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IMPORTANCE Obesity affects 1in 5 children and adolescents, increasing the risk of type 2
diabetes (T2D). Glucagon-like peptide-1receptor agonists (GLP-1 RAs) are among the few
pharmacotherapy options available for this population, necessitating a comprehensive
evaluation of efficacy and safety.

OBJECTIVE To assess the efficacy and safety of GLP-1RAs in children and adolescents (<18
years) with obesity, prediabetes, or T2D.

DATA SOURCES A systematic search was conducted in PubMed, Embase, and the Cochrane
Central Register of Controlled Trials (CENTRAL) for randomized clinical trials (RCTs) published
from inception until February 28, 2025. Data analysis was completed from January 2025 to
April 2025.

STUDY SELECTION RCTs comparing GLP-1RAs to placebo in children and adolescents with
obesity, overweight, prediabetes, or T2D with reported safety and efficacy data were
included.

DATA EXTRACTION AND SYNTHESIS Two reviewers independently extracted data on sample
size, population, interventions, follow-up, and outcomes. Risk of bias was assessed using
version 2 of the Cochrane risk of bias tool (RoB2). Efficacy outcomes (except lipids) were
analyzed as estimated treatment differences, lipids as estimated treatment ratios, and safety
via rate ratios. A random-effects inverse variance model was used for all outcomes.

MAIN OUTCOMES AND MEASURES The primary efficacy outcomes were change in hemoglobin
A, (HbA,)) (in percentage points), fasting glucose (in milligrams per deciliter), body weight
(in kilograms), body mass index (BMI, calculated as weight in kilograms divided by height in
meters squared), BMI z scores or percentiles, BMI standard deviation score (SDS), lipid
outcomes, and blood pressure. Exploratory efficacy outcomes included obstructive sleep
apnea and metabolic dysfunction-associated steatohepatitis or metabolic dysfunction-
associated steatotic liver disease. Safety outcomes included gastrointestinal adverse effects
(Gl AEs), infections, hepatobiliary disorders, suicidal ideation or behaviors, depression,
hypoglycemia, and adverse event discontinuations.

RESULTS A total of 18 RCTs (11in obesity, 6 in T2D, and 1in prediabetes) with 1402 participants
(838 GLP-1RA users and 564 placebo) were included (mean [range] age, 13.7 [6-17] years; 831
female participants (59.3%); median [IQR] treatment duration, 0.51[0.25-1.00] years). GLP-1
RAs significantly reduced HbA,_ (-0.44%; 95% Cl, -0.68% to -0.21%), fasting glucose (-9.92
mg/dL; 95% Cl, -16.20 to -3.64), body weight (-3.02 kg; 95% Cl, -4.98 to -1.06), BMI (-1.45;
95% Cl, -2.40 to -0.49), BMI SDS (-0.20; 95% Cl, -0.36 to -0.05), BMI percentile (-7.24%;
95% Cl, -12.97% to -1.51%), and systolic blood pressure (-2.73 mm Hg; 95% Cl, -4.04 to
-1.43) and increased Gl AE (log[rate ratio] [RR], 0.75). Other AEs, including suicidal ideation or
behaviors, showed no significant differences.

CONCLUSIONS AND RELEVANCE In this systematic review and meta-analysis of 18 trials, GLP-1 Author Affiliations: Author
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hildhood obesity has reached epidemic levels, affect-

ing 1in 5 children and adolescents younger than 18

years.! This rise has paralleled a steady increase in type
2 diabetes (T2D) cases among youth, with projections indicat-
ing continued growth.?* Additionally, the risk of developing
other comorbidities like liver disease, hypertension, and dys-
lipidemiais also higher. As a result, these individuals could ex-
perience a prolonged duration of chronic disease in their
lives.?->7 Given the important public health concern, early in-
tervention is crucial in children and adolescents with obesity
or T2D.

Despite the need, treatment has remained limited to met-
formin and insulin for more than 3 decades.®° The US Food
and Drug Administration (US FDA) first approved liraglutide,
a glucagon-like peptide-1receptor agonist (GLP-1 RA), for use
in children and adolescents with T2D in 2019, followed by ap-
proval of liraglutide, semaglutide, dulaglutide, and extended-
release exenatide for obesity and T2D, while tirzepatide, a dual
GLP-1 RA/glucose-dependent insulinotropic polypeptide re-
ceptor agonist, is under investigation for T2D and obesity in
this population.®° Pediatric guidelines for obesity and T2D have
also expanded to include GLP-1 RAs as a pharmacotherapy
option.!° The gap in treatment options and availability of GLP-1
RAs hasled to an exponential increase in the use of GLP-1RAs
from 2020 to 2023 in this young population.®!

