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Pediatric obesity is a complex chronic disease influenced by genetic, developmental,
        environmental, and behavioral factors and associated with significant cardiometabolic and
        psychosocial consequences. This course reviews the epidemiology, pathophysiology, health
        consequences, assessment, and evidence-based management of pediatric obesity, including
        lifestyle interventions, anti-obesity medications, and metabolic and bariatric surgery. It
        also addresses considerations for individualized, long-term treatment and the management of
        obesity-related and treatment-related challenges in children and adolescents.
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Course Overview



Pediatric obesity is a complex chronic disease influenced by genetic, developmental,
        environmental, and behavioral factors and associated with significant cardiometabolic and
        psychosocial consequences. This course reviews the epidemiology, pathophysiology, health
        consequences, assessment, and evidence-based management of pediatric obesity, including
        lifestyle interventions, anti-obesity medications, and metabolic and bariatric surgery. It
        also addresses considerations for individualized, long-term treatment and the management of
        obesity-related and treatment-related challenges in children and adolescents.

Audience



This course is designed for physicians, PAs, nurses, and allied healthcare professionals involved in the care of children and adolescents with obesity.

Accreditations & Approvals



In support of improving patient care, TRC Healthcare/NetCE is jointly accredited by the Accreditation Council for Continuing Medical Education (ACCME), the Accreditation Council for Pharmacy Education (ACPE), and the American Nurses Credentialing Center (ANCC), to provide continuing education for the healthcare team. NetCE is accredited by the International Accreditors for Continuing Education and Training (IACET).  NetCE complies with the ANSI/IACET Standard, which is recognized internationally as a standard of excellence in instructional practices. As a result of this accreditation, NetCE is authorized to issue the IACET CEU. 

Designations of Credit



This activity was planned by and for the healthcare team, and learners will receive 10 Interprofessional Continuing Education (IPCE) credit(s) for learning and change.

 NetCE designates this enduring material for a maximum of 10 AMA PRA Category 1 Credit(s)™. Physicians should claim only the credit commensurate with the extent of their participation in the activity. NetCE designates this continuing education activity for 10 ANCC contact hour(s). NetCE designates this continuing education activity for 6 pharmacotherapeutic/pharmacology contact hour(s). NetCE designates this continuing education activity for 12 hours for Alabama nurses. 

Successful completion of this CME activity, which includes participation in the evaluation component, enables the participant to earn up to 10 MOC points in the American Board of Internal Medicine's (ABIM) Maintenance of Certification (MOC) program. Participants will earn MOC points equivalent to the amount of CME credits claimed for the activity. It is the CME activity provider's responsibility to submit participant completion information to ACCME for the purpose of granting ABIM MOC credit. Completion of this course constitutes permission to share the completion data with ACCME.

 This activity has been approved for the American Board of Anesthesiology’s® (ABA) requirements for Part II: Lifelong Learning and Self-Assessment of the American Board of Anesthesiology’s (ABA) redesigned Maintenance of Certification in Anesthesiology Program® (MOCA®), known as MOCA 2.0®. Please consult the ABA website, www.theABA.org, for a list of all MOCA 2.0 requirements. Maintenance of Certification in Anesthesiology Program® and MOCA® are registered certification marks of the American Board of Anesthesiology®. MOCA 2.0® is a trademark of the American Board of Anesthesiology®.

 Successful completion of this CME activity, which includes participation in the evaluation component, enables the learner to earn credit toward the CME and/or Self-Assessment requirements of the American Board of Surgery's Continuous Certification program. It is the CME activity provider's responsibility to submit learner completion information to ACCME for the purpose of granting ABS credit.

 Successful completion of this CME activity, which includes participation in the activity with individual assessments of the participant and feedback to the participant, enables the participant to earn 10 MOC points in the American Board of Pediatrics' (ABP) Maintenance of Certification (MOC) program. It is the CME activity provider's responsibility to submit participant completion information to ACCME for the purpose of granting ABP MOC credit.

 This activity has been designated for 10 Lifelong Learning (Part II) credits for the American Board of Pathology Continuing Certification Program. 
Through an agreement between the Accreditation Council for Continuing Medical Education and the Royal College of Physicians and Surgeons of Canada, medical practitioners participating in the Royal College MOC Program may record completion of accredited activities registered under the ACCME's "CME in Support of MOC" program in Section 3 of the Royal College's MOC Program.

 AACN Synergy CERP Category A. NetCE is authorized by IACET to offer 1 CEU(s) for this program. 

Individual State Nursing Approvals



In addition to states that accept ANCC, NetCE is approved as a provider of continuing education in nursing by: Alabama, Provider #ABNP0353 (valid through July 30, 2029); Arkansas, Provider #50-2405; California, BRN Provider #CEP9784; California, LVN Provider #V10662; California, PT Provider #V10842; District of Columbia, Provider #50-2405; Florida, Provider #50-2405; Georgia, Provider #50-2405; Kentucky, Provider #7-0054 through 12/31/2027; South Carolina, Provider #50-2405; West Virginia RN and APRN, Provider #50-2405. 

Special Approvals



This activity is designed to comply with the requirements of California Assembly Bill 1195, Cultural and Linguistic Competency. 

Course Objective



The purpose of this course is to provide healthcare professionals with current, evidence-based information on the prevention, assessment, and management of pediatric obesity, including contributing factors, health consequences, and age-appropriate treatment approaches.

