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ABSTRACT

Pediatric obesity is increasing globally. While numerous lifestyle interventions, pharmacologic therapies, and surgical options are
widely available for adults, these options are limited in pediatric patients. Obesity in this population is especially detrimental as it
can impact the child’s social and physical health as well as put them at risk for the development of several other comorbidities in
adulthood. Within the last decade, novel therapies, including glucagon-like peptide 1 receptor agonists, have been studied for their use
as adjuvants to weight loss therapy. Over the last few years, many of these medications have been approved for widespread use in adults
with obesity and have had heralding success. As such, glucagon-like peptide 1 receptor agonists are being more carefully studied for
use in pediatric patients with obesity. Several trials have been completed, and as of this review, two glucagon-like peptide 1 receptor
agonists have been approved for some cases in this population. Many trials are still in progress, testing the utility and safety of these
medications in younger children. However, there is still concern regarding the effects of these medications on the child’s growth and
development and their proposed long-term consequences.

INTRODUCTION

In 1997, pediatric obesity was declared an epidemic by the World Health Organization, and currently, in the United States, 1 in
5 children and adolescents meet the definition of obesity.! Obesity is defined as having a body mass index (BMI) at or above the
95" percentile for age and sex. Unfortunately, this number is still on the rise, and it has been predicted that one-third of children
and adolescents will be overweight or have obesity by 2050.> Many factors contribute to this trend including, social and economic
determinants such as, access to healthy foods, food deserts, access to safe spaces for recreation, excessive screentime, bullying, and
the child’s perception of food security. The recent pandemic has also contributed to social isolation and the popularization of the
sedentary lifestyle. Other factors that influence childhood obesity include the weight of the child’s parents, race and ethnicity, and the
child’s birth weight.’ There are many other genetic and environmental factors that may also contribute to childhood obesity.
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ADVERSE EFFECTS AND LONG-TERM CONSEQUENCES OF PEDIATRIC OBESITY

It is well known that obesity in adults causes a cascade of metabolic derangements, including type 2 diabetes (T2DM), chronic
inflammation, and cardiovascular disease. Similar to adults, children with obesity have a higher chance of being diagnosed with
T2DM and hypertension during childhood. One study shows that as high as 37% of hypertension (HTN) in children is associated
with childhood obesity.* Additionally, there is a higher prevalence of non-alcoholic fatty liver disease in children with obesity, a
higher incidence of asthma, and a higher fracture rate in these patients.* It appears that obesity also influences puberty, especially in
females, due to higher levels of adrenal androgen production that are converted to estrogens. Furthermore, higher levels of leptin in
children with obesity may lead to CNS stimulation that also impacts the onset of puberty.® It has also been demonstrated that children
with obesity live with a chronic low level of inflammation, which has been detected in children as young as preschool age. This
inflammation, as well as other changes caused by obesity, leads to a worse quality of life in the future and has been linked to higher
levels of insulin resistance in adulthood. Obesity and chronic inflammation have also been linked with a higher chance of developing
rheumatoid arthritis and inflammatory bowel disease. Children with obesity have a higher risk for issues in adulthood, including
osteoarthritis, multiple sclerosis, T2DM, and several cancers.* The complex nature of this disease and its long-term consequences
warrant a multifactorial approach to treatment.

CURRENTLY AVAILABLE THERAPIES AND GUIDELINES FOR MANAGING PEDIATRIC OBESITY

The American Academy of Pediatrics (AAP) has carefully evaluated various therapies for managing pediatric obesity and has
subsequently designed specific guidelines to help providers decide optimal treatment plans.® The suggested therapies and their
supporting evidence have been listed in Table 1. The United States Preventive Services Task Force (USPSTF) currently recommends that
children and adolescents over the age of 6 years should receive comprehensive, intensive behavioral interventions such as interventional
health behavior and lifestyle treatment (IHBLT) as described by the AAP” However, this therapy is time-intensive, requiring frequent
visits, involves the other members of the family unit, and can be difficult to coordinate. Additionally, IHBLT is not widely offered, and
few primary care physicians receive adequate training to administer such therapy. Because IHBLT may be challenging to implement,
other forms of therapy, such as bariatric surgery and pharmacotherapy, are available to assist with weight loss, especially for patients
who do not respond to IHBLT. Bariatric surgery may be available to pediatric patients with a BMI of >35 Kg/m? and a comorbidity such
as T2DM, polycystic ovary syndrome, or patients whose BMI exceeds 40 Kg/m?.° Usually limited to age 13 years and above, bariatric
surgery has demonstrated success but still has limited uptake (Table 1). Pharmacotherapy is typically used as an adjunct treatment,
and the evidence supporting its use varies among patients. As it stands, no medication is included in the USPSTF recommendation,
and more research is needed into promising new therapies, such as glucagon-like peptide-1 receptor agonists (GLP-1RA), which will
be the focus of this review.

