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What is already known about this topic?

In adolescents, previous meta-analyses of GLP-1RAs in patients with T2DM and obesity haveéidemonstrated tha -1RAs were

beneficial for glycemic control and weight loss. However, only nine RCTs were includg e, limited sampl¢ size prevented

further subgroup analyses.

What this study adds to the literature?
This study expanded the sample size included. Meanwhile, our stus RAs reduced HbAlc, FPG, and weight loss in
overweight/obese and/or T2DM adolescents. The GLP-1RAs no ificant effect on lower blood sugar in adolescents with simple
obesity. Based on subgroup, liraglutide is better than exenafide in termsg@f glucose reduction. Nevertheless, in terms of weight control,

exenatide is better than liraglutide.

Abstract

Objective: This meta-analysis aimed t stigate of glucagon-like peptide-1 receptor agonists (GLP-1RAs) on blood glucose

and weight in overweight/obese T typ iabetes mellitus (T2DM) adolescents aged <18 years.

Methods: Herein, we searched Pul , Embas eb of Science, and Cochrane Library for all randomized controlled trials (RCTs)

comparing GLP-1RAs in eight/obese and/or T2DM adolescents and extracted relevant data up to August 2023 for
meta-analysis.
Results: Foi Ts ded in the meta-analysis with a total of 1262 participants. Results revealed that the GLP-1RAs group
had a more Significant réduction in glycosylated hemoglobin Alc (HbAlc; risk difference (RD)=—0.34%, P<0.001) than the control

no difference in fasting blood glucose (FPG; RD=-2.07mg/dL, P=0.065) between the two groups.

¢ experimental group that administered exenatide showed a no significant reduction in HbAlc (P=0.253) and FPG

en the two groups. The GLP-1RAs group had a more significant decline in body weight (RD=-4.28kg, P=0.002) and

1.63kg/m2, P=0.002) compared to the control group. The experimental group was adopted with liraglutide (RD=-2.31kg,
38) or exenatide (RD=-2.70kg, P<0.001). Compared to the control group, the experimental group had a more significant drop in

dy weight than the control group. But for the experimental group that received liraglutide, the BMI had a no significant reduction

between the two groups (RD=-0.81kg/m2, P=0.260). For the experimental group that was adopted with exenatide, BMI revealed a more

significant decline in the intervention group than in the control group (RD=-1.14kg/m2, P<0.001).

Conclusion: This study showed that GLP-1RAs reduced HbAlc, FPG, and weight loss in overweight/obese and/or T2DM adolescents.

Liraglutide is better than exenatide in terms of glucose reduction. Nevertheless, in terms of weight control, exenatide is better than

liraglutide.
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Introduction

Obesity has always been a global public health problem. More than two billion people worldwide suffé nd the number

continues to increase [1]. The global obese adolescent population was estimated to excegéhl 00 million [2]. 2 obesity has always

aglutide for treating adolescent
(1217 years) obesity [4]. Morbidly obese adolescents could con i y, Buf both surgical complications and safety limited
the promotion of surgery in adolescents [5].

The T2DM prevalence was low in adolescents, but as obesity 4 ecame increasingly prevalent in adolescents [2]. The

frequent complications, such as diabetic retinopathy,

d to treat T2DM include: metformin, insulin and

eta-analysis design and reporting followed the PRISMA 2020 updated guidelines [13] and was registered in PROSPERO 2023

RD42023467678). Our study aimed to investigate the effects of GLP-1RAs on blood glucose and weight in adolescents with
overweight/obese and/or T2DM.
From establishing the library to August 2023, two researchers independently searched four databases, including PubMed, Web of Science,
Embase, and Cochrane Library. The search terms were as follows: glucagon-like peptide-1 receptor agonist OR exenatide OR liraglutide
OR dulaglutide OR lixisenatide OR semaglutide OR albiglutide OR taspoglutide OR loxenatide) AND (Children OR Adolescents OR

Teens OR Teenagers OR Youths OR Adolescents, Female OR Adolescents, male. Moreover, reference lists in all retrieved articles were



searched. The primary outcomes of the included articles involved glycosylated hemoglobin Alc (HbAlc), fasting plasma glucose (FPG),
and body weight. Filter articles according to PICOS principles. When a dissenting opinion is encountered, a third person will be
recruited.

Inclusion and exclusion criteria

The included studies were based on the following PICOS principle: 1) overweight/obese and/or T2DM in adolescents aged <18 years; 2)
the intervention group received GLP-1RAs; 3) the control group received placebo; 4) the primary outcomes were HbAlc, FPG, and body
weight; 5) RCT studies.

