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controlled trials
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BACKGROUND: Glucagon-like peptide-1 (GLP-1) receptor agonists were recently approved for obesity treatment in children 12-17
years by both the Food and Drug Administration (FDA) and the European Medicines Agency (EMA). However, their effectiveness in
younger pediatric patients remains uncertain.

METHODS: We systematically searched PubMed, Embase and Cochrane for randomized controlled trials (RCTs) comparing GLP-1
receptor agonists versus. placebo in children and adolescents. Continuous outcomes were computed with mean differences (MD)
and 95% confidence intervals (Cl) with random-effect models.

RESULTS: This meta-analysis included 11 RCTs with 1024 patients with obesity, aged from 6 to 19 years old. Compared with
placebo, GLP-1 agonists significantly decreased body weight (MD —4.32 kg; 95% Cl —7.02 to —1.63 kg; p < 0.01), BMI z-score
(MD —0.28; 95% Cl —0.45 to —0.1; p < 0.01) and waist circumference (MD —3.84 cm; 95% Cl —6.97 to —0.70 cm; p = 0.02) in this
population. An analysis of patients <12 years old showed that GLP-1 receptor agonists significantly decreased BMI z-score

(MD —0.33; 95% Cl —0.47 to —0.20; p < 0.01). Gastrointestinal symptoms were the most frequent adverse event (RR 1.52; 95%

Cl 1.09 to 2.12; p < 0.01).

CONCLUSIONS: In conclusion, in children and adolescents with obesity, GLP-1 receptor agonists significantly reduced BMI z-score,

waist circumference and body weight.

Pediatric Research; https://doi.org/10.1038/s41390-025-04228-1

IMPACT:

® The importance of this article is based on the limited treatment options for childhood obesity, particularly in children under the

age of 12.

® No meta-analysis with a sample size of children under the age of 12 comparable to this one has been conducted thus far.
® For now, GLP-1 analogs are only approved for children over the age of 12; however, the study suggests that children under 12

may also benefit from their use.

BACKGROUND

Obesity in childhood and adolescence has increased substantially
in the last decades. The USA has one of the highest prevalences in
the world.! The etiologies of obesity in this younger population
are complex and varied,? which represents a challenge when it
comes to managing this condition.

Lifestyle intervention is the first step of treatment in pediatric
patients with obesity.®> Pharmacotherapy and bariatric surgery
may be considered for children older than 12 years who fail to
achieve weight loss goals with lifestyle modification therapy
alone.” However, options are limited.

Glucagon-like peptide-1 (GLP-1) receptor agonists are a class of
medications for type 2 diabetes mellitus (T2DM) and obesity.

Liraglutide was recently approved for obesity treatment in
children aged 12-17 vyears by both the Food and Drug
Administration (FDA) and the European Medicines Agency
(EMA),* albeit its effects in pediatric patients younger than this
age are still unclear.

Several randomized controlled trials (RCTs) showed promising
results in weight reduction following GLP-1 receptor agonist
therapy in young individuals.®'® However, previous meta-
analyses'”'® have shown conflicting results, with a restricted
number of patients, including mainly children over 12 years of
age. Therefore, we performed a systematic review and meta-
analysis of RCTs assessing the efficacy and safety of GLP-1
receptor agonists in pediatric patients with obesity.
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Fig. 1 PRISMA flow diagram of study screening and selection.
Flowchart illustrating the process of identification, screening,
eligibility assessment, and inclusion of studies in the systematic
review and meta-analysis.

METHODS

This systematic review and meta-analysis was performed and
reported following the Cochrane Collaboration Handbook for
Systematic Reviews of Interventions and the Preferred Reporting
ltems for Systematic Reviews and Meta-Analysis (PRISMA) state-
ment guidelines (Supplemental Methods 1, 2).'%%° The prospec-
tive meta-analysis protocol was registered at the International
Prospective Register of Systematic Reviews (PROSPERO;
CRD42024607369) on November 10, 2024.

Eligibility criteria

We included studies published in English that met all the
following eligibility criteria: (1) RCTs; (2) comparing GLP-1 receptor
agonists versus placebo; (3) in patients aged 6-19 years old with
obesity; (4) reported any of the clinical outcomes of interest. We
excluded studies that (1) had an ineligible design (e.g. case
reports, cross-sectional studies, reviews, abstracts, or observa-
tional); (2) only included adult individuals; (3) did not report any
outcomes of interest.