The psychological impact of GLP-1 RAs is a growing
concern.'?'* Suicide rates in US youth nearly tripled from 2007
to 2017, with 17% of US youth reporting suicidal ideation and
7% to 8% attempting suicide annually.* Regulatory agencies
like the US FDA and the European Medicines Agency are re-
viewing possible links between GLP-1 RAs and suicidal
behaviors.'?!* Additionally, findings from a meta-analysis of
randomized clinical trials (RCTs) in adults have shown a re-
duced risk of depression in the GLP-1 RA group.'® With 15.1%
of adolescents reporting major depressive episodes in 2018 to
2019, GLP-1 analogs’ antidepressant effects, linked to re-
duced neuroinflammation, enhanced neurogenesis, and brain
modulation, warrant exploration.'®” Although animal mod-
els show reduced depression-like behaviors, human data are
lacking.'® Therefore, exploring the potential antidepressant ef-
fects of GLP-1RAs in children and adolescents could be a valu-
able area of interest. Additionally, GLP-1 RAs have demon-
strated benefits in managing obstructive sleep apnea (OSA) in
adults with obesity or T2D, yet these effects remain unex-
plored in pediatric populations.!®-2° We aim to explore these
outcomes as safety events and to evaluate the potential re-
purposing of GLP-1RAs in children and adolescents with these
conditions.

Existing systematic reviews and meta-analyses on GLP-1
RAsin children and adolescents are limited in scope, with sev-
eral critical gaps.?'22 This meta-analysis updates efficacy and
safety data by incorporating studies published between 2023
and 2025, including trials in children as young as 6 years, be-
yond the previous focus on adolescents aged 10 to 12 years or
older. Recent FDA approvals of dulaglutide and semaglutide
for pediatric use underscore the need for reevaluation. Addi-
tionally, prior reviews have focused mainly on gastrointesti-
nal adverse effects, lacking evaluation of other adverse events
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Key Points

Question What are the efficacy and safety of glucagon-like
peptide-1 receptor agonists (GLP-1RAs) in children and
adolescents?

Findings In this systematic review and meta-analysis of 18
randomized clinical trials involving 1402 participants aged 6 to 17
years, GLP-1RAs significantly reduced hemoglobin A, , fasting
glucose, body weight, body mass index (BMI), BMI standard
deviation score, BMI percentile, and systolic blood pressure.
Gastrointestinal adverse events were significantly more common
among those taking GLP-1 RAs, while rates of discontinuation,
depression, suicidal ideation or behaviors, and hepatobiliary
disorders were not significantly different from placebo.

Meaning GLP-1RAs were effective in improving glycemic control,
weight, and cardiometabolic outcomes in children and
adolescents. Suicidal ideation and behaviors and depression
showed no significant differences, although gastrointestinal
adverse effects remain a consideration for long-term use.

and events of regulatory concerns, such as suicidal
behaviors.?123

This systematic review and meta-analysis synthesizes RCT
evidence on the efficacy and safety of GLP-1 RAs in children
and adolescents with T2D, prediabetes, and/or obesity, pro-
viding an updated evaluation of GLP-1 RAs’ therapeutic po-
tential and risks.

Methods

Literature Search

A systematic search was conducted in PubMed, Embase, and
the Cochrane Central Register of Controlled Trials (CEN-
TRAL) to identify relevant RCTs published from inception un-
til February 28, 2025. The search included studies evaluating
the efficacy and safety of approved anti-obesity drugs in chil-
dren and adolescents with obesity, overweight, prediabetes,
or T2D. The search used controlled vocabulary (eg, MeSH in
PubMed, Emtree in Embase) and free-text keywords related
to obesity, T2D, children, adolescents, and GLP-1 RAs. Terms
for obesity, T2D, age groups, GLP-1 RA components or brand
names, and RCT filters were combined. Full strategies are pro-
vided in eTable 1 in Supplement 1.

We included RCTs of approved GLP-1 RAs in individuals
younger than 18 years with obesity, overweight, prediabetes,
or T2D assessing GLP-1 RAs alone or with lifestyle modifica-
tion vs placebo. We excluded post hoc analyses and studies
lacking both efficacy and safety outcomes. A study author (P.K.)
deduplicated results before importing into Covidence, which
helped minimize inconsistencies in study exclusion
criteria.?*2%

Data Screening and Extraction

Data screening and extraction were performed by 4 study au-
thors (P.K., W.H., Y.Y.Y., and V.M.N.) Title and abstract screen-
ing of all search results was conducted independently by 2 re-
viewers using Covidence. Full-text screening of eligible studies
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was also done by 2 independent reviewers, with a third
resolving any conflicts. Systematic reviews meeting the
inclusion criteria were examined for relevant component
studies.

A prespecified set of variables streamlined data extrac-
tion. Extracted data included first author, year, sample size,
population, GLP-1 RA type, treatment duration, follow-up,
country(ies), and key efficacy or safety measures. The effi-
cacy measures included hemoglobin A, (HbA,., in percent-
age points); fasting plasma glucose (FPG, in milligrams per
deciliter); weight outcomes (body weight [in kilograms],
body mass index [BMI, calculated as weight in kilograms
divided by height in meters squared], and BMI z scores);
blood pressure, reported as estimated treatment difference
with 95% confidence intervals; and lipid profile, reported
using estimated treatment ratio (ETR) with 95% confidence
intervals. Metabolic dysfunction-associated steatohepatitis
or metabolic dysfunction-associated steatotic liver disease
(MASH/MASLD) and OSA were assessed as exploratory effi-
cacy outcomes.