GLP-1RAs have gained popularity in treating obesity in adults, and there is sufficient evidence supporting their use for weight loss.
Because of their recent popularity, these drugs are also being heavily considered and currently studied for their use in treating pediatric
obesity as well. This review will discuss GLP-1RAs and their current and future use in pediatric patients with obesity, and it will address
barriers to and concerns regarding their use as a therapy for weight loss in this population.

RATIONALE FOR GLUCAGON:-LIKE PEPTIDE 1 RECEPTOR AGONIST USE IN OBESITY MANAGEMENT

The human body constantly measures and assesses its blood glucose levels and activates various pathways to maintain homeostasis.
After a meal, when blood glucose levels increase, insulin is released and sets off a cascade of events to help the body properly store
glucose and keep it from releasing added endogenous glucose into the bloodstream. The converse happens through the actions of
glucagon, cortisol, and growth hormone, which promote endogenous glucose release during periods of starvation.

There are many other molecules involved downstream of these pathways, and even more that help initiate these pathways. One such
molecule, glucagon-like peptide 1 (GLP-1), is released from L-cells in the intestinal tract and plays a role in stimulating insulin secretion.
The most well-understood mechanism for the release of GLP-1 involves nutrients such as lipids and carbohydrates coming into contact
with microvilli in the intestinal tract. However, there may also be neurohormonal mechanisms for its release involving stimulation
from the vagus nerve that are less understood.> Once GLP-1 is released, it acts on the G-protein coupled receptor, GLP-1 receptor
(GLP-1R), which is located on a variety of cell types, including pancreatic beta cells and cells of the brain, heart, gastrointestinal tract,
and kidneys. Due to the widespread distribution of GLP-1R, GLP-1 has a multitude of effects throughout the body, though its primary
functions include reducing gastric motility and amplifying meal-associated insulin secretion while reducing glucagon secretion. As
such, targeting GLP-1R has become a prominent method for increasing insulin secretion in the treatment of T2DM, and it has been
recently approved in adults as a therapy for obesity due to its ability to slow gastric emptying. In the body, GLP-1 is rapidly degraded
by dipeptidyl peptidase IV (DPP-4), another target used in the management of T2DM. Because of its rapid degradation and removal
from the body, giving GLP-1 as a therapy was unsuccessful. The molecule was modified to be resistant to DPP-4 and to decrease its
renal clearance, while retaining the same blood glucose-lowering properties. This novel therapy was first approved for the treatment
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Therapy

Description

Efficacy

Adverse Effects/Challenges

Motivational Interviewing®

Counseling centered on the
patient and reinforcing their
own motivation for change®

Change in BMI ranged between
-4.3 to -0.1 with the most
change observed with more
contact hours®

Access to training and time

Interventional health behavior
and lifestyle treatment®”

Therapy involving family
and patient visits focused on
sustained healthy eating and
making a habit of physical
activity®

Range of 3.5-18lbs of weight
loss over Tyr for 26hrs of
therapy®

Access, scheduling

lipase inhibitor; blocks fat
absorption®

had 5% decrease in BMI
compared to 15.7% of placebo
group; 13.3% of orlistattreated
patients had >10% reduction

in BMI compared to 4.5% of

placebo group®

Pharmacotherapy® Use of medication as an
adjunct to health behavior
and lifestyle treatmenté

Metformin Biguanide that acts by Less than 1 BMI unit but some Dose-dependent flatulence,
decreasing glucose inconsistencies; not currently nausea, bloating, and rarely
production by liver and approved as a weightloss drug® | lactic acidosis®
increasing insulin sensitivity®