Data extraction

We systematically searched PubMed, Embase and Cochrane
Central Register of Controlled Trials from inception until October
20, 2024. Previous systematic reviews and meta-analyses were also
screened to recognise significant data. Moreover, we used
backward snowballing (i.e. review of references) to identify
additional relevant texts from articles found in the original search.

Search strategy

The Patient/Population/Problem, Intervention, Comparison and
Outcome Framework (PICO) was utilized to develop the review
question and search strategy (Supplemental Methods 3). Electro-
nic databases were searched using the following terms: ‘obesity’,
‘overweight’, ‘children’, ‘adolescents’. Details of the search strategy
can be found in Supplemental Methods 4.
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Selection process and data collection

Two authors (R.L. and C.A.) independently extracted the data for
each study using a standardized study form to determine: authors,
study publication year, main exclusion criteria (Supplemental
Methods 5), sample size, follow-up period, endpoint definition and
baseline patient characteristics (Supplemental Methods 6). Uncer-
tainties were resolved by consensus, and R.L. made the final
decision for study inclusion or exclusion. The respective authors of
studies were contacted when insufficient data were reported.

Endpoints

Our primary efficacy endpoints were the change in BMI z-score
from baseline and weight reduction. Prespecified secondary
efficacy endpoints included (1) change in waist circumference;
(2) glycated haemoglobin (HbA1c); (3) LDL-cholesterol reduction;
(4) gastrointestinal adverse events. We also performed an analysis
of patients aged <12 years to assess BMI z-score changes and
gastrointestinal adverse events.

Risk of bias assessment

Two independent authors (R.L. and F.E.) assessed the risk of bias in
the included RCTs using Cochrane’s Collaboration tool for
assessing the risk of bias in randomized trials (RoB-2).%" Any
disagreements were resolved through consensus between the
authors. We explored the potential for publication bias by visual
inspection of the comparison-adjusted funnel plots and Egger’s
regression test.>> We also performed leave-one-out sensitivity to
ensure the results were not dependent on a single study.

Statistical analysis

We used a statistical method that accounts for differences
between studies (Mantel-Haenszel random-effects model) to
analyze all outcomes. Mean differences (MD) or standardised
mean differences with 95% confidence intervals (Cl) were
computed to assess treatment effects for continuous outcomes,
and risk ratios (RR) with 95% Cl for binary endpoints. We checked
how consistent the results were across studies using standard
measures of variation (Cochrane’s Q and F statistics), with p <0.10
indicating statistical significance.”> We interpreted P values as
follows: 0% = no variation, 1-25% = low, 26-50% = moderate and
over 50% = substantial variation. A p value of <0.05 was
considered statistically significant. RevMan version 5.4.1 was used
for statistical analyses.

RESULTS

Study selection

Figure 1 shows our systematic search and selection flow chart. We
identified 2023 potential articles. After removing duplicates, 1684
articles were retrieved and reviewed in full for possible inclusion.
Of these, 11 RCTs met all inclusion criteria and were included in
the primary analysis.>™'®

Study characteristics

Study details are described in Table 1. Six studies used liraglutide,
three studies used exenatide, one study used semaglutide, and
one study used dulaglutide. Follow-up time ranged from 5 to 56
weeks. Six studies included patients with T2DM. The mean age
was 13.9 years old, the mean waist circumference was 109.7 cm,
and the mean body weight was 98.5 kg.

Results of syntheses

In the overall population, GLP-1 receptor agonists significantly
decreased BMI z-score (MD —0.28; 95% Cl —0.45 to —0.1;
p <0.01; I>=88%; Fig. 2a), bodzy weight (MD —4.32kg; 95% ClI
—7.02 to —1.63; p<0.01; F=90%; Fig. 2b), and waist
circumference (MD —3.84cm; 95% Cl —6.97 to —0.70cm;
p <0.05; I>=85%; Fig. 2c). Among children younger than 12
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a Mean difference Mean difference
Study or subgroup MD SE  Weight IV, Random, 95% CI IV, Random, 95% ClI
Arslanian, 2022 -0.1 0.278383 59% —0.10[-0.65, 0.45] —_—
Danne, 2017 -0.02 0.071667 14.0% -0.02 [-0.16, 0.12] ——

