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Abstract: Following prospective registration (PROSPERO
CRD42024564275), three databases (PubMed, SCOPUS,Web of
Science)were searched for trials reporting the effects of anti-
obesity drugs (AODs) (with placebo as control) on car-
diometabolic risk factors in the pediatric population with
obesity. Data was synthesized using RStudio within a
Random effect model. Risk of Bias was assessed through the
Cochrane Risk of Bias 2 tool. Five clinical trials fulfilled the
eligibility criteria. Pooled estimates showed significant re-
ductions in triglycerides [−13.84 mg/dl (CI: −26.46 to −1.21; p
0.03) (I2 93 %, p<0.01), Systolic blood pressure [−1.49 mmHg
(CI: −2.77 to −0.21; p 0.02) (I2 0 %, p 0.61)], and Waist
circumference [−6.55 cm (CI: −10.56 to −2.55; p<0.01) (I2 93 %,
p<0.01)]. Fasting glucose, Insulin, Insulin resistance, Gly-
cated hemoglobin, Diastolic blood pressure, Total choles-
terol, Low density lipoproteins, High density lipoproteins,
Very low density lipoproteins, and C-Reactive Protein
showed insignificant reductions. No significant publication
bias was detected in any outcome except Waist circumfer-
ence (p 0.03).

Keywords: anti-obesity agents; anti-obesity drugs; pediatric
obesity; systolic pressure; triglycerides; waist circumference

Introduction

As per the World Health Organization fact sheet (2024) [1],
obesity has increased in children and adolescents aged 5–19
from just 2 % in 1990 to 8 % by 2022. Lifestyle modification is
the main weight management approach for obese children
and adolescents. However, the impact of such behavioral
interventions on body weight status is often limited and
there is a need for adjunctive therapies such as anti-obesity
drugs (AODs) for patients who are unable to lose sufficient
weight with lifestyle interventions alone [2, 3].

Currently, there are four AODs authorized by the US
FDA (Food and Drug Administration) for use in children and
adolescents with obesity; Orlistat [3], Phentermine-
topiramate [4], Liraglutide [5], Semaglutide [6]. FDA
approved a drug named Setmelanotide as well for chil-
dren≥6 years of age for unique genetic disorders producing
obesity [7].

Orlistat inhibits gastrointestinal lipase and decreases
30 % of fat absorption [8]. Phentermine is a noradrenaline
reuptake inhibitor that decreases appetite and leads to
satiety [9]. Topiramate enhances GABA (γ-aminobutyric
acid) activity and inhibits carbonic anhydrase [10].
Combining Phentermine-topiramate enables weight loss at a
low dosage due to complementary mechanisms, at
maximum safety and tolerability [11, 12]. Liraglutide and
Semaglutide are GLP-1 receptor agonists [13–15]. Their
weight control mechanism reduces hunger by acting on the
CNS and slows down gastric emptying [16].

Previous meta-analysis (MA) analyzed the effects of
pediatric AOD on body mass index (BMI) and quality of life
but not on CRFs [17, 18]. A systematic review (SR) and MA
published in 2010 analyzed the effects of AODs on car-
diometabolic risk factors (CRFs) in pediatric obese subjects
[19]. They included eight trials; five on Orlistat and 3 trials on
Sibutramine. Sibutramine is not an FDA-approved drug for
pediatric obesity. After 2010, the FDA approved three more
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AODs for pediatric obesity (Liraglutide, Semaglutide, and
Phentermine) [4–6]. Given the approval of three new AODs,
the exponential increase in childhood obesity, and its asso-
ciated acute and chronic comorbidities, we considered it
timely to conduct an updated SR andMAwhich analyzed the
impact of FDA-approved pediatric AODs on CRFs in children/
adolescents with obesity.

Methodology

This review was conducted according to the methods in the
CochraneHandbook for Systematic Reviews of Interventions
and reported according to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)-2020
statement and its extensions [20–22]. The review protocol
was registered in PROSPERO (Registration number
CRD42024564275 Available from: https://www.crd.york.ac.
uk/prospero/display_record.php?ID=CRD42024564275).

Electronic search

Three databases Medline, SCOPUS, and Web of Science
(WOS) were searched by the search themes/key concepts as
1) Obesity 2) Anti-obesity drugs 3) Adolescents 4) Car-
diometabolic risk factors 5) Randomized controlled trials.
The search phrases for themes 1–5 were combined using the
AND Boolean operator.

The complete search strategy and the results yielded
have been provided in the supplementaryfile (Table S1). Two
authors screened studies independently according to the
predefined eligibility criteria.

Eligibility criteria

All completed randomized controlled trials (RCTs) reporting
effects of AOD (with placebo as control) on at least one of the
selected CRFs outcomes in the pediatric population with
obesity, in the English language regardless of their publica-
tion status were eligible for this meta-analysis.

