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Abstract:

Background. Childhood and adolescent obesity is an increasing global health concern. Many
obese children develop insulin resistance, which contributes to metabolic complications
including type 2 diabetes, dyslipidemia, hypertension, and non-alcoholic fatty liver disease.
Although lifestyle modification remains the primary treatment, it is often insufficient in cases
of severe obesity or marked insulin resistance. In recent years, pharmacological therapies have
been increasingly used in pediatric obesity, but their efficacy and safety in insulin-resistant

children are not fully established.

Aim. This review aims to summarize current evidence on pharmacological treatment options
for obese children with insulin resistance, with a focus on efficacy, safety, and research gaps

relevant to clinical practice.

Material and methods. A literature review was conducted using PubMed, MEDLINE, Scopus,
and Web of Science. Studies evaluating pharmacological therapies such as metformin, GLP-1
receptor agonists, and orlistat were included. Randomized controlled trials, systematic reviews,
meta-analyses, and observational studies reporting changes in BMI, metabolic parameters, and

adverse events were analyzed.

Conclusions. Available evidence suggests that pharmacological agents, including metformin,
orlistat, GLP-1 receptor agonists, and phentermine/topiramate, can reduce body weight and
improve metabolic outcomes in obese children and adolescents with insulin resistance. GLP-1
receptor agonists show the greatest BMI reduction. Safety profiles vary, with gastrointestinal
adverse effects being most common. Long-term safety data, particularly in children under 12
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years of age, remain limited, highlighting the need for individualized therapy and further

research.
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Introduction:

Obesity in children and adolescents is one of the major public health challenges of our time.
The prevalence of this condition in the pediatric population continues to increase, which is
associated not only with a reduced quality of life but also with a long-term risk of developing
metabolic diseases. One of the key disorders that frequently coexists with obesity is insulin
resistance, which may predispose affected individuals to the development of type 2 diabetes,
metabolic syndrome, arterial hypertension, and non-alcoholic fatty liver disease.

Current epidemiological data on insulin resistance among obese children are limited and highly
heterogeneous, largely due to the lack of a standardized definition of insulin resistance.
Moreover, there is a paucity of large, comprehensive review studies published in recent years

(2015-2025) that specifically focus on insulin resistance in this population.

Table 1. Epidemiological data on overweight and obesity in children and adolescents.

Phenomenon Epidemiological values

Overweight/obesity in children (5-19 years) ~20% of children aged 5-19 years are
overweight or obese (2022) [1]

Number of children with overweight/obesity ~391 million children aged 5-19 years are
overweight or obese (2022) [1]

Prognosis ~One-third of children and adolescents may be
overweight or obese by 2050 [2]

The primary approach to obesity treatment in children is a comprehensive lifestyle modification,
including dietary changes, increased physical activity, and behavioral therapy. However, in
cases of advanced obesity or when insulin resistance is pronounced, these strategies often fail

to achieve the desired outcomes. In such situations, pharmacological interventions become an



important adjunct to therapy, enabling not only weight reduction but also improvement in tissue

insulin sensitivity and overall metabolic profile.

State of knowledge:

Several pharmacological agents have been evaluated in the pediatric population for their
efficacy in the treatment of obesity associated with insulin  resistance,
with orlistat and metformin being among the most frequently investigated in clinical studies.
In a study involving adolescents, orlistat administered for 54 weeks in combination with dietary
intervention and behavioral therapy resulted in a significant reduction in BMI compared with
placebo [3]. Meta-analyses have also shown that orlistat may contribute to a reduction in waist

circumference and a decrease in serum insulin levels in children and adolescents [4].

Metformin, owing to its mechanism of action that improves insulin sensitivity, has been
extensively studied in children and adolescents with insulin resistance. In a randomized trial
involving children aged 6-12 years, metformin administration led to a reduction in BMI, a
decrease in fat mass, and an improvement in metabolic indices, including HOMA-IR [5]. In a
long-term study lasting 18 months in adolescents, metformin stabilized BMI and improved
body composition compared with placebo; however, changes in insulin resistance were less
pronounced [6]. At the same time, prolonged use is associated with certain limitations—data
from extension studies indicate that the beneficial effect of metformin on HOMA-IR diminishes
or may even disappear over time, which may be related to suboptimal treatment adherence

(compliance) or inadequate dosing [7].

Despite these promising findings, several challenges remain, including the limited duration of
available studies, the insufficient number of trials focusing specifically on children with insulin
resistance, and concerns regarding the safety and long-term tolerability of pharmacological

therapies in pediatric patients. Therefore, a thorough analysis of the available evidence is



necessary to determine which pharmacological approaches are most appropriate for use in this
specific population.