Fox, 2024 -0.4 0.100499 12.8% —0.40[-0.60,-0.20] —
Kelly, 2020 -0.22 0.073621 13.9% -0.22[-0.36,-0.08] —-=
Mastrandrea, 2018 -0.28 0.091616 13.2% —0.28[-0.46,-0.10] ——
Tamborlane, 2019 -0.18  0.07583 13.8% -0.18[-0.33,-0.03] ——
Weghuber, 2020 -0.09 0.044597 14.9% -0.09[-0.18,-0.00] -
Weghuber, 2022 -1 0.126778 11.6% -1.00[-1.25,-0.75] —_—

Total 100.0% -0.28 [-0.45, - 0.11] ‘

Test for overall effect: Z=3.29 (P = 0.0010) j

) ; -1 -05 0 05 1
Test for subgroup differences: not applicable Favors GLP-1 receptor adonist Favors placebo
Heterogeneity: Tau? = 0.05; Chi? = 57.09, df = 7 plorag P

(P<0.00001); /12 = 88%

b Mean difference Mean difference
Study or subgroup MD SE Weight IV, Random, 95% CI IV, Random, 95% CI
Weghuber, 2022 —-17.7 2.053798 10.0% -17.70[-21.73, -13.67] —=—

Fox, 2024 -6 1.658239 10.9% —6.00 [-9.25, —2.75] —

Kelly, 2020 —-4.5 1.35311 11.5% —4.50 [-7.15, -1.85] ——

Fox, 2022 4.4 2.52787 9.0% —4.40[-9.35, 0.55] —

Kelly, 2013 -3.26 1.262174 11.7% -3.26 [-5.73, -0.79] ——

Weghuber, 2020 -3 1.412232 11.4% -3.00 [-5.77 ,-0.23] ——

Mastrandrea, 2018 -1.5 0.983667 12.1% —1.50 [-3.43, 0.43] -

Danne, 2017 -0.7 1.691333 10.8% —-0.70 [-4.01, 2.61] —

Arslanian, 2022 0 0.683304 12.5% 0.00 [-1.34, 1.34] +

Total (Wald?) 100.0%  -4.32[-7.02,-1.63] <&

Test for overall effect: Z=3.15 (P = 0.002) t t t t

Test for subgroup differences: not applicable -20 10 0 10 20

Heterogeneity: Tau? (DL) = 14.61; Chi? = 78.02, df = 8 Favors GLP1RA Favors placebo
(P<0.00001); /12 = 90%
Footnotes
&Cl calculated by Wald-type method.
bTau? calculated by DerSimonian and Laird method.
C Mean difference Mean difference
Study or subgroup MD SE Weight IV, Random, 95% ClI IV, Random, 95% CI
Weghuber, 2022 —12.1 1.749531 16.6% -12.10[-15.53, -8.67] —a
Fox, 2024 -3.4 3.040104 11.8% -3.40 [-9.36 , 2.56] —_—
Weghuber, 2020 -3.2 1.61044 17.1% —-3.20 [-6.36, —0.04] —=
Kelly, 2020 —-2.93 1.170326 18.6% —2.93 [-5.22, —0.64] -
Kelly, 2013 —0.98 1.753962 16.6% —0.98 [-4.42 , 2.46] ——
Arslanian, 2022 -0.9 0911072 19.4% —0.90 [-2.69, 0.89] .
Total (Wald?) 100.0%  —3.84 [-6.97 , —0.70] <o
Test for overall ef'fec;t: Z=240(P= 0.92) _20 ~10 0 10 20
Test for subgroup differences: not applicable
Favors GLP1RA Favors placebo

Heterogeneity: Tau? (DL®) = 12.41; Chi® = 33.72, df =5
(P<0.00001); /12 = 85%

Footnotes

&Cl calculated by Wald-type method.

bTau? calculated by DerSimonian and Laird method.

Fig. 2 Effects of GLP-1 receptor agonists on anthropometric outcomes in pediatric patients with obesity. a Forest plot presenting the
mean difference (MD) and 95% confidence interval (Cl) for change in BMI z-score from baseline. b Forest plot presenting the mean difference
(MD) and 95% confidence interval (Cl) for change in body weight (kg) from baseline. ¢ Forest plot presenting the mean difference (MD) and
95% confidence interval (Cl) for change in waist circumference from baseline. Abbreviations: Cl confidence interval, MD mean difference,
GLP1RA glucagon-like peptide 1 receptor agonist.