Suicidal ideation and behavior were assessed prospec-
tively in the RCTs using the Columbia-Suicide Severity Rat-
ing Scale (C-SSRS), in alignment with the US FDA guidance for
industry.2® The guidance classifies this into 3 categories: sui-
cidal ideation, suicidal behavior, and self-injury without in-
tent. Ideation includes 5 severity levels; behavior includes pre-
paratory actions, aborted or interrupted attempts, attempts,
and completed suicide.The trials report these 3 groups to-
gether and will be hereafter be referred to as suicidal ideation
or behaviors.

All safety outcomes, including those related to explor-
atory efficacy, such as MASH/MASLD and OSA, were classi-
fied according to the Medical Dictionary for Regulatory
Activities (MedDRA) terminology by the RCTs and
accounted for throughout each trial’s follow-up period.
Safety measures were reported as total number of events in
each group and included gastrointestinal adverse events,
hepatobiliary disorders, infections, suicidal ideation or
behaviors, depression, hypoglycemia, and discontinuation
due to adverse events.

One reviewer compiled data into a standardized format,
capturing study details, inclusion and exclusion criteria, fol-
low-up duration, and reported outcomes. If outcome data were
unavailable in the published article, data were retrieved from
ClinicalTrials.gov. A second reviewer cross-checked and vali-
dated the extracted data, resolving discrepancies through con-
sensus discussions.

Data Synthesis and Analysis

Fasting glucose concentrations in millimoles per liter were con-
verted to milligrams per deciliter by multiplying by 18.0182.%”
If standard deviations at follow-up were missing, they were im-
puted using reported baseline standard deviations.?® Effect es-
timates for the meta-analysis were based on the difference be-
tween treatment groups in change from baseline for continuous
variables. In case of zero safety events, a 0.5 continuity cor-
rection was applied. Missing effect estimates or confidence in-
tervals were imputed using available baseline, follow-up, or
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change from baseline data for both intervention and placebo
groups following Cochrane guidelines.?® Pooled standard de-
viation and standard error were calculated using formulas from
Cochrane guidelines and RevMan Web (Cochrane).?%:2° The
number of events was used to calculate rate ratios for safety
events, as these were more commonly reported than the num-
ber of patients experiencing those events.>°

All outcomes of GLP-1RA vs placebo were summarized for
the type 2 diabetes or prediabetes population, the obesity popu-
lation, and overall.

All measures were assessed using random-effects in-
verse variance-weighted models that allow for heterogeneity
among individual study effect estimates.>®

We carried out a sensitivity analysis following the leave-
one-out approach for the main efficacy outcomes of interest
(ie, HbA, ., FPG, BMI, and BMI-SDS) to assess the robustness
of our findings.

Risk of Bias Assessment

The risk of bias for RCTs was assessed using the Cochrane Risk
of Bias in Randomized Trials version 2 (RoB2) tool by 2
reviewers.?! Each study’s risk of bias scores were compiled, and
if consensus was not reached between the 2 reviewers, the fi-
nal classification was determined by a third reviewer (P.K. or
J.G.)

Results are reported in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) reporting guidelines.?? The study protocol is
registered on PROSPERO (CRD42024583356).33 Statistical
analyses were performed using Stata version 16.0 (StataCorp).

. |
Results

Study Characteristics

A total of 18 (11 in obesity, 6 in T2D, and 1 in prediabetes) ran-
domized placebo-controlled trials with 1402 participants (838
GLP-1RA users and 564 placebo) investigating the efficacy and
safety of GLP-1 RAs met the inclusion criteria (Figure 1). Across
the 18 trials, the mean (range) age of included participants was
13.7 years (6-17), with 59.3% of participants being female (range,
31%-83.3%), 67.9% being White (range, 20.5%-93.2%), a me-
dian (IQR) treatment duration of 0.51 years (0.25-1.00), and a
median (IQR) follow-up duration of 0.19 years (0.05-0.49). A
total of 5, 15, and 6 trials reported the use of either dose-
stabilized metformin or basal insulin at baseline, concomi-
tant lifestyle intervention during the trial, and treatment ad-
herence, respectively. The characteristics of the included trials
are summarized in the Table. All trials (except Zhou and
colleagues*® and Fox and colleagues®') were sponsored by phar-
maceutical companies.3*>!

The overall heterogeneity remained high across most out-
comes when accounting for both populations (ie, T2D and obe-
sity together) (Figures 2, 3, and 4).

Overall, of 18 trials most showed some concern for the risk
of bias (8 trials), followed by low concerns (6 trials) and high
concerns (4 trials). The categorization of bias by category for
all included trials can be found in eTable 2 in Supplement 1.
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Figure 1. PRISMA Flow Diagram Displaying Results
of the Literature Search

468 Studies from databases or registers
182 CENTRAL
178 PubMed
107 Embase
1 ClinicalTrials.gov

134 Records removed before screening
128 Duplicates identified by Covidence
6 Duplicates identified manually

‘ 334 Records screened via title and abstract ‘

276 Studies excluded

‘

58 Reports sought for retrieval assessed
for eligibility

40 Records excluded from full review
20 Studies excluded from full review
13 Inappropriate study type
6 Aged 218y
1 Inappropriate exposure
20 Systematic reviews excluded due
to no new component studies

18 Studies included in final assessments

Efficacy Outcomes

Glycemic Outcomes

GLP-1RAs demonstrated significant reductions in HbA, . com-
pared to placebo across trials. Overall, treatment with GLP-1
RAs resulted in an absolute reduction of HbA, by -0.44% of
absolute HbA, (95% CI, -0.68% to -0.21%), with T2D trials
showing a greater absolute reduction of -0.94% (95% CI,
-1.25% to -0.62%) and obesity trials showing a compara-
tively smaller but significant absolute reduction in HbA,.
(-0.10%; 95% CI, —0.18% to —0.02%).