Inclusion criteria

a. Population: Children or adolescents (less than 19 years of
age) diagnosed with pediatric obesity (i.e. who have BMI
of 95th percentile for their age and gender) with or
without co-morbidities.

b. Intervention: FDA-approved AODs for pediatric obesity
(Orlistat, Phentermine-Topiramate, Semaglutide, Lir-
aglutide, setmelanotide). The intervention duration
must be≥12 weeks. Co-interventions such as diet and
exercise (if any) must be the same in experimental and
placebo groups.

c. Comparator: Placebo
d. Outcome: Outcomes of interest were any of the CRFs

[Waist circumference, Systolic/diastolic blood pressure,
Lipid Profile, Fasting plasma glucose/Insulin, Insulin
resistance, Glycated Hemoglobin (HbA1c %), C-Reactive
Protein (CRP) etc.]. The study reporting at least one of the
above-mentioned CRFs as either “post-intervention” or
“change from baseline” values for both intervention and
comparator groups were eligible.

e. Study Design: Randomized controlled trial

Exclusion criteria

a. Trials with follow-up duration less than 12 weeks
b. Trials not reporting the relevant CRFs as “post-

intervention” or “change from baseline” values for
both intervention and comparator groups

c. Trials of medications approved for purposes other than
obesity in children/adolescents e.g. Metformin because
Metformin is approved as an anti-diabetic drug in chil-
dren/adolescents.

d. Non-human, observational studies

The bibliography of all the included studies was explored
manually for additional publications.

Risk of bias

Risk of Bias (RoB) was assessed through Cochrane Risk of
Bias 2 (ROB-2) tool and categorized as “high,” “low,” or “some
concern” [23]. Conflicts and disagreements were resolved
through discussions.

Publication bias

The publication bias was assessed by funnel plot symmetry.
Two authors conducted the literature search, data

extraction, and RoB estimation and disagreements were
resolved by consensus.
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Statistical analysis

Data synthesis was carried out RStudio using meta and
metafor packages. Since CRFs data were continuous, Mean
Differences with 95 % CIs were calculated by random-effects
model to estimate the effects of AODs on CRFs. The hetero-
geneity of treatment effects between studies/study vari-
ability was investigated statistically by the I2 statistic. All p
values less than 0.05 were significant. Publication bias was
detected statistically by Egger’s regression asymmetry test.
To ensure the robustness of the data, sensitivity analysis
was done.

Results

Preliminary electronic search yielded 612 potential articles
(PubMed=217; Web of Science=100; Scopus=295). After
removing duplicates and title and abstract screening, 33
studies were retrieved for detailed assessment and five

randomized controlled trials [24–28] met our inclusion
criteria (Figure 1). The study characteristics are in Table 1.

The outcomes whose pooled analysis showed a signifi-
cant reduction by AOD in comparison to placebo were tri-
glycerides [reduced by 13.84 (CI: −26.46 to −1.21; p 0.03;
Figure 2)] with significant heterogeneity (I2 93 %, p<0.01), SBP
[−1.49 mmHg (CI: −2.77 to −0.21; p 0.02; I2 0 %, p
0.61 Figure 3)], and waist circumference [reduced by 6.55 cm
(CI: −10.56 to −2.55; p<0.01; I2 93 %, p<0.01; Figure 3)].

The remaining parameters decreased but could not
reach the “significance” level. AOD-induced reductions in
fasting glucose were 1.39 mg/dl (CI:−4.82 to 2.05); fasting in-
sulin 0.11 µU/mL (CI:−0.28 to 0.06); Hb1AC % 0.15 (CI:−0.36 to
0.05); Insulin resistance 0.06 (CI:−0.34 to 0.22) (Figure 4)
compared to placebo.

The pooled effect for HDL, VLDL, Total cholesterol, TG,
Fasting glucose, HbA1C%, DBP, andWC exhibited significant
heterogeneity [I2=62 % (p 0.01), 98 % (p<0.01), 77 % (p<0.01),
93 % (p<0.01), 71 % (p 0.02), 92 % (p<0.01), 62 % (p 0.03), 93 %
(p<0.01)]. Subgroup analysis based on the data type (change

Figure 1: Prisma flow diagram.
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from baseline values or post-intervention values) revealed
that the source of heterogeneity was the trials reporting
change from baseline values. Trials reporting post-
intervention values had I2 value 0 %. Sensitivity analysis
showed that the exclusion of the study Kelly et al. 2020 [25]
caused a significant increase in HDL (p 0.03; I2 41 %)
(Figure 5) and a significant reduction in HbA1C % (p<0.01; I2

16 %) (Figure 6) and DBP (p<0.01; I2 0 %) (Figure 7). There was
no evidence of heterogeneity for LDL, Fasting Insulin, In-
sulin resistance, SBP, and CRP (insignificant p values for I2).

Risk of bias

Figure 8A and B represent the risk of bias in all studies and
individual studies, respectively. The risk was low in all five
risk assessment domains except in the “Randomization
process” and “selection of the reported result” domains. In
four trials, information about “Was the allocation sequence
concealed until participants were enrolled and assigned to
interventions?” was missing, leading to “some concerns” in
the randomization process. In two trials, there were con-
cerns about the “selection of the reported results.” Overall,
there were “some concerns” in all trials.