SPRINGER NATURE Pediatric Research
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Mean difference Mean difference
Study or subgroup MD SE Weight IV, Random, 95% CI IV, Random, 95% CI
Fox, 2024 -0.4 0.100499 45.4% -0.40[-0.60,-0.20] -
Mastrandrea, 2018 —-0.28 0.091616 54.6% —0.28 [-0.46,-0.10] -
Total (Wald?) 100.0% -0.33 [-0.47 ,-0.20] ‘

Test for overall effect: Z=4.94 (P < 0.00001) _'1 _0' 5 0 0:5 1
Test for sub diff : not applicabl : '

estiorsu 9r°”p 2' ere:ces no apglca © A Favors GLP1RA  Favors placebo
Heterogeneity: Tau® (DL°) = 0.00; Chi“ = 0.78, df =1 (P =0.38); I = 0%

Footnotes
2Cl calculated by Wald-type method.

®Tau? calculated by DerSimonian and Laird method.

Fig. 3 Effects of GLP-1 receptor agonists on BMI z-score in patients <12 years. Forest plot presenting the mean difference (MD) and 95%
confidence interval (Cl) for change in BMI z-score from baseline. Abbreviations: Cl confidence interval, MD mean difference, GLP1RA glucagon-
like peptide 1 receptor agonist.

Mean difference Mean difference
Study or subgroup ~ MD SE Weight IV, Random, 95% ClI IV, Random, 95% CI
Arslanian, 2022 -1.4 0.278383 4.6% -1.40[-1.95,-0.85]
Tamborlane, 2019 -1.3 0.300794 41% -1.30[-1.89,-0.71] ————
Weghuber, 2022 -0.3 0.025356 16.1%  —0.30[-0.35,-0.25] .
Danne, 2017 -0.12  0.090778 12.9% —-0.12[-0.30, 0.06] —
Kelly, 2013 -0.11 0.05572  14.9% —-0.11 [-0.22, -0.00] -
Fox, 2024 -0.1 0.05025 15.2%  —0.10[-0.20,-0.00] -
Kelly, 2020 -0.06 0.03808 15.7% —0.06 [-0.13, 0.01] E
Fox, 2022 0 0.050057 15.2% 0.00[-0.10, 0.10] +
Mastrandrea, 2018 0.8 0.57373 1.4% 0.80 [-0.32, 1.92] —
Total (Wald?) 100.0% -0.21[-0.35,—0.07] ‘
Test for overall effect: Z=3.00 (P = 0.003) [ t t |
Test for subgroup differences: not applicable -2 -1 0 1 2
Heterogeneity: Tau? (DL®) = 0.03; Chi® = 85.79, df = 8 Favors GLP1RA Favors placebo

(P<0.00001); 12=91%

Footnotes
2Cl calculated by Wald-type method.
bTau? calculated by DerSimonian and Laird method.

Fig. 4 Effects of GLP-1 receptor agonists on HbA1c in pediatric patients with obesity. Forest plot presenting the mean difference (MD) and
95% confidence interval (Cl) for change in HbA1c from baseline. Abbreviations: Cl confidence interval, MD mean difference, GLP1RA
glucagon-like peptide 1 receptor agonist.

Mean difference Mean difference
Study or subgroup  MD SE Weight IV, Random, 95% CI IV, Random, 95% ClI
Fox, 2022 5.8 4.029574 17.2% 5.80 [-2.10, 13.70] -
Kelly, 2013 1.52  6.945593 9.2% 1.52[-12.09, 15.13] —_—
Kelly, 2020 1 0.027925 30.8% 1.00[0.95, 1.05] m
Weghuber, 2020 -7.3 3.419089 19.6% -7.30[-14.00,-0.60] —a—
Weghuber, 2022 -7 2560908 23.3% -7.00[-12.02,-1.98] —
Total (Wald?) 100.0%  -1.62[-6.53, 3.29] ?