The exclusion criteria were as follows: 1) uncomplete available text; 2) participants included adults; 3) non-English articles; 4)
unextracted data; 5) updated RCTs. When updating published articles for the same study cohort, the most recent or largest population
studies were selected.

Data extraction and quality assessment

Two researchers extracted the data separately using pre-designed forms. Extracted data included: 1) the authors, pul

and registration number of the study; 2) subject participants, such as comorbidity, mean body mass index (BMI), a, recruitment time,

therapeutic regimen, treatment duration, sample sizes for experimental and control groups; 4) outcomes, H dy weight.

Following Cochrane guidelines, RCTs were assessed by two review authors. The labels "high risk," "1d S unclear risk" were

Statistical analysis
This meta-analysis was explored using Stata Software 12.0 (Stata CorporatiQ United States) and Review Manager
5.3 (RevMan version 5.3; Oxford, UK). The definition of Risk di he mean difference. RD and 95% confidence
intervals (CI) were used to assess the association of GLP-1RAs wi

assessed by the chi-square test with an inconsistency index (I icated low heterogeneity; I = 25%-50% indicated moderate

Results
Description of the studies

In accordance with the search cri

not RCTs, 42 included
inaccessible ~Bven en RCTs were included in the meta-analysis (Fig. 1) [16-29].
The 14 RC ere sele to research GLP-1RAs in adolescents who were overweight/obese and/or T2DM. In these studies, most

18, with an average BMI greater than 30. All studies were in Western countries or predominantly Western

ies with a treatment duration of 5-68 weeks. Six studies adopted liraglutide, five adopted exenatide, two adopted
one adopted dulaglutide. All participants included obesity, T2DM, and overweight combined with T2DM. In total, 754
were allocated to GLP-1RAs therapy, and 508 were treated with the placebo. Patients with T2DM have previously received
in, insulin, or exercise therapy. Most trials combined lifestyle, diet, and exercise interventions. Table 1 and Supplementary

ble 1 contain a list of the characteristics of the analyzed studies in this meta-analysis.
Quality evaluation
Figs. S1-2 depict the included studies assessments. Herein, we used the Cochrane Collaboration method to assess each RCT quality. All
included studies were assessed as low risk regarding random sequence generation and allocation concealment. Most studies were rated as

low risk in blinding of participants and personnel and selective reporting, whereas a small number were rated as unclear. Most studies



were classified as low risk, while only a small number were evaluated as high risk, and a few were at unknown risk concerning blinding
of outcome assessment and incomplete outcome data. For other biases, the included studies were assessed as being at unclear risk.
Result analysis

Fig. 2 summarizes the effects of GLP-1RAs on HbAlc and FPG in the whole population. Nine studies reported HbA 1 ¢ results, revealing
that participants in the GLP-1RAs group had a more significant reduction in HbAlc compared to the control group (RD=-0.34%,
P<0.001, 95%Cl1=[-0.51, —0.18]; Fig. 2a). However, the heterogeneity was 91.2%. Ten studies reported FPG findings, indicating that
FPG had a greater decrease in the intervention group than in the control group (RD=-2.07mg/dL, 95%CI=[—4.28, 0.13]), but the
difference was no significant (P=0.065; Fig. 2b). The heterogeneity was 57.7%.

For HbA ¢, subgroup analysis was performed by participant type, showing that HbAlc exhibited no significant reduction between the
two groups for obese participants (non-T2DM) (P=0.087; Fig. 3a). Notably, for T2DM patients, HbAlc showed a more signif

decrease in the intervention group than in the control group (RD=-1.10%, P<0.001, 95%Cl=[-1.38, —0.83]; Fig. 3b). Furthet subgroup
analysis was conducted in terms of HbAlc in the whole population (Table 2-1). For the study of the participant number in t

experimental group < 50, HbAlc revealed a no significant decrease between the two groups (P=0.079). For the stu he participant

number in the experimental group > 50, the GLP-1RAs group had a more significant reduction than the cq S R .55%,

P<0.001). For the experimental group that was adopted with liraglutide, HbA1c indicated a more signi he intervention

The FPG was analyzed in subgroups, indicating that for adolescents with obesity, no sig i ces were found in FPG reduction
between the two groups (P=0.119) (Fig. 4a). For T2DM adolescents, FPG lg; decrease in the intervention group

than in the control group (RD=-19.48mg/dL, 95%Cl=[-41.20, 2. nce'did not reach statistical significance (P=0.079;