Learning Objectives



Upon completion of this course, you should be able to:
	Define pediatric obesity as a chronic disease of excessive adiposity and classify pediatric weight status.
	Describe current epidemiological trends in U.S. pediatric obesity and severe obesity.
	Outline the impact of heritability on the development of overweight and obesity in childhood.
	Explain the limitations of the energy balance model in accounting for the pediatric obesity epidemic and compare it with the obesogen hypothesis and exposome paradigm as alternative frameworks for understanding etiology.
	Identify prenatal, perinatal, and early childhood risk factors that contribute to childhood obesity risk.
	Distinguish among monogenic, syndromic, and polygenic forms of pediatric obesity based on clinical presentation, genetic pathways, and features of the leptin-melanocortin system.
	Describe the hypothalamic, peripheral, and metabolic pathophysiologic mechanisms that drive energy dysregu-lation and obesity-related complications in children.
	Identify cardiometabolic complications and clinical presentation of pediatric obesity.
	Identify noncardiometabolic complications of pediatric obesity and their pathophysiologic relationship to excess adiposity.
	Conduct a comprehensive clinical assessment of a child or adolescent with obesity, highlighting the importance of interprofessional collaboration.
	Describe the indications, efficacy, and limitations of lifestyle modification therapy, metabolic and bariatric surgery, and pharmacotherapy in the comprehensive management of pediatric obesity.
	Compare FDA-approved antiobesity medications used in pediatric populations with respect to mechanism of action, approved age ranges, efficacy data, and adverse effect profiles.
	Explain the shared pathophysiology of ADHD, binge eating disorder/loss-of-control eating disorder, and pediatric obesity and impact on pharmacological strategies.



Faculty



Mark Rose, BS, MA, LP, is a licensed psychologist in the State of Minnesota with a private consulting practice and a medical research analyst with a biomedical communications firm. Earlier healthcare technology assessment work led to medical device and pharmaceutical sector experience in new product development involving cancer ablative devices and pain therapeutics. Along with substantial experience in addiction research, Mr. Rose has contributed to the authorship of numerous papers on CNS, oncology, and other medical disorders. He is the lead author of papers published in peer-reviewed addiction, psychiatry, and pain medicine journals and has written books on prescription opioids and alcoholism published by the Hazelden Foundation. He also serves as an Expert Advisor and Expert Witness to law firms that represent disability claimants or criminal defendants on cases related to chronic pain, psychiatric/substance use disorders, and acute pharmacologic/toxicologic effects. Mr. Rose is on the Board of Directors of the Minneapolis-based International Institute of Anti-Aging Medicine and is a member of several professional organizations.
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Division Planners
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About the Sponsor



The purpose of NetCE is to provide challenging curricula to assist
        healthcare professionals to raise their levels of expertise while fulfilling their
        continuing education requirements, thereby improving the quality of healthcare.
Our contributing faculty members have taken care to ensure that the
        information and recommendations are accurate and compatible with the standards
        generally accepted at the time of publication. The publisher disclaims any
        liability, loss or damage incurred as a consequence, directly or indirectly, of
        the use and application of any of the contents. Participants are cautioned about
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        practice.
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        learners.

Implicit Bias in Health Care




      The role of implicit biases on healthcare outcomes has become a concern,
      as there is some evidence that implicit biases contribute to health
      disparities, professionals' attitudes toward and interactions with
      patients, quality of care, diagnoses, and treatment decisions. This may
      produce differences in help-seeking, diagnoses, and ultimately treatments
      and interventions. Implicit biases may also unwittingly produce
      professional behaviors, attitudes, and interactions that reduce patients'
      trust and comfort with their provider, leading to earlier termination of
      visits and/or reduced adherence and follow-up. Disadvantaged groups are
      marginalized in the healthcare system and vulnerable on multiple levels;
      health professionals' implicit biases can further exacerbate these
      existing disadvantages.
    

      Interventions or strategies designed to reduce implicit bias may be
      categorized as change-based or control-based. Change-based interventions
      focus on reducing or changing cognitive associations underlying implicit
      biases. These interventions might include challenging stereotypes.
      Conversely, control-based interventions involve reducing the effects of
      the implicit bias on the individual's behaviors. These strategies include
      increasing awareness of biased thoughts and responses. The two types of
      interventions are not mutually exclusive and may be used synergistically.
    


1. INTRODUCTION



Obesity is a chronic complex disease defined by excessive adiposity [1]. In youth 2 to 19 years of age during 2021–2023, the prevalence of obesity (21.1%) and severe obesity (7.0%) was a respective 8.5% and 12.8% increase from 2017–2018 [2,3].
Obesity is considered a disorder of the energy regulatory system, which balances food intake and energy metabolism. Disruption by genetic, developmental, and environmental factors result in energy (e.g., fat) accumulation, metabolic dysregulation, and obesity [4,5,6,7]. In particular, fetal exposure to endocrine-disrupting chemicals, maternal obesity and inflammatory mediators in utero, a critical developmental window in programming disease expression, may predominantly underlie childhood obesity [8,9].
Pediatric obesity is a serious public-health challenge, imposing risks of serious short- and long-term adverse outcomes, including cardiometabolic diseases of type 2 diabetes, hypertension, and non-alcoholic fatty liver disease (NAFLD), and psychosocial consequences that persist as lower rates of marriage, income, advanced education, and life satisfaction [10,11,12]. Pediatric-onset type 2 diabetes and NAFLD are markedly more aggressive and treatment-resistant, and common in severe early-childhood obesity [13].
The severity of co-occurring cardiometabolic disease directly correlate with body mass index (BMI), a surrogate marker of adiposity, but lifestyle modification therapy alone seldom achieves durable BMI loss sufficient to reverse current comorbidities and mitigate future health risks [5,14,15,16,17]. The poor prognosis of uncontrolled childhood obesity and availability of effective interventions have catalyzed a paradigm shift. Today, the approach to childhood obesity is to initiate treatment early and aggressively, utilizing lifestyle modification therapy, anti-obesity medication, and/or metabolic and bariatric surgery [11,17,18,19,20,21].
Long-term metabolic and bariatric surgery outcomes in youth demonstrate substantial, durable decreases in BMI and obesity comorbidities [22,23,24,25,26]. Increasingly effective anti-obesity medications are receiving pediatric approval. metabolic and bariatric surgery and anti-obesity medication both demonstrate similar or slightly better efficacy in children/adolescents versus adults, and comparable safety [27].
Treating pediatric obesity is often not as straightforward as pharmacotherapy alone. Effective long-term management can require additional weight-loss-promoting medications to treat obesegenic comorbidities of attention-deficit hyperactivity disorder and binge-eating disorder; mitigate obesegenic medications prescribed for other conditions, especially second-generation antipsychotic drugs; optimize inadequate pharmacotherapy response; and provide affordable options with insurance non-coverage of anti-obesity medications [16,19,28].