Test for overall effect: Z=0.65 (P =0.52)
Test for subgroup differences: not applicable
Heterogeneity: Tau? (DL®) = 20.41; Chi = 17.07, df = 4 (P = 0.002); I? = 77%

-20 -10 0 10 20
Favors GLP1RA Favors placebo

Footnotes
2Cl calculated by Wald-type method.
®Tauz calculated by DerSimonian and Laird method.
Fig. 5 Effects of GLP-1 receptor agonists on LDL-c levels in pediatric patients with obesity. Forest plot presenting the mean difference (MD)

and 95% confidence interval (Cl) for change in LDL-c level from baseline. Abbreviations: Cl confidence interval, MD mean difference, GLP1RA
glucagon-like peptide 1 receptor agonist.

Pediatric Research SPRINGER NATURE
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Risk ratio Risk ratio
Study or subgroup log[RR] SE Weight 1V, Random, 95% CI IV, Random, 95% ClI
Arslanian, 2022 0.372017 0.155382 13.7% 1.45[1.07,1.97] —=—
Danne, 2017 0.154151  0.44956 2.5% 1.17[0.48, 2.82] ——
Fox, 2022 0.253851 0.190112 10.5% 1.29[0.89, 1.87] Fe—
Fox, 2024 0.391076 0.173702 11.9% 1.48[1.05, 2.08] —-—
Kelly, 2020 0.754907  0.09229 22.7% 2.13[1.78, 2.55] -
Klein 0.498991  0.65063 1.2% 1.65[0.46 , 5.90] —
Mastrandrea, 2018  1.818428 0.970707 0.6% 6.16[0.92, 41.30]
Tamborlane, 2019 0.658428 0.140753 15.4% 1.93[1.47 , 2.55] -
Weghuber, 2022 0.524219 0.098384 21.6% 1.69 [1.39, 2.05] -
Total (Wald?®) 100.0% 1.70 [1.47 , 1.96] ‘
Test for overall effect: Z=7.23 (P < 0.00001) t t t t
0.05 0.2 1 5 20

Test for subgroup differences: not applicable

Heterogeneity: Tau? (DL®) = 0.02; Chi? = 12.58, df = 8 (P = 0.13); I? = 36%

Footnotes
&Cl calculated by Wald-type method.
5Tau? calculated by DerSimonian and Laird method.

Favors GLP1RA Favors placebo

Fig. 6 Adverse gastrointestinal events in overall pediatric patients with obesity. Forest plot presenting the risk ratio (RR) and 95%
confidence interval (Cl) for adverse gastrointestinal events. Abbreviations: Cl confidence interval, RR risk ratio, GLP1RA glucagon-like peptide 1

receptor agonist.

years, GLP-1 receptor agonists consistently decreased BMI
z-score (MD —0.33; 95% Cl —0.47 to —0.20; p<0.01; = 0%;
Fig. 3) compared with placebo. HbA1c level was significantly
decreased following GLP-1 receptor agonist (MD —0.21%; 95% Cl
—0.35 to —0.07%; p<0.01; »=91%; Fig. 4). There was no
significant difference in LDL-c level between groups (MD —1.62;
95% Cl —6.53 t0 3.29; p = 0.52; I = 77%; Fig. 5).

Adverse gastrointestinal events

Treatment with GLP-1 receptor agonists significantly increased the
risk of gastrointestinal adverse events in the overall population (RR
1.70; C1 1.47 to 1.96; p < 0.01; ? = 36%; Fig. 6) and among patients
aged less than 12 years (RR 1.52; 95% ClI 1.09 to 2.12; p<0.01;
> = 0%; Fig. 7).

Risk of bias assessment

RoB-2 identified all studies at low risk of bias (Supplemental Fig. 1).
There was significant evidence of publication bias for body weight
(p = 0.03; Supplemental Fig. 2). Only 1 study was not symmetrical
in the funnel plot analysis- considering this we included 9 studies
in Egger’s test (Supplemental Fig. 2).

Sensitivity analysis
In leave-one-out sensitivity analysis, results remained consistent
after omission of all studies (Supplemental Fig. 3).

Subgroup analyses

GLP-1 therapy showed efficacy in weight reduction in patients
with T2DM (MD —6.86 kg; 95% Cl —13.31 to —0.40kg; p<0.01;
> =96%; Supplemental Fig. 4) and patients without T2DM (MD
—2.26kg; 95% Cl —3.46 to —1.06kg; p<0.01; I>=0%; Supple-
mental Fig. 5).