Fig. 4b). Further subgroup analysis was performed in terms of FP! e wh n (Table 2-1). For the study of participant

levels had a no significant reduction between the two

and > 50 (RD=-7.64kg, P=0.070), body weight had a more significant decrease in the intervention group

ut the latter difference was no significant. The experimental group was adopted with liraglutide (RD=-2.31kg,

decrease in body weight than the control group.

e study of the participant number in the experimental group < 50, the BMI decline in the experimental group was more significant
an in the control group (RD=-0.88kg/m? P=0.015). For the study of participant number in the experimental group > 50, BMI had a no
significant reduction between the two groups (P=0.089). For the experimental group that was adopted with liraglutide, BMI showed a no
significant reduction between the two groups (P=0.260). For the experimental group that was adopted with exenatide, BMI revealed a
more significant decline in the intervention group than in the control group (RD=-1.14kg/m?, P<0.001). For treatment durations, both <
52 (RD=-0.56kg/m?, P=0.034) and > 52 weeks (RD=-2.79kg/m?, P=0.039), BMI exhibited a more significant decrease in the

intervention group than in the control group. Furthermore, this study was further analyzed from a BMI perspective (%) (Table 2-2).



Subgroup analysis was performed for participants with obesity regarding body weight (kg) and BMI (kg/m? and %). Body weight was a
more significant decrease in the intervention group than in the control group (RD=-4.72kg, P=0.002; Fig. 6a). The BMI was a more
significant drop in magnitude in the experimental group than in the control group (RD=-1.93kg/m?, P=0.003; RD=-7.31%, P=0.004;
Figs. 6b—c).

Discussion

This study indicated that GLP-1RAs, compared to placebo, decrease HbAlc, FPG, and body weight in adolescents with
overweight/obese and/or T2DM. Remarkably, GLP-1RAs had a no significant effect on HbAlc and FPG in adolescents with obesity
(non-T2DM). In T2DM, our study manifested that liraglutide was more effective in adolescents than exenatide in lowering HbAlc and
FPG. In contrast, exenatide was more effective than liraglutide in weight control. With the treatment prolongation, the efficacy of

GLP-1RAs on glucose control decreased; conversely, weight control was more effective. Moreover, Daniel ef al. demonstratg,

obese adolescents, semaglutide plus lifestyle intervention treatment resulted in a more significant reduction in BMI than li
intervention alone [17]. William et al. showed that liraglutide effectively improves blood sugar in T2DM adolescent: 1.

are consistent with our study.

blood sugar

The GLP-1RAs mainly reduce glucose through the following aspects: (1) GLP-1RAs can stimulate insulin

jent Ca®* channels

by pentapeptide gastrin [41].

Our study indicated that liraglutide wa:

(SNS) pathways. (3) GLP-1RAs also reduce peripheral lipid storage in white adipocytes in mice by a mechanism that relies on

S activation [45]. (4) In mice and monkeys, GLP-1RAs target pathways that reduce body weight and improve many metabolic
parameters by producing GLP-1 bispecific molecules [46]. (5) Studies have demonstrated that obese teenagers can lose weight through
these mechanisms, as well as increased fat and reduced carbohydrate oxidation [47]. Our study indicated that exenatide was more
effective than liraglutide in weight loss. One reason is that exenatide and lowering glucose have been shown to improve lipid
homeostasis, reduce body weight, improve insulin resistance, and reduce hepatic steatosis [48, 49]. Another aspect is that exenatide treats

obesity by regulating CTRP3 and PPAR-y gene expression, which are related to lipogenesis [50]. Nevertheless, the meta-analysis



conducted by Paul M. et al. has indicated that a no significant difference exists between liraglutide and exenatide in adolescent weight
loss [12]. This may be due to their inclusion of a limited number of RCTs. Our research revealed that GLP-1RAs are more effective in
reducing body weight with prolonged treatment. This may be because GLP-1 produces anorexia effects on the mediation of the brainstem
and hypothalamic nucleus [43]. The severity of anorexia increases with therapy duration, resulting in greater weight loss.