2. DEFINITION OF PEDIATRIC OBESITY



Obesity is a chronic complex disease defined by excessive adiposity that impairs health. Obesity is commonly a multifactorial disease due to environmental, psychosocial, and genetic factors. A subgroup of patients has single major etiologies, including monogenic disease/genetic syndrome and weight-promoting medications [1].
Body mass index (BMI) is a surrogate marker of adiposity
      calculated as weight (kg)/height2 (m2).
      Pediatric weight classification is BMI-based (Table 1).
      Obesity is defined as BMI at or above the 95th percentile, or ≥2 standard deviations above the
      median relative to children and teens of the same age and biological sex [1,29].

Table 1: PEDIATRIC WEIGHT STATUS CLASSIFICATION
	Category	Definition (as BMI Percentile for Age and Sex)
	Underweight	BMI <5th percentile
	Healthy weight	BMI 5th to 84th percentile
	Overweight	BMI 85th to 94th percentile
	Obesity	BMI ≥95th percentile or BMI ≥30 kg/m2 (class 1
              obesity)
	Severe obesity	BMI ≥120% of the 95th percentile or BMI ≥35 kg/m2
              (class ≥2 obesity)


Source: [12,30,31,32]


The World Health Organization (WHO) defines adolescence as ages 10 to 19 years. The U.S. Food and Drug Administration (FDA) defines children and adolescents as age younger than 18 years, which is generally considered the pediatric age bracket. To reduce wordiness, the terms children, childhood, or pediatric will be used throughout this course, at times, in reference to children and adolescents.

3. EPIDEMIOLOGY



Long-term surveillance data demonstrate a substantial increase in the prevalence of obesity among U.S. children and adolescents. As shown in Table 2, obesity prevalence among individuals 2 to 19 years of age rose markedly from the late 1960s through the early 2000s and has remained at historically high levels in more recent years. Although the rate of increase has varied over time, the overall trend reflects a persistent population-level burden, with approximately one in five U.S. children and adolescents affected by obesity in the most recent estimates. This long-term pattern underscores the importance of ongoing surveillance and early, sustained prevention and treatment efforts across clinical, family, school, and community settings.

Table 2: PREVALENCE OF PEDIATRIC OBESITY AND SEVERE OBESITY AGES 2–19 YEARS
	Year	Obesityb	Severe Obesityb
	Total	Boys	Girls	Total	Boys	Girls
	1966–1970	4.6%a	N/A	N/A	N/A	N/A	N/A
	1971–1974	5.2%	5.3%	5.1%	1.0%	1.0%	1.0%
	1976–1980	5.5%	5.4%	5.6%	1.3%	1.2%	1.3%
	1988–1994	10.0%	10.2%	9.8%	2.6%	2.7%	2.6%
	1999–2000	13.9%	14.0%	13.8%	3.6%	3.7%	3.6%
	2001	15.4%	16.4%	14.3%	5.2%	5.1%	4.2%
	2003	17.1%	18.2%	16.0%	5.1%	5.4%	4.7%
	2005	15.4%	15.9%	14.9%	4.7%	4.9%	4.5%
	2007	16.8%	17.7%	15.9%	4.9%	5.5%	4.3%
	2009	16.9%	18.6%	15.0%	5.6%	6.4%	4.7%
	2011	16.9%	16.7%	17.2%	5.6%	5.7%	5.5%
	2013	17.2%	17.2%	17.1%	6.0%	5.6%	6.3%
	2015	18.5%	19.1%	17.8%	5.6%	6.3%	4.9%
	2017–2018	19.3%	20.5%	18.0%	6.1%	6.9%	5.2%
	2021–2023	21.1%	N/A	N/A	7.0%	N/A	N/A
	
            aAges 12 to 17 years only
bObesity is defined as BMI ≥95th percentile, and severe obesity is BMI ≥120% of the 95th percentile or ≥35 kg/m2.
N/A = Not available


          


Source: [33,34]


KEY TRENDS



The 1980s and 1990s marked the onset of the obesity epidemic in children and adults. Pediatric obesity increased more than 300% from 1976–1980 to 2003, but only 11.4% from 2003 to 2017–2018 (Table 2). Compared with adult obesity, pediatric obesity shows a smaller relative increase since 2000.
Pediatric severe obesity increased 700% between 1971–1974 and 2021–2023 and tends to be higher in boys. This contrasts with the markedly higher female prevalence in adult severe obesity, at times exceeding boys by ≥100% (e.g., 1999–2000, 2003).
Obesity prevalence in children age 6–11 years and age 12–19 years increased between 1976–1980 (6.5%, 5%), 1988–1994 (11.3%, 10.5%) and 2015–2018 (19.3%, 20.9%), and in children 2 to 5 years of age increased between 1988–1994 (7.2%) and 2015–2018 (13.7%) [29].
Among low-income children 2 to 4 years of age enrolled in the Special Supplemental Nutrition Program for Women, Infants, and Children (WIC), severe obesity prevalence decreased from 2.1% in 2010 to 1.8% in 2016 and then increased to 2.0% in 2020 [35].
The COVID-19 pandemic was associated with increases in
        obesity, but this may have been limited to children. Between 2017–2018 and 2021–2023, adult
        obesity prevalence dropped 2.5% and severe obesity stabilized, but pediatric obesity
        increased 8.5% and severe obesity increased 12.8% [36].