Both exenatide (MD —3.30kg; 95% Cl —5.03 to —1.57 kg;
p<0.01; P=0%; Supplemental Fig. 6) and liraglutide (MD
—3.09kg; 95% Cl —5.39 to —0.79kg; p <0.01; > = 65%; Supple-
mental Fig. 7) demonstrated a significant weight reduction in
pediatric patients.

Follow-up periods longer than 12 weeks showed greater
efficacy in weight reduction (MD —6.08 kg; 95% Cl —11.57 to
—0.58kg; p=0.03; I*=95%; Supplemental Fig. 8) compared to
those shorter than 12 weeks (MD —1.91kg; 95% Cl —3.29 to
—0.53kg; p < 0.01; * = 0%; Supplemental Fig. 9).

SPRINGER NATURE

Considering frequency of administration, once daily adminis-
tration of GLP-1 receptor agonists significantly decreased body
weight in pediatric patients (MD —3.09kg; 95% Cl —5.39 to
—0.79 kg; p < 0.01; > = 65%; Supplemental Fig. 10a). There was no
significant reduction in body weight with once weekly adminis-
tration of GLP-1 receptor agonists (MD —6.13 kg; 95% Cl —13.01 to
0.75; p = 0.08; I* = 96%; Supplemental Fig. 10b).

DISCUSSION

In this systematic review and meta-analysis of 11 RCTs and 1,024
pediatric patients, GLP-1 receptor agonists were associated with
significantly reducing body weight, BMI z-score, waist circumfer-
ence and HbA1C. There was no significant difference in LDL-c
levels.

Obesity is directly associated with increased cardiovascular risk,
and children with obesity tend to develop cardiometabolic
disorders earlier in adulthood.?* Dyslipidemia and insulin resis-
tance are frequent comorbidities seen in patients with increased
body weight. Waist circumference is another diagnostic criterion
for metabolic syndrome.?® Children with high waist circumference
were 3.6 times more likely than those with normal waist status to
have a low high-density lipoprotein level, 3.0 times more likely to
have high triglycerides, and 3.7 times more likely to have a high
fasting insulin level.?® In this meta-analysis, waist circumference
was decreased following the use of GLP-1 receptor agonists by
almost four centimeters. These results indicate an overall
improvement in the metabolic profile, which may ultimately
reduce cardiovascular risk in this patient population.

GLP-1 receptor agonists play an important role in glycemic
control.?’ Obesity is often associated with elevated fasting glucose
and HbA1c levels.?® Our meta-analysis demonstrated a significant
reduction in HbA1c among children and adolescents using this
medication compared with placebo, which may represent a
decrease in risk of chronic complications caused by the
inflammatory state of obesity and poor glycemic control.

Despite improvements in the glycemic profile observed with
GLP-1 receptor agonist use, LDL-c showed a consistent downward
trend that missed statistical significance. This muted effect likely
reflects the fact that baseline LDL-c levels were generally on target
before treatment, as obesity in youth more typically manifests as
low HDL-c and hypertriglyceridemia rather than marked LDL-c
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Risk ratio Risk ratio
Study or subgroup log[RR] SE Weight IV, Random, 95% ClI IV, Random, 95% ClI
Fox, 2024 0.391076 0.173702 96.6% 1.48[1.05, 2.08] .
Mastrandrea, 2018 1.203973 0.924962  3.4% 3.33[0.54, 20.43] —
Total (Wald?) 100.0% 1.52[1.09, 2.12] t 2
Test for overall effect: Z=2.45 (P =0.01) t t t t
0.05 0.2 1 5 20

Test for subgroup differences: not applicable

Heterogeneity: Tau? (DL°) = 0.00; Chi? = 0.75, df = 1 (P = 0.39); I = 0%

Footnotes
2Cl calculated by Wald-type method.
bTau? calculated by DerSimonian and Laird method.

Favors GLP1RA Favors placebo

Fig. 7 Adverse gastrointestinal events in pediatric patients. Forest plot presenting the risk ratio (RR) and 95% confidence interval (Cl) for
adverse gastrointestinal events. Abbreviations: Cl confidence interval, RR risk ratio, GLP1RA glucagon-like peptide 1 receptor agonist.

dyslipidemia. Consequently, although GLP-1 therapy appears
directionally favourable for LDL-c, its clinically meaningful lipid
benefits in children and adolescents may be more pronounced in
other metabolic clusters such as glycemia, HDL-C and
triglycerides.