This meta-analysis is an updated study of published RCTs on the effectiveness of GLP-1RAs in treating overweight/obese and/or T2DM
adolescents. Our study once again confirms the effectiveness of GLP agonists in lowering glucose and weight in adolescents. In addition,
we explored the different effects of exenatide and liraglutide on hypoglycemic and weight reduction in adolescents. Additionally, we
found that prolonged treatment may affect the efficacy of controlling glucose and weight. However, our study also has some limitation:
First, our study included multiple GLP-1RAs, but subgroup analyses of all drugs were impossible because of limited data. Second, a ft

subgroup analyses of the included studies affected credibility to some extent. Third, because there were some differences in th

studies, the heterogeneity of the final analysis was higher, which reduced credibility. Therefore, a random-effects model wastused for

analysis. Fourth, the included studies were all multicenter studies in Western countries; consequently, the results couldiiot bedicectly

generalized to other countries.
Conclusion

This study confirms that GLP-1RAs reduced HbAlc, FPG, and weight loss in adolescents with overwé obesity afidior T2DM.

glucagon-like peptide; BMI: body mass index; CI: confidence inte : cndopla reticulum; SNS: sympathetic nervous system;

NA: not available.
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Table 1. Characteristics of all the studies included in the meta-analysis.

T2

Mean  Experim
Control Treatment
Yea age ental Interventio
Author Participants group Target dose duration
r (years  group n
(number) (weeks)
) (number)
Weghube 202 2.4 mg
Obesity 15.4 134 67 Semagluti 68
r 2 weekly
de
0.75 mg
Arslania 202 Overweight Dulaglutid
14.5 103 51 weekly, 1.50 26
n 2 , T2DM e
mg weekly
Tamborl 202 2.00 mg
T2DM 15 58 24 Exenatide 24
ane 2 weekl
202 Liraglutid
Diene Obesity 143 19 12 3.00m; 52
2
202
Fox Obesity 16 33 33
2
202
Kelly Obesity 15.4 133 67 75
3
Mastrand 201 iraglutid ~ 3.00 mg
Obesity 9.9 16 8
rea 9 weekly
201
Kelly Obesity 12.7 5 6 Exenatide  0.02 mg daily 13
2
201  Overweight Liraglutid
Klein 1.80mg daily 5
4 , T2DM e
Tamborl 201  Overwei Liraglutid
1 68 1.80 mg daily 26, 52
ane 9 , T e
201 Liraglutid
Danne sity 9 14 7 3.00 mg daily 5
7 e
Liraglutid
Kelly esity 14.5 125 126 3.00 mg daily 56
e
ghube 2.00 mg
Obesity 14 22 22 Exenatide 24
weekly
01
el Obesity 15.2 12 10 Exenatide  0.02 mgdaily 13
3

type 2 diabetes mellitus.



Table 2-1. Subgroup analysis of HbAlc and fasting plasma glucose.

No. of Heterogeneity
RD 95%ClI P

studies I
HbAlc (%)
Experimental group (number)<50 4 -0.17 -0.35,0.02 0.079 80.4%
Experimental group (number)>50 5 -0.55 -0.82,-0.29 <0.001 93.4%
Liraglutide 4 -0.47 -0.84,-0.11 0.011 89.5%
Exenatide 3 -0.11 -0.30, 0.08 0.253 73.5%
Treatment duration<52weeks 6 -0.66 -1.03, -0.29
Treatment duration >52weeks 4 -0.23 -0.44,-0.02
Fasting plasma glucose (mg/dl)
Experimental group (number)<50 6 -0.83 -2.86,1.20
Experimental group (number)>50 4 -4.29 -8.93, 0.35
Liraglutide 4 -1.91 -3.07,-0.75
Exenatide 5 -0.62 -3.00, 1.76
Treatment duration<52weeks 8 -3.51 -7.10, O?
Treatment duration>52weeks 3 -1.52 -2.62,

HbAc, glycosylated hemoglobin Alc; RD, risk difference; CI, confidence interval.



Table 2-2. Subgroup analyses of body weight and BMI.

No. of Heterogeneity
RD 95%Cl P

studies B
Body weight (kg)
Experimental group (number)<50 6 -2.44 -3.64,-1.24 <0.001 0.0%
Experimental group (number)>50 3 -7.64 -15.90, 0.61 0.070 95.8%
Liraglutide 3 -2.31 -4.50, -0.13 0.038 49.9%
Exenatide 5 -2.70 -4.05,-1.36 <0.001 0.0%
Treatment duration<52 weeks 6 -2.09 -3.18, -0.99 <0.001
Treatment duration>52weeks -8.86 -17.52,-0.20 0.045
BMI (kg/m?)
Experimental group (number) <50 5 -0.88 -1.59,-0.17
Experimental group (number) >50 3 -2.50 -5.38,0.38 %
Liraglutide 2 -0.81 -2.22,0.60 87.2%
Exenatide 4 -1.14 -1.69, -(Q 0.0%
Treatment duration<52weeks 5 70.7%
Treatment duration>52weeks 4 95.6%
BMI (%)
Experimental group (number)<50 4 77.6%
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Exenatide 4 77.6%
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RD, risk difference; BMI, body mass index; CI, co