Orlistat Pancreatic and gastric 26.5% of orlistattreated patients | Steatorrhea, fecal urgency,

flatulence®

Phentermine and topiramate

Phentermine is a
norepinephrine, dopamine,
and serotonin reuptake
inhibitor; topiramate is a
carbonic anhydrase inhibitor
that suppresses appetite
centrally®

BMI reduction by 10.44% in
high dose and 8.11% in mid
dose groups of adolescents 12-
17; currently only approved in
adults®

Elevated blood pressure,
headache, dry mouth,
difficulty concentrating®

Glucagon-like peptide-1 receptor
agonists

Slow gastric emptying
through action on central
nervous system®

Liraglutide linked to 5% BMI
reduction over lyr in patients
12yrs or older who did not
respond to lifestyle treatment?

Exenatide in children >10yrs
showed BMI reduction by
2.9%!°

*Currently liraglutide is
approved for obesity alone in
children >12yrs old; exenatide

only for T2DM >10yrs old

Gastrointestinal symptoms®

Metabolic and Bariatric Surgery®

Performing surgeries
including laparoscopic Roux-
en-Y gastric bypass and
vertical sleeve gastrectomy
to assist with weight loss

Of adolescents 13-18, BMI
reduced on average by 13.1
over 5 years after bariatric
surgery; cardiovascular risk
factors improved!’

Postoperative nausea and
dehydration, micronutrient
deficiencies, need for
subsequent surgeries®

Table 1: AAP Recommended Therapies for Pediatric Obesity

Legend: This table provides a list of AAP-recommended therapies to use when considering treatment options for pediatric
obesity. A brief description of each therapy, in addition to evidence supporting its use and any adverse effects noted in the

literature, has been included to provide a broader understanding of available treatment options.
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of T2DM in 2005. In 2014, the first GLP-1RA, liraglutide, was approved for weight loss in adults, even without a diagnosis of T2DM."
Since then, several other GLP-1RAs have undergone clinical trials and have been approved for this use in adults, and they have become
increasingly readily available to the public over the last few years.

CURRENT STATE OF GLP-1RA USE IN PEDIATRIC MEDICINE

Because of the widespread success of GLP-1RAs in adults and in light of treatment challenges, there has been significant motivation
to learn more about how they may benefit the pediatric population. As of the time of this review, several GLP1-RAs, including
dulaglutide, liraglutide, exenatide, and semaglutide, have been approved to be used in the treatment of T2DM in children older than
10 years when insulin and metformin do not provide sufficient glycemic control. Nonetheless, little is known about the effects of their
long-term use in children younger than 10 years, therefore their use in young children is not recommended. More research is needed
to determine safety and efficacy.

Recently, two of these drugs were also approved to manage obesity in children 12 years and older. Novel research regarding these
compounds focuses on confirming their safety and efficacy in this population and seeking approval for use in younger children as
well. There are also several ongoing clinical trials assessing the long-term effects of these medications, especially in pediatric patients.
Due to the newness of these compounds and a lack of sufficient research on possible side effects in pediatric patients, several concerns
remain regarding their broad-scale use as a weight loss therapy.

APPROVED USE OF GLP-1RAS IN PEDIATRIC PATIENTS WITH OBESITY

Until lately, there were very few drugs approved by the Food and Drug Administration (FDA) for weight loss in pediatric patients.
However, in recent years, several GLP-1RAs have been shown in clinical trials to increase weight loss in pediatric patients as an adjunct
therapy when lifestyle modifications alone have proven insufficient. As such, two GLP-1RAs have been FDA-approved for weight loss
in pediatric patients aged 12 years and older due to their demonstrated benefits and limited side effects.

One of the currently approved GLP-1RAs is liraglutide, which has been shown to reduce BMI when added to lifestyle modifications
in adolescents over the age of 12 years. In one randomized, double-blind trial involving 251 adolescents aged 12-18 years with obesity
who did not respond well to lifestyle modification alone, adding liraglutide was shown to increase weight loss.” Liraglutide therapy
featuring a 3.0 mg dose subcutaneously once a day in addition to lifestyle therapy was compared to a placebo treatment in patients also
adhering to the same lifestyle modifications. Participants received therapy for 56 weeks, followed by a 26-week follow-up period. In this
trial, liraglutide yielded a significantly greater reduction in BMI, with an average loss of 4.64 percentage points in the treatment group
compared to placebo. In addition, more participants in the treatment group experienced a 5% reduction (43.3% treatment vs 18.7% in
placebo) and a 10% reduction (26.1% treatment vs 8.1% placebo) in BMI. Participants receiving liraglutide also lost, on average, 4.5
kg more weight than those in the placebo group. Few participants in either group noted serious adverse events, but gastrointestinal
side effects were more common in the treatment group.’