The reduction was also notable in another glycemic pa-
rameter (ie, FPG) in the GLP-1 RA group, with significant re-
ductions in the overall population (-9.92 mg/dL; 95% CI, -16.20
to -3.64) (to convert from milligrams per deciliter to milli-
moles per liter, multiply by 0.0555) and the T2D subgroup
(-22.56 mg/dL; 95% CI, -35.33 to -9.78), whereas the obesity
trials showed a nonsignificant reduction in FPG (-1.39 mg/
dL; 95% CI, -3.10 to 0.31) (Figure 2; eFigure 1 in Supple-
ment 1).

Weight-Related Outcomes

BMIreduced significantly in the overall population and the obe-
sity subgroup. Overall, GLP-1 RA treatment resulted in a sig-
nificant decrease in BMI by -1.45 (95% CI, -2.40 to —0.49), with
the obesity trials showing a larger effect (-1.71; 95% CI, -2.84
to —-0.58) compared to the T2D trials (-0.42; 95% CI, -1.10 to
0.27). BMI percentile also showed a similar trend, with the over-
all effect being —7.24% (95% CI, -12.97% to -1.51%) and the obe-
sity trials exhibiting a greater reduction (-8.78%; 95% ClI,
-14.90% to -2.67%), whereas the T2D trials showed a nonsig-
nificant reduction of -0.23% (95% CI, -0.76% to 0.30%). Simi-
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larly, BMI-SDS decreased by -0.20 (95% CI, —0.36 to —0.05)
overall, with obesity trials demonstrating a more pro-
nounced reduction (-0.26; 95% CI, -0.47 to -0.06) com-
pared to T2D trials (-0.05; 95% CI, -0.13 to 0.04) (Figure 2;
eFigure 2 in Supplement 1).

Thereduction in waist circumference was significant in the
GLP-1 RA group compared to placebo in obesity trials (-3.81
cm; 95% CI, -6.76 to —0.87), with no available data from T2D
trials. In terms of body weight, the overall reduction was -3.02
kg (95% CI, —4.98 to —1.06), while the obesity trials saw a greater
reduction of -4.72 kg (95% CI, -7.62 to -1.83). The T2D trials
showed a nonsignificant reduction of -0.40 kg (95% CI, -1.10
to 0.31) (Figure 2; eFigure 3 in Supplement 1).

Lipid Outcomes

In terms of lipid profile, changes across trials were generally
modest when analyzed using ETR. Overall, total cholesterol,
low-density lipoprotein (LDL), and high-density lipoprotein
(HDL) demonstrated minimal differences in the overall analy-
sis (total cholesterol: 1.00; 95% CI, 0.98-1.02; LDL: 1.00; 95%
CI, 0.99-1.04; HDL: 1.00; 95% CI, 0.97-1.04). The trends for total
cholesterol, LDL, and HDL remained consistent in obesity and
T2D trials. Triglyceride and very low-density lipoprotein lev-
els showed a nonsignificant reduction in the GLP-1 RA group
vs placebo, with overall ETRs of 0.95 (95% CI, 0.90-1.01) and
0.97 (95% CI, 0.90-1.04), respectively (Figure 3; eFigure 4 in
Supplement 1).

Blood Pressure Outcomes

There was a significant overall reduction of systolic blood pres-
sure (SBP) in the GLP-1 RA group by -2.73 mm Hg (95% CI,
-4.04 to -1.43), with a slightly more pronounced effect in 9
obesity trials (-2.85 mm Hg; 95% CI, —4.32 to -1.38) com-
pared to 2 T2D trials (-2.29 mm Hg; 95% CI, -5.14 to 0.56). Dia-
stolic BP (DBP) showed nonsignificant reductions overall by
-1.21mm Hg (95% CI, -2.81to 0.39), with a nonsignificant re-
duction in 9 obesity trials by -1.49 mm Hg (95% CI, -3.39 to
0.41). However, the effect in 1 T2D trial was minimal (-0.26
mm Hg; 95% CI, -3.11 to 2.59) (Figure 2; eFigure 5 in Supple-
ment 1).

Exploratory Efficacy Outcomes

GLP-1 RAs demonstrated a reducing nonsignificant trend for
OSA outcomes (ie, log[rate ratio] [logRR]): -0.70 (95% CI, -2.75
to 1.35). The information for this outcome was only available
from 2 obesity trials. For MASH/MASLD, data were only avail-
able from 1 T2D trial, but with 3 dose periods (0.75 mg, 1.5 mg,
and pooled), and we summarized the overall estimate, which
showed no significant difference in rate between the GLP-1RA
group and placebo (logRR, 0.24; 95% CI, -1.80 to 2.29)
(Figure 4; eFigure 6 in Supplement 1).