nce
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Fig. 1. Flow diagram of selection.
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Fig. 4. Forest plot of meta-analysis
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GLP-1RAs on FPG (a: obesity, p=0.119; b: T2DM, p=0.079).
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Fig. 5. Forest plot of meta-analysis of t ect of s on body weight and BMI in all participants (a: body weight, p=0.002; b: BMI,
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Fig. 6. Forest plot of meta-analysis of the effect of GLP-1RAs on weight control in obesity (a: body weight, p=0.002; b: BMI(kg/m?),
p=0.003; c: BMI(%), p=0.004).

Figure legends



Fig. 1. Flow diagram of selection.

Fig. 2. Forest plot of meta-analysis of the effect of GLP-1RAs on HbAlc and FPG in all participants. (a: HbAlc, p<0.001; b: FPG, p=0.065).
Fig. 3. Forest plot of meta-analysis of the effect of GLP-1RAs on HbAlc (a: obesity, p=0.087; b: T2DM, p<0.001).

Fig. 4. Forest plot of meta-analysis of the effect of GLP-1RAs on FPG (a: obesity, p=0.119; b: T2DM, p=0.079).

Fig. 5. Forest plot of meta-analysis of the effect of GLP-1RAs on body weight and BMI in all participants (a: body weight, p=0.002; b: BMI,
p=0.002).

Fig. 6. Forest plot of meta-analysis of the effect of GLP-1RAs on weight control in obesity (a: body weight, p=0.002; b: BMI(kg/m?),
p=0.003; c: BMI(%), p=0.004).

Table legends

Table 1. Characteristics of all the studies included in the meta-analysis.

Table 2-1. Subgroup analysis of HbAlc and fasting plasma glucose.

Table 2-2. Subgroup analyses of body weight and BML
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Supplementary Fig. 1. Risk of bias graph for quality assessment of the included RCTs.

Random sequence generation (selection bias)
Allocation concealment (selection bias)
Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)
Selective reporting (reporting bias) _:l

Other bias
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. Low risk of bias D Unclear risk of bias . High ri

Supplementary Fig. 2. Risk of bias summary for quality as&G acluded RCTs.
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Supplementary Table 1. Characteristics of all studies included in the meta-analysis.

Supplementary Table 1. Characteristics of all the studies included in the meta-analysis.

Trial Concurrent
. Recruitment Age Mean BMI
Author Year registration Country ) non-drug
time (year) (kg/m?) ) }
number intervention
Lifestyle
Weghuber | 2022 | NCT04102189 | Multi-center | 2019-2022 12-18 37 ) )
interventio
Diet and exe
Arslanian 2022 | NCT02963766 | Multi-center | 2016-2020 10-18 34.1 )
intefve iS
Tamborlane | 2022 | NCT01554618 | Multi-center | 2016-2020 10-18 36.36
iet and exercise
Diene 2022 | NCT02527200 | Multi-center | 2015-2020 12-17
rventions
United iet and exercise
Fox 2022 | NCT02496611 2015-2019 3
States interventions
Diet and exercise
Kelly 2023 | NCT04102189 | Multi-center | 2019-2022 37.1 ) )
— interventions
United
Mastrandrea | 2019 | NCT02696148 2016-2017, >30 NA
States
United Lifestyle
Kelly 2012 | NCT00886626 36.7 ) )
States interventions
Liraglutide: 40
Klein 2014 | NCT00943501 | Multi-cen 10-17 NA
Placebo: 39.9
Diet and exercise
Tamborlane | 2019 | NCT01541215 -2018 10-17 339 ) .
interventions
Danne 2017 2013-2014 12-17 >30 NA
Liraglutide: 35.3 Lifestyle
Kelly 2020 2016-2019 12-18
Placebo: 35.8 interventions
Lifestyle
Weghuber | 202 Multi-center | 2015-2016 10-18 >30 ) )
nterventions
United Lifestyle
Kelly 2011-2012 12-19 42.5 ) )
States interventions

A, not available.
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