The only other GLP-1RA that is currently FDA-approved to be added to lifestyle therapy in the treatment of pediatric obesity
in adolescents between the ages of 12 and 17 years is semaglutide. This drug was approved after liraglutide, and its efficacy was
demonstrated in several clinical trials. In one double-blind, parallel-group, randomized, placebo-controlled trial, semaglutide was
assessed as a weight-loss therapy in children 12-18 years of age with obesity (BMI in the 95" percentile or higher) or who were
overweight (BMI in the 85" percentile or higher) but who had at least one comorbid condition related to their weight.'* Participants
either received a 2.4 mg subcutaneous dose of semaglutide once a week or a once-weekly placebo in addition to lifestyle interventions for
68 weeks. Two hundred and one participants were enrolled, and 180 completed the study. This study demonstrated that the addition of
semaglutide to lifestyle therapy produced a greater decrease in BMI than lifestyle modification alone. Participants receiving semaglutide
experienced a BMI reduction of 16.0 percentage points compared to those in the placebo group, where the BMI increased by 0.6.
Furthermore, 95 out of 131 (73%) participants in the treatment group achieved 5% or more weight loss compared to only 11 out of 62
(18%) participants in the placebo group. Additionally, improvement of cardiometabolic risk factors, including glycated hemoglobin,
lipids, alanine aminotransferase levels, and waist circumference, was noted in the semaglutide group compared to placebo. There was
a greater incidence of gastrointestinal adverse events (62% vs 40% placebo) and cholelithiasis (4% compared to 0% of placebo) in the
group that received semaglutide. Only a small percentage of participants experienced serious adverse events in either group (11% in
the treatment group, 9% in the placebo group)."* While there are several ongoing clinical trials assessing the use of semaglutide in
younger children, there has been some evidence of its success in reducing BMI in children as young as 10 years. One retrospective
observational study investigated the effect of semaglutide on the BMI of children aged 10-18 years in the UK who were receiving
treatment in addition to lifestyle management."” The treatment produced a reduction in BMI standard deviation scores at 6 and 12
months of 0.32+0.27 and 0.54+0.52, respectively. Patients also achieved an average of 7.03+7.50 kg of weight loss. The most common
side effects were mild gastrointestinal issues, and of the 50 patients studied, one patient developed gallstones.”” Though semaglutide
appears to be safe and efficacious in children as young as 10 years, it remains unapproved, as more research is needed. Despite this, it
has been occasionally prescribed off-label in younger children on a case-by-case basis.
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FUTURE DIRECTIONS AND UPDATE ON CURRENT CLINICAL TRIALS FEATURING GLP-1RA USE IN
PEDIATRIC PATIENTS WITH OBESITY

Though currently only two GLP-1RAs have been officially FDA-approved for the purpose of aiding in weight loss in adolescents,
several others have been undergoing clinical trials. Such trials include investigating other GLP-1RAs’ use in adolescents, the use of
GLP-1RAs in young children, and trials involving various possible adverse effects of using these medications in pediatric patients.