Currently available pharmacological treatment options for obesity in children:

Orlistat

Orlistat is a pancreatic lipase inhibitor that acts in the gastrointestinal tract by blocking the
digestion and absorption of dietary fats, leading to a negative energy balance and weight
reduction. Clinical studies in children and adolescents with obesity have demonstrated a
moderate decrease in BMI, typically ranging from 0.5 to 1.5 kg/m?2 over 6-12 months of therapy.
Additionally, orlistat may have beneficial effects on total cholesterol and triglyceride levels.
The most common adverse effects include steatorrhea, bloating, oily stools, and increased
bowel movements, which in most cases resolve after dietary adjustments. Due to its mechanism
of action, supplementation with fat-soluble vitamins (A, D, E, K) is recommended. Orlistat is
considered relatively safe but requires collaboration with a dietitian and regular monitoring of
nutritional status [8][9]. Orlistat is officially approved for use in children and adolescents aged
12 years and older, based on clinical trial evidence [10]. Reliable long-term studies in children

under 12 years are lacking, representing a significant gap in the literature.

Liraglutide

Liraglutide is a GLP-1 receptor agonist that acts by enhancing glucose-dependent insulin
secretion, suppressing glucagon release, delaying gastric emptying, and reducing appetite.
Clinical studies have shown that liraglutide can induce a significant reduction in BMI in
children and adolescents with obesity, with an average decrease of 4.5-5.6% over 12-56 weeks,
along with improvements in insulin sensitivity and metabolic markers. The most common
adverse effects include nausea, vomiting, abdominal pain, and constipation, which are generally
mild and transient. Liraglutide therapy requires patient monitoring, including liver and kidney
function, as well as education on proper injection technique and monitoring for gastrointestinal
symptoms. A 2025 meta-analysis including seven randomized controlled trials (totaling 575
patients) assessed the efficacy and safety of liraglutide in children and adolescents with obesity,
including participants aged 6-12 years. The authors concluded that liraglutide significantly

reduced BMI and body weight while improving metabolic parameters [11].



Semaglutide

Semaglutide is a long-acting GLP-1 receptor agonist that allows for once-weekly administration.
Its mechanism of action is similar to that of liraglutide, but due to its prolonged effect, it often
produces greater weight reduction. In children and adolescents with obesity, semaglutide has
been shown to induce substantial reductions in BMI—often higher than those observed with
liraglutide—ranging from 10% to 16% over 68 weeks. The drug also improves insulin
sensitivity and metabolic parameters. The most common adverse effects include nausea,
vomiting, and constipation, while acute pancreatitis has been reported in rare cases. Due to its
high efficacy, semaglutide is increasingly considered a first-line pharmacological option for
pediatric obesity in combination with lifestyle modification. According to reviews of large
studies and meta-analyses, semaglutide (GLP-1 RA) achieves greater reductions in body weight
and BMI compared with placebo and other GLP-1 receptor agonists (including liraglutide) in
children and adolescents with obesity [12]. Semaglutide was approved by the FDA in December
2022 for the treatment of obesity in adolescents aged >12 years [13]. Official approval exists
for use in children and adolescents from 12 years of age; for children under 12, reliable clinical

data are lacking or very limited in the available literature.

Metformin

Metformin is a biguanide that increases tissue insulin sensitivity, inhibits hepatic
gluconeogenesis, and reduces glucose absorption in the intestines. In obese children and
adolescents with insulin resistance, metformin induces a moderate reduction in BMI, typically
0.8-2 kg/m?, and also improves metabolic parameters such as HOMA-IR, fasting insulin levels,
and lipid profile. Adverse effects of metformin are primarily gastrointestinal and include nausea,
vomiting, abdominal pain, and diarrhea; less commonly, long-term use may lead to vitamin
B12 deficiency. Metformin is particularly indicated for children with insulin resistance who do
not respond adequately to non-pharmacological interventions, making it one of the most
commonly used medications in this context. Randomized controlled trials have evaluated
metformin in children as young as 7 years old (most commonly 9-18 years), indicating that its
use in younger age groups is possible, although data in the youngest children (<7 years) are
very limited. In most studies, the reduction in BMI and/or body weight was moderate, generally
less pronounced than with more potent “weight-loss” agents—typically a decrease in BMI of

approximately 1-1.4 kg/m? or a corresponding reduction in BMI z-score [14]. Many studies



have a relatively short duration (6—12 months), which limits the assessment of long-term
efficacy and safety [14].