Safety Outcomes

Gastrointestinal Adverse Events, Hepatobiliary Disorders,

and Infections

Gastrointestinal adverse events showed a significantly increas-
ing trend with GLP-1 RA treatment vs placebo overall (IogRR,
0.73;95% CI, 0.38-1.07) across 14 RCTs. In T2D trials, no mean-

jamapediatrics.com

© 2025 American Medical Association. All rights reserved, including those for text and data mining, Al training, and similar technologies.


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapediatrics.2025.3243?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2025.3243
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapediatrics.2025.3243?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2025.3243
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapediatrics.2025.3243?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2025.3243
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapediatrics.2025.3243?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2025.3243
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapediatrics.2025.3243?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2025.3243
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapediatrics.2025.3243?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2025.3243
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapediatrics.2025.3243?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2025.3243
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamapediatrics.2025.3243?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2025.3243
http://www.jamapediatrics.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2025.3243

Original Investigation Research

Efficacy and Safety of GLP-1RAs in Children and Adolescents With Obesity or Type 2 Diabetes

sisAjeue ay3 ut papnjpul sem 3 ‘a8e Jo s1eah Gz 03 dn syuedidipied papnjaul g, |eli} SanSes||0d pue Yoy Ysnoyyy q
_quinu [3-vdan3e
'sa3aqelp ¢ 9dA1 ‘qz ‘9|qe|leA. Jou ‘YN SUONEIARIqQY

‘sisAjeue AJARISUSS aY3 Ul [elll sIY3 Suipn|axa Aq pazA|eueal 919Mm SaLW03N0 AJediye
ay3 'Ajjeuonippy -a8e jo sieah g| uey ja3unoA a1em (%, Aj@1ewixoidde) syuedidiied auy3 Jo 3sow asnedaq

95832 PAPURIXD
VN VN 660 ON S9A 8 A4 (8T-7T)9T  A)saqo 219A9S ge/ee buw oz 9plleusx3  TT996¥C0LIN TTOT g 1BI9X04
VN € 50 ON SOA 14 L9 (L1-0T) VT acl /08 brio 0T oplieusx3y  Tr08S9001IN  ogBI3USZBNSY
LT0C g 1230
VN VN SC0 ON SOA VN 53 (81-9)T'TT S932qelpald 12/1¢ bwzT apnniGel VN noyz
%Y1 F %E6:0432
-e1d ‘%8 ¥ %96 dpleudXd
JJodau Juased buipnyu|
%0 ¥ %58 ‘0ga2e1d
‘%Y1 ¥ %68 2pheusxs fyisaqo 10T g, 1032
‘Modal jua.ed buipnidx3 VN 690 ON VN LG8 19 o(§2-0T)6'9T  dlwejeyiodiy 61/€C bui oz opleusxy  TH¥#99¢01IN Loy
20T 4 183
VN 100 4] ON SIA 0L 969 (LT-0T) §°ST acl 6/81 brigzt opleussixim  8T6E08COLON  Z349d-sojualiieg
1e3ayy
Burnp unnsul
1eseq Jo ujwiofaw Fd\4
1184970 %¥°66 10 T PazI)iqeIs-asop ‘sop SoA SS 0L (LT-0T) S¥T acl 15/€01 brigT apAnBeIna  99/£9670LIN o, 101D UBILEISIY
6107 ¢, 1833
VN S0°0 SC0 ON VN €89 8¢ (11-2)6'6 Aysaqo 8/91 buo'e apnmbesT  8¥1969Z0LIN ealpuelisepy
1eL3 3y burinp
ulopaw ¥10C 441839
VN 10 T°0 Paziliqes-asop ‘sop SOA £L99 £99 (£1-0T) 8'%T acl LIVT buw g1 apambeNT  T0SE¥60010N uspl
70T ¢y 101
VN €10 T¢'1 UILLI0S38W ‘SA SOA 6L 9 (8T-2D) ¥'ST Aisaqo L9/¥€T bu 'z apanbewss  68TZ0T#0LIN Jagnybam
020C 7418 3°
«3U9]32X3 03 p00Y,, 700 L0 ON SO\ [4319) 0§ (81-01) ¥T Aysaqo we/te bui oz 9pl1euaXy (G-879100-ST0T Jagnybam
VN 6¥°0 80T ON SOA [/ 9 (11-9) 0T Aisaqo 92/95 buw g1 apanGeT  780S//701IN STOT 1,139 X04
LT0T 05183
VN €T°0 10 ON VN VN £99 (LT-21) SLPT Aysaqo LIVT buwo'e apnmbesT  98068/T0OLIN duueq
70T gc 181
VN L0 LV0 ON SIA L'ty 65 (£1-0T) ST acl v7/8S buw o'z opheusxy  8T9¥SSTOLIN auejloquue]
1e1118y3 burinp
ulwiogaw 6T0C g0 12
VN VN T PazI)iqeIs-asop ‘sap SOA 6179 6’19 (LT-0T) 9'%T acl 89/99 bw g1 apanGesT  STZIYSTOLON duejioquue]
Ky1saqo
pue swoJpuAs 20T ¢8R
VN 00 ! ON SOA 8¢9 €18 (L1-9)¥'TT MiM-Iapeld 61/9¢ buo'e apnmbesT  00Z/ZZSC0LIN aualdg
1el3ay;
Burnp unnsui
1eseq Jo ulwojaw 5:020C ‘1232
%08< 6¥'0 80°T Paziiqe3s-asop ‘sop SOA 88 ¥'6S (L1-2T) S'%T Aysaqo 9¢T/seI buwo'e apnmbesT  6/Z8T6C0LIN Ayl
€10C ¢ 181
«3U91193X3,, S0 S0 ON SoA 69/ ST9 (6T-TT) T'ST A1saqo aJanas €T/€T brio01 opieusxy  /6TLECTOLIN Anay
Ayisaqo 10T 4183
«3U91133X3,, VN S0 ON SOA 74 £'€8 (91-6)S'CT dWa.3x3 9/9 brio 01 dpleusxy  9¢9988001IN Ayl
juawieasy A ‘dn-mojjo4 A ‘Juswieasy ¢dZL UONUAAJRIUL  BUYM  djewdq A ‘abe uonjejndod  (ogadeld/yy  (wnuwixew) 2dA) vy 191313U3p! 924n0S
01 ddUdIBYPY Jo uoneing 10} Judwilea} 9f1say - % (abueu) ueapy 1-d19) Aep Jad asoq 1-d19 1eu3 jea1ud
jueywodu0d Auy ° sjuaned leuonieN
J0 "ON