As discussed, liraglutide is approved for adolescents aged 12-18 years as an adjunct to lifestyle modification for children who have had
an insufficient response to lifestyle therapy alone. The SCALE Kids trial, published in 2024, aimed to assess the efficacy of liraglutide
in children aged 6 to less than 12 years as an alternative therapy for children of this age group who are unable to achieve weight loss
with traditional treatments.'® This study is similar to the trials conducted in adolescents, featuring the same 3.0 mg daily subcutaneous
dosage in addition to the lifestyle modifications compared with placebo for 56 weeks, followed by a 26-week follow-up period. It
featured 82 participants randomized to receive either a 3.0 mg dose of liraglutide or a placebo and demonstrated that among children
in this age range with obesity, treatment with liraglutide resulted in a greater BMI reduction than lifestyle modification alone. After 56
weeks, the mean changes in BMI for the treatment and placebo groups were -5.8% and +1.6%, respectively. One difference between
the results of the liraglutide study in this age group and in children 12-18 years was the rate of adverse effects.' In this trial, 80% of
participants receiving liraglutide endorsed gastrointestinal adverse events, whereas in the previously mentioned trial, only 64.8% of
participants receiving liraglutide had these symptoms.”'¢ Additionally, this trial reported 12% of participants receiving treatment
experienced serious adverse events, while only 2.4% of children ages 12-18 years in the other study had these effects.”'® Though this
trial suggests that liraglutide is effective in children ages 6-12 years, more research is required regarding long-term effects and to
confirm liraglutide’s efficacy in this age group before it could be approved for use by the FDA. Semaglutide, which is also approved
for adolescents ages 12-18 years, will also be studied as a weight management therapy in children as young as age 6 years. Though this
study, STEP Young, has not yet begun recruitment, it plans to follow children and teenagers for 132 weeks as they receive once weekly
semaglutide to assess the medication’s effect on BMI."

Another GLP-1RA, tirzepatide, that has had recent success in adults, is currently undergoing several trials for use in pediatric patients.
This drug is a dual GLP-1RA and glucose-dependent insulinotropic peptide (GIP) agonist, which means it also functions like GIP
to increase insulin secretion and slow gastric emptying. One trial aimed to investigate the efficacy, safety, and pharmacokinetics of
tirzepatide in pediatric and adolescent patients in the age range of 6-11 years with obesity. This study began in 2023 and is set to
be completed by January 2025, though the results have not yet been released.'”® Another trial featuring tirzepatide, SURMOUNT-
ADOLESCENTS-2, is currently in phase III. This trial enrolled pediatric patients between 12 and 17 years of age with obesity and at
least 2 weight-related comorbidities such as HTN, prediabetes, or hypertriglyceridemia. In addition, participants must have had at
least one unsuccessful dietary attempt at weight loss. The primary outcome of this study will be the percent change from BMI at week
72 compared to baseline, and several secondary outcomes related to BMI, including waist circumference, and other weight-related
conditions. This trial is estimated to be completed by the end of May in 2027."

Exenatide is yet another relevant GLP-1RA in this discussion, as it has been approved for use in children aged 10-18 years for the
treatment of T2DM, but it has not yet been approved as a weight loss therapy. One randomized, double-blind, parallel, placebo-
controlled clinical trial conducted in 2020 investigated the effects of extended-release (ER) exenatide primarily on the BMI of children
in that age group with a BMI above 30 Kg/m?. Forty-four participants were selected to receive 2 mg ER exenatide or placebo once weekly
for 6 months along with lifestyle therapy. At the end of the trial, it was determined that treatment with exenatide led to a moderate
reduction in BMI and improvement in glucose tolerance and cholesterol. The study additionally reported that the medication was
well-tolerated.'® Another trial was conducted in 2022 to assess ER exenatide at a dose of 2.0 mg as an adjunct to meal replacement
therapy and also focused on children 12-18 years of age with obesity. The study followed 100 participants who had been enrolled in
meal replacement therapy and experienced BMI reduction before the addition of weekly exenatide or placebo to determine if exenatide
would influence BMI rebound in these adolescents. The results of the study, however, were not statistically significant, but they do in
part suggest that exenatide could help reduce BMI rebound in adolescents who had lost weight initially with dietary interventions.*

CONCERNS ABOUT THE USE OF GLP-1RAS IN PEDIATRIC PATIENTS

In the current literature, the most commonly reported adverse effects associated with the use of GLP-1RAs in pediatric patients are
gastrointestinal, including vomiting, diarrhea, abdominal pain, or hypoglycemia. More severe side effects include gallstones and
pancreatitis, and they are contraindicated in patients at risk for medullary thyroid cancer. As the number of adults using GLP-1RAs
expands, rare side effects have been reported, such as severe gastroparesis and non-arteritic ischemic optic neuropathy.*' Since their
recent increase in popularity and approval for use in some pediatric patients, more concerns have arisen regarding their effects on
growth and development, mental health, and possible long-term consequences.
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Pediatric patients differ from adult patients in many ways, one being energy expenditure. In children, additional energy is needed
for growth and development. There is a delicate balance of energy intake and expenditure required in this population for sufficient
growth and development to occur. One concern of using these medications, which inherently reduce energy intake through various
satiety mechanisms, is that this delicate balance could be upset.” It has been postulated that this may result in defective growth and
musculoskeletal development. There is currently a clinical trial to determine how GLP-1RAs may alter bone density, structure, and
strength in adolescents. This trial will follow children and young adults aged 12-21years who are taking semaglutide for two years to
assess the impact of GLP-1RAs on skeletal integrity.”