Publication bias

Funnel plots have been given in the supplementary file
(Figure S1 A-M). The Egger test calculated significance levels.
No significant publication bias was detected in any outcome
exceptWC (Egger regression asymmetry test p forWC=0.03).
The Egger test was not conducted with the outcome of VLDL
because of fewer studies (k=2).

Discussion

The current meta-analysis showed that AOD approved for
use in the pediatric population significantly reduces tri-
glycerides, SBP, and waist circumference. There was no ev-
idence that AODs use caused any significant improvement in
variables related to glucose homeostasis (fasting glucose,
Insulin, Insulin resistance, HbA1c), DBP, Total cholesterol,
LDL, HDL, VLDL or CRP.

Contrary to our results, Zhou et al. reported in their MA
that AODs significantly reduced total cholesterol, LDL and
fasting glucose [29]. No significant effect was observed on TG.
The underlying reason for this apparent discrepancy could
be the much shorter duration of the follow-ups/intervention
in the trials included in the current MA [3–17 months (mean:Ta
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11 months) vs. 4–48 months (mean:14.7 months)] in MA by
Zhou et al. [29] This may also be a drug-specific effect related
to Orlistat because Zhou et al.’s MA included more Orlistat

trials than other AODs (6 trials of Orlistat). Another reason
could be the variations in age of the study participants. In 15
out of 21 trials included in Zhou’sMA, participants’mean age

Figure 2: Forest plots showing the pooled estimates of
the effects of anti-obesity drugs on lipid profile (A) high
density lipoproteins B) low density lipoproteins (C) very
low density lipoproteins (D) total cholesterol (E) tri-
glycerides.
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Figure 3: Forest plots showing the pooled estimates of the effects of anti-obesity drugs on (A) systolic blood pressure (B) diastolic blood pressure
(C) waist circumference (D) C-reactive protein.
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Figure 4: Forest plots showing the pooled estimates of the effects of anti-obesity drugs on glucose homeostasis (A) fasting glucose (B) fasting insulin
(C) insulin resistance (D) glycated hemoglobin (HbA1C %).
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Figure 5: Sensitivity analysis (Leave-one-out) of the effects of anti-obesity drugs on lipid profile (A) high density lipoproteins (B) low density lipoproteins
(C) total cholesterol (D) triglycerides.
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was≥40.6 years (n: 12,047) and 5 trials involved adolescents
(mean age 13.6–16.2 years; n: 1,225). Contrarily, all trials
included in the current MA involved adolescents/pediatric
populations. The effects of weight loss strategies in children

or adolescentsmay differ from those produced in adults [30].
Hence, it could be assumed that the AOD-induced improve-
ments in CVD risk factors may vary with study follow-up
duration, drug type and participants’ age.

Figure 6: Sensitivity analysis (Leave-one-out) of the effects of anti-obesity drugs on glucose homeostasis (A) fasting glucose (B) fasting insulin (C) insulin
resistance (D) glycated hemoglobin (Hb1AC).
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Figure 7: Sensitivity analysis (Leave-one-out) of the effects of anti-obesity drugs on (A) systolic blood pressure (B) diastolic blood pressure (C) waist
circumference (D) C-reactive protein.
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The AODs may not affect CRFs directly, but indirectly
through reducing body weight. Weight loss reduces tri-
glycerides, cholesterol, and fasting glucose in individuals
who are overweight or obese [31–33]. Brown et al. observed
the effects of a “lifestyle change program” on CRFs; and re-
ported that the magnitude of risk factor improvement was
associated with weight loss extent and the risk factor levels
at the baseline [34]. A 10 % weight loss produced significant
reductions in fasting glucose, triglycerides, total cholesterol,
LDL cholesterol, and HDL cholesterol, 5–10 % weight loss
improved triglycerides, total cholesterol, and LDL choles-
terol, and <5 % weight loss improved triglycerides only.
Moreover, the CRFs attenuations were more pronounced
when pre-intervention CRFs were at higher risk levels.
Garvey et al. observed a decrease in SBP, DBP and hyper-
glycaemia/HbA1c with a 5 % weight loss whereas Morris
et al. reported a 0.2 mmol/mol decrease in HbA1c per kg
weight loss [35, 36]. Trials included in ourMAmight not have

produced that weight loss % needed to improve CVD risk
factors.

Last but not least, weight loss strategies may result in
significant average weight loss in study participants, how-
ever, there exists larger interindividual variability. Some
study participants may be hypo or hyper responders to
weight loss strategies based on genetic variations [37].

Study Limitations: The subgroup analysis based on the
type of anti-obesity drugs, intervention duration, and
baseline BMI of participants could not be conducted due to
the limited number of current trials. Anti-obesity drugs’
types might contribute to heterogeneity. The wide confi-
dence intervals observed in some outcomes (e.g., tri-
glycerides) indicate variability and reduced precision.
Larger sample sizes or better standardization of in-
terventions could reduce this variability in future studies.
Meta-regression can not be conducted due to the limited
number of trials.

Figure 8: (A) Risk of bias in all studies (B) risk of bias in individual studies.
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