S1USISB|OPY PUe UBIPJIY) Ul s|el] (VY [-d19) 1siuo8y 101daday |-apiidad )17-uoSean|n pa|j013u0)-0gade|d pazilopuey g| J0 SJNsIaldeley) auljdsey "a|qeL

E5

JAMA Pediatrics Published online September 15, 2025

jamapediatrics.com

ies.

lar technolog

imi

© 2025 American Medical Association. All rights reserved, including those for text and data mining, Al training, and s

dad del Bosque, A AA on 09/25/2025

versi

Downloaded from jamanetwork.com by Un


https://www.clinicaltrials.gov/study/NCT00886626?cond=NCT00886626&rank=1
https://www.clinicaltrials.gov/study/NCT01237197?cond=NCT01237197&rank=1
https://www.clinicaltrials.gov/study/NCT02918279?cond=NCT02918279&rank=1
https://www.clinicaltrials.gov/study/NCT02527200?cond=NCT02527200&rank=1
https://www.clinicaltrials.gov/study/NCT01541215?cond=NCT01541215&rank=1
https://www.clinicaltrials.gov/study/NCT01554618?cond=NCT01554618&rank=1
https://www.clinicaltrials.gov/study/NCT01789086?cond=NCT01789086&rank=1
https://www.clinicaltrials.gov/study/NCT04775082?cond=NCT04775082&rank=1
https://www.clinicaltrialsregister.eu/ctr-search/trial/2015-001628-45/SE
https://www.clinicaltrials.gov/study/NCT04102189?cond=NCT04102189&rank=1
https://www.clinicaltrials.gov/study/NCT00943501?cond=NCT00943501&rank=1
https://www.clinicaltrials.gov/study/NCT02696148?cond=NCT02696148&rank=1
https://www.clinicaltrials.gov/study/NCT02963766?cond=NCT02963766&rank=1
https://www.clinicaltrials.gov/study/NCT02803918?cond=NCT02803918&rank=1
https://www.clinicaltrials.gov/study/NCT02664441?cond=NCT02664441&rank=1
https://www.clinicaltrials.gov/study/NCT00658021?cond=NCT00658021&rank=1
https://www.clinicaltrials.gov/study/NCT02496611?cond=NCT02496611&rank=1
http://www.jamapediatrics.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamapediatrics.2025.3243

E6

Efficacy and Safety of GLP-1RAs in Children and Adolescents With Obesity or Type 2 Diabetes

Research Original Investigation

Figure 2. Overall Estimated Treatment Differences (ETDs) for Efficacy Estimates

Favors : Favors

QOutcome Heterogeneity, % Studies, No. ETD (95% Cl) GLP-1RA : placebo
Glycated hemoglobin, % 97.9 16 -0.44 (-0.68 to -0.21) -
Fasting plasma glucose, mg/dL  94.0 15 -9.92(-16.20t0-3.64) <«———
BMI 933 11 -1.45(-2.40t0 -0.49) —
BMI percentile, % 96.0 6 -7.24(-12.97t0-1.51) <—————
BMI SDS 94.0 10 -0.20 (-0.36 to -0.05) g Breakdown by study and subgroup of
Body weight, kg 90.0 14 -3.02 (-4.98 to -1.06) d'abeltesa”d obesity is available in
Waist circumference, cm 80.3 7 -3.81(-6.76 t0 -0.87) Supp gment 1. BMlindicates _bOd)_,

B B mass index, calculated as weight in
Diastolic BP, mm Hg 36.8 10 -1.21(-2.81t00.39) —_— . L . .

: kilograms divided by height in meters
Systolic BP, mm Hg 0 11 -2.73(-4.04 to-1.43) —_— squared; BP, blood pressure; GLP-1
-8 -5 0 3 RA, glucagon-like peptide-1 receptor

ETD (95% CI)

Figure 3. Overall Estimated Treatment Ratios (ETRs) for Lipid Outcomes

agonist; SDS, standard deviation
score.