PEDIATRIC OBESITY DEMOGRAPHICS



In 2017–2020, obesity (19.7% overall) affected 14.7 million youth, increased with age among 2- to 5-year-olds (12.7%), 6- to 11-year-olds (20.7%), and 12- to 19-year-olds (22.2%), and was higher among Hispanic (26.2%) and non-Hispanic Black (24.8%) Americans than non-Hispanic White (16.6%) and non-Hispanic Asian (9.0%) Americans [37].
In 2011–2014, obesity prevalence in children 2 to 19 years of age decreased as the head of household's level of education increased, did not differ between low-income (18.9%) and middle-income (19.9%) but was lower among high-income (10.9%) households. In high-income households, obesity was lower among non-Hispanic Asian and Hispanic boys; lower among non-Hispanic White, non-Hispanic Asian, and Hispanic girls; and did not differ by income among non-Hispanic Black girls [37].
Obese children commonly become obese adolescents and adults; severe obesity during adolescence increases the risk for severe obesity during early adulthood. BMI levels strongly track throughout childhood and adolescence and are predictive of high adult BMI [11].


4. ETIOLOGY AND RISK FACTORS



Note: In the cited research, the terms energy, caloric, nutrient,
        and fuel are used interchangeably in reference to glucose and free fatty acids. They will be
        used in the same way in the following sections.
    
Obesity is understood as a disorder of the energy regulatory system. Normally, homeostatic processes maintain energy intake, storage, and expenditure (i.e., resting metabolic rate) within a controlled range by balancing intake and expenditure. Brain circuits receive input signals from adipose tissue and peripheral organs concerning energy stores and availability and respond by increasing hunger or satiety and adjusting energy expenditure. This feedback mechanism regulates food intake and metabolism, maintaining homeostasis [5,6,7].
Dysregulation of this system shifts homeostasis to favor energy (fat) accumulation, leading to excess adiposity, metabolic derangements, and obesity. Most obesity results from interacting genetic, developmental, and environmental factors [4,5]. The essential question is what has changed since the 1980s that explains the increasing prevalence and severity of pediatric obesity [8,9].
HERITABILITY



Shared genetics and family environment both contribute to heritability. The genetic heritability of BMI and adiposity has been separately estimated by twin studies (50% to 90%), nuclear families (30% to 50%), and adoption studies (10% to 35%). In a population with the entire range of BMI, the genetic component accounts for 40% to 50% of variability in BMI and adiposity overall and is higher in obese and severely obese (60% to 80%) than normal-weight (~30%) persons [38].
The genetic proportion of BMI variation increases in childhood and peaks in adolescence, with nongenetic factors progressively more important in adult obesity [38,39]. Genome-wide association studies have identified ≥20 loci associated with childhood BMI, obesity and early growth traits [40].
Parental obesity is the strongest risk factor for pediatric obesity. The proportionate increase in a child's BMI with parental BMI is consistent across countries and populations. Twin and other family studies suggest shared genetics, rather than environment, largely explain the strong predictive value of parental BMI, with stronger maternal than paternal effects [39,41].
A child's risk of obesity is 2- to 3-fold higher with obesity in one biological parent and up to 15-fold with obesity in both parents, suggesting involvement of intergenerational transmission [29,39]. Assortative mating, or sexual selection based on phenotypic similarity (e.g., fatness) may increase the concentration of obesity alleles among people in the upper range of BMI distribution over time. Spouse concordance for obesity confers a 20-fold higher risk for obesity in adult offspring vs those of normal-weight parents [38].
Genetics and heritability play clear roles in pediatric obesity pathogenesis, but do not explain the increased rates since 1980, as genetics have not meaningfully changed over this short timeframe. The focus must turn to environmental factors as the cause of the current pediatric obesity pandemic [9,42].

OBESITY PARADIGMS



The Energy Balance Model (EBM)



In the dominant EBM, energy imbalance resulting in obesity is caused by overeating and insufficient exercise; we gain weight because we eat more calories than we burn [8]. If the uptake in calorie-dense food is greater than the energy expenditure, it is expected that the accumulation of fat will increase in direct proportion to this imbalance [42].
The EBM paradigm of the obesity epidemic has become conventional wisdom, but different lines of evidence challenge its validity, and EBM cannot explain or address the following.
Between 1999–2000 and 2017–2018 as adult obesity increased 28% and severe obesity increased 92%, caloric intake decreased, activity energy expenditure increased, and adults showed clear evidence of dietary improvement with increased healthy fats and plant sources of protein, and decreased sugar intake [8,43].
Between 1988 and 2006, despite weekly physical activity increasing 47% in men and 120% in women, BMI was up to 2.3 kg/m2 higher in 2006 than in 1988 for an equivalent amount of energy intake or physical activity; in other words, BMI increased even when holding carbohydrate and fat intake and physical activity constant [44].
Between 1987 and 2017, changes in energy expenditure were examined in 4,800 adults. Activity energy expenditure includes exercise and non-exercise activity. Resting energy expenditure, or basal metabolic rate, is the minimum to maintain vital physiological functions. Total energy expenditure (in calories/day) is the sum of activity energy expenditure and resting energy expenditure [45,46]. During 1987–2017, total energy expenditure significantly declined, confirming its role in obesity epidemic. However, activity energy expenditure significantly increased. Declining basal metabolic rate, not reduced physical activity, accounted for lower total energy expenditure [47].
Additionally, numerous mammalian species (in the wild, near human populations, pets) have also exhibited increasing obesity over the past decades, including animals in research colonies where food intake is highly controlled, suggesting that something has changed within the environment in which humans and animals reside [42].
Furthermore, unless the average infant consumes more calories and exercises less than previous generations, EBM does not explain how prenatal factors and the in utero environment influence childhood obesity [8,42].
The obesity epidemic lacks clear explanation. Increased caloric intake and decreased activity do not adequately explain rising BMI and obesity and are unsupported by national data since 2000 [44,47]. The entrenched belief that overeating and inactivity already explain the epidemic perpetuates the inadequate attention and investment in understanding its root causes [8].
Instead, unrecognized factors seem to be modifying how energy intake and expenditure influence body weight over time through misleading signals about energy status, generated by the energy regulatory system, which alter normal energy metabolism and shift energy balance to promote adiposity, independent of overeating and sedentary lifestyle [42,44,47,48].
This accumulating evidence, and the limitations of EMB, have recently led to two related paradigms.