Glycaemic dysregulation and its treatment can independently
influence body weight, lipid fractions, appetite and gastrointest-
inal tolerability, potentially exaggerating or masking obesity-
specific responses to GLP-1 receptor agonists. In addition,
adolescents with T2DM often receive background metformin,
insulin or lifestyle counselling that differs in intensity from purely
obesity-focused programmes, introducing co-interventions that
could confound the observed effects on anthropometry and
metabolic markers. To gauge the magnitude of this bias we ran a
subgroup analysis comparing patients with T2DM versus non-
T2DM and weight reduction remained significant in both strata
(-6.8 kg and -2.2 kg, respectively), reinforcing the strength of the
obesity-specific conclusions, but also highlighting the need for
future RCTs that focus solely on pediatric obesity, to yield clearer
efficacy signals.

A total of six studies used liraglutide, three studies used
exenatide,®'"'® one study used semaglutide,'® and one study
used dulaglutide." In a subgroup analysis performed, exenatide
appeared to be more effective in promoting weight loss
compared to liraglutide (Supplemental Figs. 6 and 7). However,
it is important to note that the studies involving exenatide had a
longer follow-up duration (greater than 12 weeks), which may
represent a confounding factor. Regarding follow-up duration,
studies lasting more than 12 weeks consistently demonstrated
greater weight loss than those with shorter follow-up periods
(Supplemental Figs. 8 and 9).

Our analysis reveals a dramatic difference in weight reduction
observed in the study utilizing semaglutide,’> when compared to
other studies employing liraglutide.” While liraglutide remains the
only GLP-1 analogue currently approved for the treatment of
obesity in children, these findings highlight the potential of other
GLP-1 analogues, such as semaglutide, in the management of this
condition.?®

This potential becomes even more relevant when considering
the practical aspects of treatment. GLP-1 receptor agonists are
medications administered subcutaneously, and most of the
studies included in this meta-analysis used liraglutide, which
requires daily administration. Although it is currently the only
approved agent in this class for use in children and adolescents, its
dosing regimen may pose a barrier to adherence in this
population. This underscores the need for further studies
evaluating other GLP-1 receptor agonists with more convenient
dosing schedules, such as those administered weekly.

7-10,12,16
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A study published in BMC Paediatrics observed that a 0.10 reduction
in weight z-score corresponded to an ~0.15 reduction in BMI z-score,
which was associated with clinically significant improvements in lipid
profiles and insulin levels3® While studies have demonstrated
significant weight loss in children undergoing appropriate physical
activity and dietary interventions,®’ our meta-analysis indicates that
combining these strategies with pharmacotherapy can nearly double
the weight loss. This enhanced effect may be particularly important for
children with severe obesity who struggle with basic daily activities and
face challenges in social integration.

The subgroup analysis for participants under 12 years of age
included only two studies®'® with a limited sample size,
representing a critical limitation in the evidence base for this
population. The small number of studies and participants
significantly restricts the reliability and generalisability of the
findings. As such, conclusions regarding the efficacy and safety of
the intervention in children under 12 should be interpreted with
caution, and any extrapolation should be avoided to prevent
overstating the available evidence.

The maximum follow-up duration in the study was 68 weeks,
highlighting a significant limitation regarding the evaluation of
long-term outcomes. Specifically, there is a lack of data on the
sustained safety profile of the intervention, including its potential
effects on critical developmental aspects such as growth, puberty
and bone health. Additionally, the durability of weight loss
beyond the 1-year mark remains uncertain. Therefore, caution is
warranted when attempting to extrapolate these findings to
longer timeframes, as the long-term risks and benefits have not
been adequately assessed.

Our study identified high heterogeneity in the generated plots.
This is likely attributable, in part, to the inclusion of a study that used
semaglutide and had a significantly longer follow-up period
(68 weeks) compared to the others."> Furthermore, the studies varied
not only in the specific GLP-1 analogues used but also in dosing
regimens and administration frequency. Notably, studies that
employed higher doses and longer follow-up durations'*>'® demon-
strated greater weight reduction, whereas studies with lower doses
and shorter follow-up periods®® reported more modest outcomes.
Furthermore, heterogeneity (1) fell from >80% in the primary analysis
to <35% when diabetes trials were removed, suggesting that part of
the variability stemmed from the mixed metabolic phenotypes.