Another area of concern being discussed in the current literature addresses the abuse potential of these medications and their effects
on the mental health of adolescent patients. Because of the widespread nature of their effectiveness portrayed in the media, GLP-1RAs
have a reputation for inducing quick and effective weight loss. As such, it is likely that older adolescents at least have heard of these
medications and know about their use in weight loss. Adolescents are generally a vulnerable population when it comes to body image
and self-perception, and for them, these drugs provide another possible method of quickly achieving their ideal weight status, resulting
in a high potential for abuse. In a similar fashion, it has been proposed that these medications may be misused by student athletes and
other highly competitive students who must meet specific weight requirements for competitions or to enhance athletic performance.”
Though these medications are not widely prescribed to the pediatric population currently, there has been a recent trend of increasing
medicalization of pediatric conditions.?? As such, if these drugs gain approval, it logically follows that pediatric obesity could become
one of these conditions, leading to widespread use and availability of these medications to an already vulnerable population.

As GLP-1RAs have gained popularity, some cases involving rarer adverse effects have been reported in recent literature. One case report
from 2024 involved an obese adolescent on low-dose liraglutide who presented with vomiting, epigastric pain, and decreased urine
output and was diagnosed with an acute kidney injury (AKI) in addition to hepatic dysfunction. It was determined that liraglutide
was the cause of his presentation, and the medication was discontinued.” A study conducted in 2022 demonstrated a correlation
between GLP-1RAs and AKI in adult patients. Of the cases of AKI reported, liraglutide was the most common GLP-1RA culprit, most
commonly occurring in patients between the ages of 45 and 84 years. AKI is a possible serious adverse effect associated with GLP-1RA
use and should be considered when deciding whether to prescribe this medication.®

CONCLUSIONS

Pediatric obesity is a serious condition that affects a significant portion of today’s children and young adults, and it continues to rise
in prevalence. Because this condition has detrimental long-term consequences that threaten the child’s quality of life in adulthood,
it is incumbent that new therapies be made available to help treat obesity in this population. It is a complex problem that requires a
multifaceted approach. GLP-1RAs have become targets for new research into possible remedies for the pediatric obesity epidemic.
Due to their success in reducing BMI in adults who have struggled to lose weight with lifestyle modification alone.

Several trials have been conducted that demonstrate the promise of these medications in younger children, and still, more are set to be
completed within the next few years, with the hope of gaining approval for additional GLP-1RAs. Today, two GLP-1RAs, liraglutide
and semaglutide, are approved for the purpose of weight loss as an adjunct to lifestyle therapy. They are only approved for children
over the age of 12 years. A recent MMWR study of national prescribing data demonstrated that less than 1% of obese adolescents
have been prescribed GLP-1RAs.!

Even with FDA approval, there is limited insurance coverage for these agents, and Medicaid, which covers about 40% of children in
the United States, does not cover this indication®, at least in the state of Florida. Without insurance, patients may be required to pay
$1000 per month out of pocket for these medications. This cost barrier creates a socioeconomic disparity for patients who cannot
afford private insurance or the high costs of these medications. Aside from high costs, other reasons for such a low rate of GLP-1RA
prescription include production shortages and concerns for possible adverse effects.!

Despite their demonstrated success in this population, there are still many concerns regarding long-term effects, and no data on
outcomes are available concerning long-term use. While the main side effects noted in the trial are mild to moderate gastrointestinal
effects, other serious events have been reported in the literature. There are clinical trials that are currently studying long-term
complications. Because of the paucity of completed research and data regarding their performance and tolerance in this population
in the long-term, it is essential to weigh the individual benefits and risks of using these medications on a case-by-case basis and to
monitor long-term outcomes carefully.
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