Phentermine/Topiramate

The combination of phentermine and topiramate (Qsymia, phentermine/topiramate ER) is
currently approved by the FDA in the United States for the treatment of obesity in children and
adolescents aged >12 years, including those with insulin resistance. The efficacy of this
therapy has been confirmed in randomized clinical trials: in a 56-week study in adolescents
aged 12-17 years, an average BMI reduction of 8-10% was achieved compared with placebo,
and 39-47% of participants reached a >5% reduction in BMI, depending on the dose
[15][16][17]. According to the American Academy of Pediatrics guidelines, pharmacological
treatment (including phentermine/topiramate) should be considered in children with obesity for
whom behavioral interventions have not achieved the desired results, particularly in the
presence of metabolic complications such as insulin resistance. The dosing regimen typically
begins with 3.75 mg/23 mg for 14 days, then increases to 7.5 mg/46 mg; if necessary, it can be
titrated gradually up to a maximum of 15 mg/92 mg. Phentermine acts as a norepinephrine
reuptake inhibitor, while topiramate functions as a carbonic anhydrase inhibitor, affecting
appetite and satiety. The most common adverse effects include mood changes, insomnia,
paresthesia, cognitive disturbances, dry mouth, and constipation. Topiramate is teratogenic, so
effective contraception is required in girls of reproductive age. In children with insulin
resistance, treatment with phentermine/topiramate may improve metabolic parameters,

including lipid profile and blood pressure, and reduce the risk of progression to type 2 diabetes.

Tirzepatide

Tirzepatide is not currently FDA-approved for the treatment of obesity in children and
adolescents without type 2 diabetes; however, in the SURPASS-PEDS study, it was shown that
in children and adolescents with type 2 diabetes, tirzepatide leads to significant reductions in
body weight, BMI, and improvements in metabolic parameters, including insulin resistance. In
a 52-week observation period, mean reductions in BMI of 8.9-15.1% and body weight of 8.0—
13.8% were observed, depending on the dose, along with improvements in lipid profile and
blood pressure. These effects are particularly relevant for children with insulin resistance, where
weight loss and improved insulin sensitivity may reduce the risk of progression to type 2
diabetes and cardiovascular complications. Tirzepatide is a dual GIP and GLP-1 receptor



agonist, allowing synergistic effects on weight reduction and glucose homeostasis. The most

common adverse effects are gastrointestinal symptoms, which are generally mild to moderate

and tend to resolve during treatment. Tirzepatide may be considered as a therapeutic option for

treating obesity in children with insulin resistance, especially in the context of type 2 diabetes.

However, it is currently not approved for use in this population in the USA outside of type

2 diabetes. Further studies are ongoing to evaluate the safety and efficacy of tirzepatide for

obesity treatment in children without type 2 diabetes [18][19].

Recommendations:

Table 2. Key thresholds and recommendations for pharmacological and surgical

management of pediatric obesity across major guidelines.

Guidelines

Organization

AAP

/Year Definition ofAge forPharmacotherapy =~ Age / Criteria for
Obesity / SeverePharmacotherapy  Criteria Metabolic Surgery
Obesity

2023

Obesity: >05th>12 years if lifestyleBMI in obesity/severeUsually >13 years with

percentile; Severe:interventions obesity range;severe  obesity +

>120% of 95thinsufficient individual decision comorbidities;

percentile (~99th) multidisciplinary
assessment



NICE (UK)

Endocrine

Society

USPSTF

PTLO
(Poland)

2025

2017

2024

2024

Overweight: >91st>12 years (medicationsClinical percentile cut-Selected severe,

percentile; Obesity:not generally <12) offs; Orlistat >12y;treatment-resistant

>98th percentile other drugs percases; specialist
license/TA multidisciplinary
evaluation

BMI >85thLimited to clinicalPharmacotherapy  inConsidered in mature
percentile — assesstrials; adolescents inresearch context adolescents after
comorbidities; selected cases failure of conservative
>95th percentile = therapy;

obesity multidisciplinary care

High BMI: >95thReferral to intensive>95th percentile —Not included; guided

percentile behavioral programs;intensive interventionby local/clinical
pharmacotherapy  notprograms guidelines
routine
IOTF cut-offs;>12 years + weight >60Registered drugs:Reference centers;
obesity perkg; lifestyle  non-liraglutide, semaglutidesevere, resistant
international responsive (selected indications) obesity +
percentiles comorbidities;

multidisciplinary
qualification

The table is intended for qualitative and comparative purposes. Exact BMI thresholds (e.g.,

percentile values, absolute BMI, thresholds for different age groups) and precise criteria for

pharmacotherapy and surgery vary between documents and may be updated over time. To

obtain precise numerical values and direct citations, reference should be made to the original
source guidelines (e.g., AAP 2023, NICE 2025, ESPGHAN 2023, Endocrine Society 2017,
USPSTF 2024).

Safety and Adverse Effects:

Regular monitoring of drug-specific adverse effects is recommended for each medication.
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Orlistat: The most common adverse effects are gastrointestinal, including steatorrhea, urgent
bowel movements, oily or fatty stools, bloating with discharge, and fecal leakage. Long-term

use may lead to deficiencies in fat-soluble vitamins (A, D, E, K).