The Obesogen Hypothesis



Obesogens alter energy metabolism by disrupting signaling pathways that regulate energy intake and expenditure, nutrient handling, and adipose biology. Obesogens can be naturally occurring (e.g., heavy metals, viruses), anthropogenic (e.g., plastics, household chemicals, personal care products, insecticides, prescription drugs), or food components (e.g., non-nutritive sweeteners, fructose, trans-fats, preservatives), any of which can increase adiposity via endocrine or nonendocrine mechanisms. Exposures can occur via food, air, water, and placental transmission [49].
As endocrine-disrupting chemicals, obesogens fundamentally contribute to the obesity epidemic by shifting energy balance to promote adipose accumulation and metabolic disease. This evidence led to the obesogen hypothesis, which states [50]:
      
	Exposure to obesogens can alter adipose tissue, liver, pancreas, GI tract, and brain development and function, changing the set point for control of metabolism.
	Obesogens can determine how much food is needed to maintain homeostasis, increasing susceptibility to obesity.
	Obesogens can act via epigenetic mechanisms, early development exposure is the most sensitive time to impact weight gain.



The Exposome Paradigm



In the pathogenesis of obesity, individual response to development-specific exposures is influenced by genetic predisposition. Cumulative environmental exposures in utero and throughout childhood can interact in programming disease expression, and frequently co-occur to result in additive, antagonistic, or potentiating effects. The burden of exposure is not uniformly distributed; some racial, ethnic, and low-income populations, who are more likely to live in poorly resourced communities, are highly burdened [40].
The development of childhood obesity is a complex multi-factorial process, with numerous interconnected pathways and clustering of risk factors that shift energy homeostasis to energy imbalance and excess weight gain. The exposome paradigm helps to disentangle how these environmental, biological and behavioral exposures interact at critical developmental windows to increase obesity and metabolic risks [40].


THE DEVELOPMENTAL ENVIRONMENT



Prenatal and Perinatal Factors



The in utero environment is a critical period for the origins of obesity and cardio-metabolic disease in childhood by increasing sensitivity or susceptibility to gain weight [9].
Birth weight shows a U-shaped association with obesity risk; both low and high birth weights increase risks of obesity and metabolic disease, often associated with early-life high-risk growth trajectories [9]. Pre-natal exposure to maternal obesity, smoking, and hyperglycemia doubles the odds of early post-natal high-risk BMI trajectories [40].
Small for gestational age newborns are typically hyperinsulinemic and insulin resistant at birth, exhibit rapid catch-up growth in infancy, and develop obesity in childhood with persistent insulin resistance and later development of metabolic syndrome [9]. Early rapid weight gain confers a nearly 4-fold greater risk for developing overweight or obesity from childhood to adulthood [40].
Large for gestational age babies are hyperinsulinemic at birth with double the prevalence of insulin resistance and metabolic syndrome. Maternal gestational diabetes and obesity are associated with greater adiposity and obesity in offspring [9].
Some aspect of prematurity alters developmental programming. Premature infants followed into early childhood demonstrate increased weight gain, insulin resistance, and compensatory insulin levels inappropriately high for their weight gain [9].
Prenatal stress may cause epigenetic changes in glucocorticoid receptor coding which alter neonatal stress reactivity. With chronic stress, high glucocorticoid levels may act as a feed-forward system, recruiting a major chronic stress response network that alters the normal output of autonomic, neuroendocrine and behavioral systems toward increased HPA-axis activity and fear-like behavior that increases ingestion of high energy–density food with subsequent increased fat stores and metabolic syndrome [9].
Maternal metabolic factors before and during pregnancy adversely affect offspring growth or adiposity in utero and after birth, increasing risk for cardiometabolic disease into adulthood. Maternal obesity and diabetes are associated with high birth weight and higher BMI during childhood, and excess adipose tissue accumulation [40].
High-risk growth patterns associated with maternal obesity begin in infancy. Women with obesity have a 4-fold increased risk for gestational diabetes, yet maternal gestational diabetes independent of BMI is associated with greater offspring body fat and adverse metabolic health [40].
Mechanisms involved in the developmental programming of offspring growth, adiposity and metabolic health include epigenetic modifications, altered placental function, and maternal and fetal inflammation, which affects appetite regulation, adipose tissue growth, and mitochondrial metabolism [40].
In breast milk analyses, maternal obesity is associated with increased fat content with altered appetite and satiety-regulating hormones, while maternal obesity and diabetes is characterized by chronic systemic low-grade inflammation with increased inflammatory cytokines and altered immunoglobulin concentrations [40].
Early-life synthetic chemical exposures contribute to risk for obesity, diabetes, and hypertension. Bisphenols are synthetic estrogens that reprogram mesenchymal cells away from bone to fat and antagonize adiponectin. Phthalates adversely influence receptors crucial to lipid and carbohydrate metabolism, are oxidative stressors, and have estrogenic and anti-androgenic effects. Multiple, rather than single, chemical exposures are prevalent during pregnancy [40].
Several adverse childhood health outcomes are consistently associated with intrauterine tobacco smoke exposure, including fetal growth retardation and obesity during childhood. Maternal smoking in pregnancy is associated with an elevated odds for childhood obesity. The effects of exposure through secondhand smoke alone are also substantial [40].