Favors | Favors
Outcome Heterogeneity, % Studies, No. ETR (95% Cl) GLP-1RA : placebo
Total cholesterol 0 10 1.00(0.98-1.02) —
Low-density lipoprotein 0 10 1.00(0.99-1.04) —
High-density lipoprotein 0 10 1.00(0.97-1.04) —_—
Very low-density lipoprotein 0 4 0.97 (0.90-1.04) <«——=—+ Breakdown by study and subgroup of
Triglycerides 0 10 0.95(0.90-1.01) i diabetes and obesity is available in
0.9 1.0 11 Supplement 1. GLP-1 RA indicates
ETR (95% Cl) glucagon-like peptide-1receptor
agonist.
Figure 4. Overall Risk of Selected Adverse Events
Log (risk ratio) Favors | Favors
Outcome Heterogeneity, %  Studies, No. (95% Cl) GLP-1RA : placebo
Gastrointestinal adverse events 85.6 14 0.73(0.38t01.07) —-—
Hepatobiliary disorders 0 5 0.07 (-0.58 t0 0.72) ——
Infections 0 9 0.05(-0.13t00.23) -
Depression 0 4 0.02 (-1.54t0 1.58) —_— o )
Suicidal ideation or behaviors 0 5 -0.46 (-1.42 t0 0.49) e Suicidal behaviors encompa:sed
Hypoglycemia 0 7 0.51(-0.07 to 1.08) L suicide attempt, plan, or self-harm.
. o Breakdown by study and subgroup of
Discontinuation due to adverse events ~ 55.4 7 0.39(-0.37to 1.14) —— diabetes and obesity is available in
Exploratory outcomes Supplement 1. GLP-1 RA indicates
MASH or MASLD 0 1 (3 Dose periods)  0.24 (-1.80t0 2.29) —_— glucagon-like peptide-1 receptor
Obstructive sleep apnea 0 2 -0.70 (-2.75t0 1.35) — agonist; MASH, metabolic
—r—— . -
-3 101 3 dysfunction-associated

steatohepatitis; MASLD, metabolic
dysfunction-associated steatotic liver
disease.

Log (risk ratio)
(95% Cl)

ingful effect was observed (logRR, 0.31; 95% CI, -17 to 0.78).
However, obesity trials showed a notable increase in gastro-
intestinal adverse events in the GLP-1 RA group compared to
the placebo group (IogRR, 1.02; 95% CI, 0.65-1.40) (Figure 4;
eFigure 7 in Supplement 1).

GLP-1RAs demonstrated a nonsignificant trend for hepa-
tobiliary outcomes (IogRR, 0.07; 95% CI, —0.58 to 0.72). For
infections, the overall analysis across 9 RCTs suggested a pos-
sible increased rate (logRR, 0.05; 95% CI, -0.13 to 0.23), but
the effect was not statistically significant. No significant dif-
ference was observed between the treatment groups in T2D
trials (IlogRR, —0.03; 95% CI, -0.40 to 0.33), as well as in obe-
sity trials (IogRR, 0.26; 95% CI, —0.15 to 0.66) (Figure 4; eFig-
ure 8 in Supplement 1).
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Psychological Outcomes

There was no significant difference in depression in the GLP-1
RA group compared to placebo, with an overall logRR of 0.02
(95% CI, -1.54 to 1.58). Similarly, no significant effect was ob-
served in T2D trials (logRR, 0.27; 95% CI, -2.13 t0 2.67) or obe-
sity trials (logRR, -0.16; 95% CI, -2.20 to 1.89).

Only 5 of 18 trials mentioned the use of the C-SSRS at
baseline and follow-up; it remains unclear if C-SSRS was
used in other trials. GLP-1 RAs were associated with a trend
toward a decreased rate of suicidal ideation or behaviors,
with an overall logRR of -0.46 (95% CI, -1.42 to 0.49),
although this was not statistically significant. Similar trends
were observed in T2D trials (IogRR, —-0.62; 95% CI, -2.07 to
0.82) and obesity trials (logRR, -0.34; 95% CI, -1.62 to
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0.94), but neither reached statistical significance (Figure 4;
eFigure 7 in Supplement 1).

Hypoglycemia

GLP-1RA therapy showed a trend toward increased rates of hy-
poglycemia across 7 RCTs overall (IogRR, 0.51; 95% CI, -0.07
t01.08), but the effect was not statistically significant. The risk
of hypoglycemia showed a higher trend but remained nonsig-
nificantin the GLP-1RA group vs placebo in T2D trials (logRR,
0.40; 95% CI, -0.71to 1.51) and obesity trials (IogRR, 0.51; 95%
CI, -0.07t01.08) (Figure 4; eFigure 7 in Supplement 1). Diene
and colleagues®” and Tamborlane and colleagues® reported 1
serious hypoglycemia adverse event each, 1in the treatment
group (due to age) and placebo group, respectively.

Treatment Discontinuation Due to Adverse Events
Discontinuation due to adverse events showed a trend to-
ward an increased rate overall (IogRR, 0.39; 95% CI, —0.37 to
1.14) across 7 RCTs, although this was not statistically signifi-
cant. No notable effect was observed in T2D trials (logRR, -0.01;
95% CI, -1.13 to 1.10); however, obesity trials showed a non-
significant increasing trend (10gRR, 0.93; 95% CI, -0.38 to 1.14)
(Figure 4; eFigure 7 in Supplement 1).