Liraglutide: Gastrointestinal symptoms are the most common, including nausea, vomiting,
diarrhea, constipation, dyspepsia, and abdominal pain. These effects are most frequent during
dose escalation. Less commonly, headache and dizziness may occur. There is a potential risk
of pancreatitis and gallstones. The American Academy of Pediatrics also highlights a theoretical

risk of thyroid C-cell tumors in individuals with a predisposition.

Semaglutide: The most common adverse effects are nausea, vomiting, diarrhea, constipation,
abdominal pain, and dyspepsia. The frequency of gastrointestinal symptoms is similar to
liraglutide, but semaglutide more often causes abdominal pain and gallstones. The American

Academy of Pediatrics notes a potential risk of thyroid C-cell tumors.

Phentermine/Topiramate: The most common adverse effects include dry mouth, paresthesia,
cognitive disturbances (slow thinking, difficulty concentrating), insomnia, headache, dizziness,
constipation, and irritability. Phentermine may increase blood pressure and cause palpitations,

while topiramate is teratogenic.

Metformin: Gastrointestinal symptoms are the most frequent, including nausea, vomiting,
abdominal pain, and diarrhea. Rarely, lactic acidosis may occur. Renal function should be

monitored.

The safety of pharmacological therapy for obesity in children with insulin resistance should be
monitored at least monthly during the first three months of treatment, and thereafter at
least quarterly, with more frequent visits if adverse effects occur or dose adjustments are
required. At each visit, the occurrence of typical adverse effects should be assessed:
gastrointestinal symptoms (orlistat, liraglutide, semaglutide, tirzepatide), cognitive and

psychiatric disturbances (phentermine/topiramate), fat-soluble vitamin deficiencies (orlistat),
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and the risk of rare but serious complications such as pancreatitis, gallstones, or thyroid C-cell
tumors (GLP-1 RAs, tirzepatide).

Routine monitoring should include laboratory tests: blood glucose, renal and liver function,
electrolytes, fat-soluble vitamins (with orlistat), blood pressure and ECG (with
phentermine/topiramate), and hypoglycemia monitoring when used concurrently with other
antidiabetic medications. Due to limited long-term safety data (beyond 12—-17 months) for all

drugs in the pediatric population, the monitoring plan should be individualized [20].

Limitations of current evidence:

Despite the growing number of studies on the use of pharmacological treatment for obesity in
children with insulin resistance, the available scientific evidence remains significantly limited.
Most studies have a relatively short follow-up period (usually 6-12 months), which makes it
difficult, if not impossible, to reliably assess the long-term efficacy and safety of therapy,
particularly with regard to its effects on growth, pubertal development, and metabolism. Data

on the durability of weight loss after discontinuation of treatment are also lacking.

Many studies include heterogeneous populations, often comprising mixed groups of children
with obesity and varying degrees of insulin resistance or without its clear diagnosis, which
substantially limits the ability to draw conclusions specific to this patient group. The majority
of available data concern children older than 12 years, whereas studies including younger
children are scarce, restricting the formulation of evidence-based therapeutic recommendations

for this age group.

Another important limitation is the lack of direct head-to-head comparative trials between
different pharmacological agents, which prevents precise determination of which therapy is the
most effective and safest. Most meta-analyses rely on comparisons with placebo rather than
between active treatments. Furthermore, many studies are conducted under strictly controlled
conditions, which may not reflect the real-world effectiveness and tolerability of treatment in
routine clinical practice, where factors such as treatment adherence, drug availability, and

multidisciplinary support play a significant role.

Summary:
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Pharmacological treatment of obesity in children and adolescents with insulin resistance
appears to be an increasingly important component of comprehensive therapeutic management,
particularly when lifestyle modification interventions prove insufficient. Currently available
evidence indicates that several drug classes—maost notably metformin, orlistat, GLP-1 receptor
agonists (liraglutide and semaglutide), and the combination of phentermine with topiramate—
can lead to significant reductions in BMI and improvements in metabolic parameters, including

tissue insulin sensitivity.

At present, GLP-1 receptor agonists, particularly semaglutide, demonstrate the greatest efficacy
in body weight reduction. Metformin remains a valuable option for children with predominant
insulin resistance, especially in the presence of concomitant disturbances of glucose
metabolism, although its effect on body weight is moderate. Orlistat and the
phentermine/topiramate combination represent alternative therapeutic options; however, they

require careful monitoring for adverse effects.

Despite these promising results, pharmacological treatment should be used as an adjunct to
intensive behavioral and dietary interventions and delivered within a multidisciplinary care
framework. Given the limited number of long-term studies and the insufficient data on younger
children, therapeutic decisions should be individualized, taking into account metabolic profile,

age, degree of obesity, and potential adverse effects.

Further well-designed studies with long-term follow-up are necessary to determine optimal
pharmacological strategies for treating obesity with insulin resistance in the pediatric

population and to develop precise, evidence-based clinical guidelines.
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