Early Childhood Factors



Growth dynamics in children with obesity substantially differ from children with normal weight. Children with obesity are often significantly taller in early childhood. Earlier puberty, blunted pubertal growth spurt, altered serum sex hormone profiles, and advanced bone age may explain subsequent normalization in height vs normal-weight children [41].


Evidence Based Practice Recommendation

The Registered Nurses' Association of Ontario recommends assessing the
            family environment for factors (e.g., parenting/primary caregiver influences and
            sociocultural factors) that may increase children's risk of obesity.
https://rnao.ca/sites/rnao-ca/files/Childhood_obesity_FINAL_19.12.2014.pdf

             Last Accessed: September 30, 2026
Level of Evidence: IV (Evidence
            obtained from expert committee reports, opinions, and/or clinical experiences of
            respected authorities)


Executive functioning deficits and poor self-regulation highly associate with childhood obesity and underlie comorbid ADHD, and some early childhood obesities have features of a broader neurodevelopmental disorder [40,51,52]. Sleep and the circadian rhythm show inconsistent data [40].
Socioeconomic status is another important risk factor for pediatric obesity. In children with a low socioeconomic status, the odds ratio for obesity is more than two-fold higher than in children with higher status [41].
A number of pediatric medications can induce excessive weight gain and metabolic disorders, discussed later under clinical management.


PATHOGENESIS OF GENETIC OBESITY



Pediatric obesity is classified by genetic contribution as monogenic obesity, syndromic obesity, and polygenic or common obesity [53,54]. Monogenic and syndromic obesities are caused by variants with a strong effect in as few as one gene and/or chromosomal deletions, with negligible environmental influence. Polygenic obesity results from interactions between environmental factors and mutations in numerous genes, each with a small, isolated effect, which act additively to produce combined effects. Thus, genetic influence in obesity falls on a continuum [7,41,55].
Monogenic and syndromic obesities are characterized by early-onset (i.e., at age 5 years or younger) severe obesity and hyperphagia (pathologic, insatiable hunger) resulting from defective genes that encode the leptin-melanocortin pathway in the arcuate nucleus of the hypothalamus (ARC) (Table 3), the primary regulatory circuit of hunger and satiety [41]. Normal function of this pathway is shown by the chain of activity initiated by leptin, released by adipose tissue to activate its receptor, LEPR, in the ARC. From there, LEPR induces proopiomelanocortin (POMC) and prohormone convertase subtilisin/kexin 1 (PCSK1) and converts POMC to adrenocorticotropic hormone (ACTH) and to alpha-melanocyte stimulating hormone (α-MSH), which activate melanocortin receptor type 4 (MC4R) in the paraventricular hypothalamus (PVH) to induce satiety and reduce food intake. Steroid receptor coactivator 1 (SRC-1) and SRC-homology-2B adaptor protein 1 (SH2B1) are crucial in leptin-mediated signaling. Single-minded homolog 1 (SIM1) mediates PVH neuron development.

Table 3: CLINICAL CHARACTERISTICS OF MONOGENIC AND SYNDROMIC OBESITIES
	Disease	Abnormalities
	Growth	Endocrine	Other Clinical
	Monogenetic Obesity
	Leptin deficiency	Absence of pubertal growth spurt	Hypogonadotropic hypogonadism, hypothyroidism	Frequent infections due to altered immune function
	Leptin receptor deficiency
	MC4R deficiency	Increased lean mass and accelerated linear growth	Hyperinsulinemia	Hypotension
	POMC deficiency	Accelerated childhood growth	ACTH deficiency, hypothyroidism	Red/orange hair, fair skin in non-Hispanic White patients
	PCSK1 variation	Failure to thrive in early infancy	ACTH deficiency, hypothyroidism, hypoglycemia	Intractable recurrent diarrhea
	SRC1 deficiency	Not reported	Impaired leptin-induced POMC, low
                testosterone and gonadotropin levels, PMOS	Fractures from minor incidents, liver fibrosis, diabetes/insulin
                resistance
	Syndromic Obesity
	Albright hereditary osteodystrophy	Short stature	PHP, hyperparathyroid levels	Hypocalcemia, subcutaneous ossifications, other skeletal and developmental
                anomalies
	Alström syndrome	Short stature	Insulin resistance, type 2 diabetes, hypothyroidism, hypogonadism,
                hyperandrogenism (females)	Hearing loss, vision impairment, renal failure, hepatic dysfunction,
                cardiomyopathy
	Bardet-Biedl syndrome	Rapid weight gain in early childhood through adolescence	Hypogonadism	Visual impairment, cognitive disabilities, polydactyly, liver dysfunction,
                renal failure
	Prader-Willi syndrome	Poor feeding, failure to thrive, hypotonia in infancy	Hypogonadism	Dysmorphia, intellectual disability, behavioral disorders
	SIM1 deficiency	Neonatal hypotonia and feeding difficulty	Hypogonadism	Developmental delay, facial dysmorphism
	SH2B1 deficiency	Reduced height	Insulin resistance	Delayed speech and language development
	16p11.2 deletion	Not reported	Hyperinsulinemia	Developmental delay; intellectual, communication and socialization
                disability
	ACTH = adrenocorticotropic hormone; MC4R = melanocortin-4 receptor; PMOS = polyendocrine
                metabolic ovarian syndrome; PCSK1 = prohormone convertase subtilisin/kexin 1; PHP =
                pseudohypoparathyroidism; POMC =
                proopiomelanocortin; SH2B1 = SRC-homology-2B adaptor protein 1; SIM1 = single-minded
                homolog 1; SRC1 = steroid receptor coactivator 1.


