 
β-cell function in the onset of diabetes type 1, suggest an alternative 
possible treatment in addition to insulin therapy in the diagnosis of 
the disease, suggest a different way to inhibit β-cell destruction than 
the usual immunosuppressants, contribute to the prolongation of 
the remission phase of the disease and potentially improve disease 
adverse impact of the participants. Consequently, the importance of 
these benefits is in proportion greater to the possible risk.

Dissemination Plan
Once the data are collected and analyzed, it is expected that 

these findings will be disseminated through oral presentations at 
community meetings and scientific conferences for diabetes research 
and treatment strategies. Secondly, it is expected that this project will 
be published in a scientific journal enabling scientific community and 
colleagues to access it. The final step includes dissemination of the 
information to board audiences and simplification of the findings by 
creating a short video, uploading it to social media.
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