The main adverse effect of GLP-1 receptor agonists in adults is
gastrointestinal.®® According to the included trials, the safety
profile of GLP-1 receptor agonists among children and adoles-
cents was consistent with that observed among adults and with
that of this medication in general.’”> No new safety concerns were
identified and permanent discontinuations because of gastro-
intestinal disorders were very low or null [Table 2].
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Table 2. Adverse Events of Included Studies.®'®

Study, year Any adverse Serious adverse Diarrhea Nausea Hypoglycemia Discontinuation
event (%) event (%) (%) (%) (%) rate (%)
Arslanian,
2022 GLP-1 (74) GLP-1 (2) GLP-1 (14) GLP-1 (8) GLP-1 (8) GLP-1 (3)
Placebo (69) Placebo (6) Placebo (18) Placebo (15) Placebo (12) Placebo (2)
Danne, 2017 GLP-1 (100) GLP-1 (21) GLP-1 (21) GLP (50) GLP-1 (14)
n/a
Placebo (57) Placebo (0) Placebo (0) Placebo (0) Placebo (0)
Fox, 2022 GLP-1 (96) GLP-1 (3) GLP-1 (33) GLP-1 (39)
n/a n/a
Placebo (90) Placebo (0) Placebo (18) Placebo (21)
Fox, 2024 GLP-1 (89) GLP-1 (12) GLP-1 (11)
n/a* n/a* n/a
Placebo (88) Placebo (8) Placebo (0)
Kelly, 2020 GLP-1 (88) GLP-1 (2) GLP-1 (22) GLP-1 (42) GLP-1 (10)
n/a
Placebo (84) Placebo (4) Placebo (14) Placebo (14) Placebo (0)
Klein, 2014 GLP-1 (57) GLP-1 (0) GLP-1 (42) GLP-1 (21) GLP-1 (28)
n/a
Placebo (28) Placebo (0) Placebo (14) Placebo (14) Placebo (14)
Mastrandrea, GLP-1 (56) GLP-1 (6) GLP-1 (6) GLP-1 (12) GLP-1 (25)
2018 n/a
Placebo (62) Placebo (12) Placebo (0) Placebo (0) Placebo (12)
Kelly, 2013 GLP-1 (0) GLP-1 (8) GLP-1 (62) GLP-1 (0) GLP-1 (0)
n/a
Placebo (0) Placebo (31) Placebo (31) Placebo (0) Placebo (0)
Tamborlane, GLP-1 (84) GLP-1 (13) GLP-1 (22) GLP-1 (28) GLP-1 (45) GLP-1 (1)
2019
Placebo (80) Placebo (5) Placebo (16) Placebo (13) Placebo (25) Placebo (1)
Weghuber, GLP-1 (0) GLP-1 (0)
2020 n/a n/a* n/a* n/a
Placebo (0) Placebo (0)
Weghuber, GLP-1 (79) GLP-1 (11) GLP-1 (22) GLP-1 (42) GLP-1 (5)
2022 n/a
Placebo (82) Placebo (9) Placebo (13) Placebo (18) Placebo (4)

n/a not available.

?Did not differentiate between individual gastrointestinal symptoms; instead, it grouped the symptoms collectively.

Limitations

Our analysis has some limitations. First, most of the included
studies had shorter follow-up periods, with the maximum duration
of follow-up of 68 weeks. Therefore, we cannot assess the long-
term safety, efficacy and sustainability of weight and metabolic
improvements with GLP-1 receptor agonists in children and

SPRINGER NATURE

adolescents. Second, the significant heterogeneity observed in our
analysis suggests variability across studies, possibly due to
differences in study age populations, doses, treatment durations,
or GLP-1 receptor agonist formulations. To mitigate this limitation,
we conducted a sensitivity analysis and subgroup analyses that
showed consistent findings with the overall analysis.
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CONCLUSION

In this systematic review and meta-analysis of RCTs among
children and adolescents with obesity, GLP-1 receptor agonists
significantly reduced body weight, BMI z-score, waist circumfer-
ence and HbA1c levels in children and adolescents.
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