Source: [7,56]


Defects in any of these genes disrupt normal satiety signaling leading to the phenotype of childhood severe obesity and hyperphagia. Common obesity also alters leptin-melanocortin function, but the effects are far less stark [55,56,57,58].
Up to 13% of children referred to tertiary centers for suspected underlying medical causes of obesity show monogenic obesity. The prevalence of genetic obesities is underestimated because diagnosis requires genotyping and analysis of genetic variants; Bardet-Biedl syndrome is the exception [41].
Satiety is the control of appetite and refers to periods between meals. Satiation is the control of meal size [41].
Hyperphagia, a core feature of genetic obesities, is an extreme unsatisfiable drive to eat, with food-seeking behaviors such as eating quickly, negotiating for more food, and sneaking, stealing, or hiding food. Hyperphagia may be extreme and constant, manifesting as prolonged time to satiation, brief duration of satiety, protracted hunger, preoccupation with food, distress if denied food, and/or eating more than optimal quantities of food. Intolerance of food restriction and conflicts over food limits can cause substantial negative consequences for patients and caregivers [7,58].
Monogenic Obesity



Monogenic obesity involves single-gene defects in the leptin-melanocortin pathway, most commonly MC4R (>5%) and LEPR (3%) (likely underestimates) [41,58]. Most patients with monogenic obesities show rapid post-natal weight gain through the 12 months. LEP or LEPR prevents normal pubertal development due to hypogonadotropic hypogonadism. MC4R patients show less pronounced early weight gain, with severe obesity later in childhood and taller stature. Some clinical features are gene-specific. Cognitive development is usually normal. Motor development may seem delayed, but excess BMI at least partly explains this effect [41].

Syndromic Obesity



Unlike the more common monogenic obesities, syndromic obesities are rare pleiotropic syndromes that typically present with dysmorphic features and specific congenital alterations, neurodevelopmental disorders, and/or additional multisystem disease-specific phenotypes. Bardet-Biedl syndrome is the only genetic obesity diagnosed by clinical presentation [7,38,58].


PATHOPHYSIOLOGY OF POLYGENIC OBESITY



Obesity is a chronic, multi-tissue, multihormone, multi-receptor, and multi-mechanism disease that develops through similar pathophysiologic processes in children and adults [8,9].
Hypothalamic Pathophysiology



The energy regulation system is centered in the hypothalamus. The ARC receives input signals from peripheral tissue (adipose tissue, liver, gut, pancreas) of satiety (anorexigenic) or hunger (orexigenic) which activate anorexigenic POMC neurons, or orexigenic neuropeptide Y and agouti-related peptide (NPY/AgRP) neurons, in the ARC. In response, the ARC directs pertinent brain areas to adjust food intake and energy expenditure, controlling energy and bodyweight through food-seeking behavior, gastric emptying, gut nutrient uptake, pancreatic release of insulin, and insulin effects in adipose tissue, liver, and skeletal muscle [5,59].
Circulating hormones (e.g., leptin, insulin, ghrelin, glucagon-like peptide 1 [GLP-1]), bind their receptors on POMC and NPY/AgRP neurons in the ARC [7]. To communicate short-term energy needs, the gut releases hormones in anticipation of food intake (ghrelin), in response to nutrient ingestion (GLP-1, glucose-dependent insulinotropic polypeptide [GIP], and cholecystokinin [CCK]), or during nutrient deprivation (glucagon) [60].
The incretin hormones GLP-1 and GIP stimulate insulin secretion to regulate glucose homeostasis. GLP-1 also acts centrally to reduce appetite by activating satiety pathways, and in the stomach to delay gastric emptying [7]. Ghrelin, the only orexigenic gut hormone, signals the need for increased food intake [60].
After food intake, adipocytes release leptin, and pancreatic β-cells release insulin in response to elevated blood glucose. Both activate POMC to signal satiation and promote energy expenditure, important for resistance against diet-induced obesity, and both suppress orexigenic NPY/AgRP signaling [9,59].
Ghrelin and leptin have opposing actions aimed at increasing or decreasing adiposity. Caloric deficit increases ghrelin and reduces leptin levels, which reverse post-prandially and high leptin suppresses ghrelin release. Ghrelin activates NPY neurons to inhibit POMC signaling and increase food intake. Ghrelin and GLP-1 have opposite actions on eating behaviors and food reward, which ghrelin reinforces and GLP-1 attenuates [9].
Disruption of these regulatory circuits decreases satiety response and energy expenditure, increases appetite- and hunger-promoting processes, promoting excess weight gain and obesity [6,57,60].
As obesity develops, exposure to high insulin levels silences POMC neuron response to leptin. Hyperinsulinemia and CNS insulin resistance block leptin receptor signaling and promote leptin resistance, which increases food intake [9]. Other disruptions in the leptin-melanocortin network diminish satiety response and reduce energy expenditure, increasing appetite- and hunger-promoting processes and excessive adiposity [6,57,60].