Leave-One-Out Sensitivity Analysis

We performed a leave-one-out sensitivity analysis by exclud-
ing the Roth and colleagues*® trial, as it included a small pro-
portion of patients aged between 18 and 25 years.*® The re-
sults for the efficacy outcomes of HbA, ., FPG, BMI, and BMI-
SDS remained consistent with the main analysis, with
significant reductions in the GLP-1 RA group compared to pla-
cebo (eFigure 9 in Supplement 1).

|
Discussion

This extensive meta-analysis of 18 clinical trials evaluating the
use of GLP-1 RAs in the pediatric population with diabetes or
obesity offers a thorough synthesis of the benefits and risks
associated with GLP-1RAs in this underresearched group and
may contribute to informed clinical decision-making.

This meta-analysis found that GLP-1 RAs significantly re-
duced HbA,. and FPG overall and in T2D trials, with smaller,
nonsignificant effects in obesity trials. These findings are con-
sistent with existing findings from limited reviews in this popu-
lation, as well as findings from the adult population.>->? Ad-
ditionally, reduction in weight-related parameters, such as BMI,
body weight, waist circumference, BMI percentile, and BMI-
SDS, was observed overall, but was significant only in the obe-
sity trials. This was consistent with the GLP-1 RA meta-
analysis performed by Wong and colleagues® in the adult
population, which demonstrated greater reduction in pa-
tients without diabetes than in patients with diabetes. Over-
all, the lipid profile demonstrated nonsignificant increases by
less than 0.1 ETR, which suggests limited clinical signifi-
cance. The results were consistent with Rivera and col-
leagues’ meta-analysis>* comparing lipid profiles between the
GLP-1 RA group and the placebo group in adults. The signifi-
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cant reduction in SBP and nonsignificant reduction in DBP
across populations was similar to existing reviews in children
and adults.?*>°

We also observed a reducing trend in OSA in the GLP-1RA
group with obesity. Although this difference was not signifi-
cant, possibly because of different doses, fewer trials, or hetero-
geneity among trials, the lowering trend warrants further re-
search in this population. This could be of particular interest,
as some studies in adults have shown benefits for OSA, lead-
ing to the first approval of GLP-1 RAs for OSA by the USFDA in
December 2024.20-5¢

The risk of gastrointestinal adverse events remained sig-
nificantly elevated in the GLP-1 RA group compared to pla-
cebo; this could be attributed to the mechanism of action of
GLP-1 RAs, and the findings were consistent with existing
literature.?! There was a nonsignificant increase in the rate of
treatment discontinuation due to adverse events in the GLP-1
RA group. Hypoglycemia events showed an elevated nonsig-
nificant risk.

It is noteworthy that FDA guidance for industry requires
trials to document any suicide-related behaviors using C-
SSRS at baseline, during the trial, and at follow-up.2® How-
ever, only 5 of 18 trials document using this in publicly avail-
able publications or on ClinicalTrials.gov.36-37:39:46:50 [n the trials
that assessed and published this safety outcome, the risk of
suicide ideation or behaviors was not significantly different be-
tween the 2 groups. This is important given the growing con-
cerns about the use of GLP-1 RAs and suicidal behaviors and
the limited knowledge of this outcome in the pediatric
population.'?:!* However, continued surveillance is war-
ranted through RCTs and real-world evidence. There was no
significant difference in the risk of depression between the 2
groups. The nonsignificant findings of suicide ideation or be-
haviors and depression were consistent with a meta-analysis
of GLP-1 RA use in adults by Tang and colleagues.>”->°

To the best of our knowledge, this is the first meta-
analysis capturing 18 trials in the pediatric population assess-
ing GLP-1RAs and assessing 23 outcomes—specifically, the risks
of suicidal behaviors and depression—and exploring OSA and
MASH/MASLD across available RCT data in this population.

Limitations

This meta-analysis also has limitations. First, outcomes like sui-
cidalideation or behaviors, depression, and MASLD/MASH were
not primary outcomes in the included trials, possibly leading
tounderreporting, unclear classifications, or low precision. Sec-
ond, we used aggregated data rather than individual partici-
pant data, limiting subgroup analysis (eg, by comedications) and
confounding control. Third, variations in study design, popu-
lations, and outcome definitions may have introduced hetero-
geneity. Additionally, some data were extracted from Clinical-
Trials.gov due to the lack of reported outcomes in published
literature, potentially resulting in incomplete outcome cap-
ture. Some adverse events planned for extraction (eg, eating dis-
orders) could not be extracted due to limited reporting. BMI-
related efficacy by lifestyle intervention could not be assessed,
as most trials reported concomitant lifestyle interventions at
baseline or during the trial. Lastly, the variability in reporting
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of adherence and adverse events limited stratification by se-
verity or evaluation of adherence effects. These factors may
affect the robustness and generalizability of our findings.

patients, caregivers, and clinicians to make more informed
treatment decisions. However, to build on these findings, fu-
ture clinical trials and real-world studies could assess treat-

ment adherence with respect to patient preferences (eg, prob-
lems with self-management related to injectables or cost) and

Conclusions

In conclusion, this systematic review and meta-analysis pro-
vides a comprehensive evaluation of the benefits and risks as-
sociated with GLP-1 RAs in the pediatric population, enabling
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