PERIPHERAL PATHOPHYSIOLOGY



Excess energy is stored as fat in adipose tissue, carbohydrate (i.e., glycogen) in liver, or protein in muscle. Carbohydrate storage capacity is limited; what cannot be stored, or quickly used, gets stored as triglyceride. However, as a substrate for energy metabolism, fat is last in the hierarchy of fuel selection, after carbohydrate or protein.
Adipocytes have crucial roles of lipid storage, insulin sensitivity, and endocrine/immune function. Disruption of any contributes to obesity-related metabolic disease. Ectopic fat is a strictly pathogenic depot [61,62,63,64,65,66].
Most excess energy is stored by adipocytes as triglyceride. Adipocytes can accumulate triglyceride from circulating free fatty acid to increase fat stores (lipogenesis) or convert triglyceride into free fatty acids released into circulation to supply other tissues with energy (lipolysis) [67,68,69,70].
Pancreatic β-cells release insulin to counter rising blood glucose. Insulin aims to store carbohydrate as glycogen or free fatty acid and is crucial in lipogenesis and lipolysis.
Adipocytes must balance lipogenesis and lipolysis to maintain insulin sensitivity and energy homeostasis. free fatty acid, glucose, and hormonal cues regulate these processes [67,68,69,70].
Insulin protects against the cellular and tissue toxicity that high circulating glucose and free fatty acid cause. Insulin sensitivity of adipose tissue, liver, and muscle is vital to metabolic and energy homeostasis. Caloric excess elevates insulin, stimulating glucose uptake and inhibiting lipolysis; caloric deficit lowers insulin, disinhibiting lipolysis to release lipids for energy [9,69,71,72,73].
Insulin activates transporters on fat and muscle cell surfaces, pulling circulating glucose into the cell. In fat cells, insulin converts the glucose to triglyceride for storage and inhibits triglyceride breakdown and release as free fatty acid. Insulin suppresses glucose output by the liver, the largest glucose storage site (as glycogen) and primary glucose source for all tissue. Insulin also decreases hepatic glucose output by inhibiting AgRP neurons.
Adipose tissues release adipokines, and receive metabolic signals to regulate lipid metabolism, appetite and energy balance, inflammatory and immune response, glucose homeostasis (i.e., insulin sensitivity) and blood pressure [69,70,74,75,76,77].
Adipokines include pro-inflammatory hormones (e.g., leptin) and cytokines and anti-inflammatory hormones (e.g., adiponectin) and interleukins. These signaling molecules mediate local and systemic immune response, lipid and glucose homeostasis. Adipose tissue primarily releases pro-inflammatory adipokines in persons with obesity, and anti-inflammatory adipokines in lean individuals [78].

METABOLIC PATHOPHYSIOLOGY



An immune response appears early during adipose accumulation. Over time, the local adipose-induced inflammatory microenvironment diffuses systemically, activating inflammatory signaling pathways and depositing pathogenic ectopic fat to remote organs. Adipose tissue, liver and muscle become insulin resistant, promoting hyperinsulinemia, hyperglycemia, loss of β-cell function, and ectopic fat accumulation, leading to metabolic and organ tissue complications of pediatric obesity [6,79,80,81,82].

LOCAL PATHOGENESIS



As obesity develops and persists, adipocytes increase in number (hyperplasia), then in size (hypertrophy), to expand triglyceride storage. Hypertrophy and triglyceride accumulation promote hypoxia and fibrosis, leading to cell death, oxidative and mitochondrial stress in adipocytes, increased inflammatory signaling and release of pro-inflammatory factors.
Resident macrophages switch from an anti-inflammatory M2 to a pro-inflammatory M1 phenotype, exacerbating local inflammation and adipocyte fibrosis. Circulating M1 macrophages infiltrate adipose tissue and further recruit inflammatory mediators, initiating chronic low-grade inflammation and insulin resistance [6,76,83,84].

SYSTEMIC PATHOGENESIS



The obesity-induced inflammatory cascade expands beyond adipose tissue as hypertrophic fibrotic adipocytes pump free fatty acids into circulation. free fatty acid deposits in liver, muscle, heart, pancreas and renal depots dose-dependently promote local lipotoxicity, inflammatory activity, and insulin resistance.
Insulin resistance (i.e., diminished response to insulin of its tissue targets) develops in fat cells, muscle, adipose tissue, and the liver. Adipocytes' diminished fat storage and uninhibited lipolysis persistently increases circulating free fatty acids, leading to hepatic insulin resistance and steatosis, dyslipidemia, and β-cell dysfunction. Impaired tissue uptake of circulating glucose initiates hyperglycemia, aggravated by unchecked hepatic glucose output [80,83,84,85,86,87].
Circulating appetite-inhibitory hormones rise, and appetite stimulatory hormone levels fall, as impaired feedback circuitries attempt to regulate food intake.
Hyperinsulinemia, a compensatory response to insulin resistance, further increases weight gain and insulin resistance, exacerbated by resistance to the anorexigenic effects of insulin, leptin and GLP-1. Ectopic fat, lipotoxicity from circulating free fatty acids, glucose toxicity, and β-cell resistance to GLP-1 contribute to progressive failure of β-cell function.
Multi-organ insulin resistance, hyperglycemia, and hyperinsulinemia in pediatric obesity promote hypertension, dyslipidemia, and endothelial dysfunction, leading to cardiometabolic diseases that often present with one another along with the obesity.


5. PEDIATRIC OBESITY-RELATED COMPLICATIONS



Pediatric obesity is linked to numerous medical conditions which can affect almost every body system. The severity of these comorbidities directly correlates with BMI [14,15].
CARDIOMETABOLIC COMPLICATIONS



Hypertension



Hypertension prevalence is more than 10% in school children with obesity, compared with 0.8% to 3.2% among normal-weight peers; severe obesity confers a four-fold greater risk of hypertension [14]. Hypertension is strongly associated with high BMI and is also linked to hyperinsulinemia [88].

Dyslipidemia



Combined dyslipidemia, the dominant hyperlipidemic pattern in childhood, describes moderate to severe elevations in triglyceride and non-high-density lipoprotein cholesterol (non-HDL-C), with reduced HDL-C. In youth, combined dyslipidemia occurs almost exclusively with obesity and is seen in more than 50% of children with obesity and 30% to 60% of obese adolescents. The prevalence of combined dyslipidemia increases as obesity severity increases; its strong association with visceral adiposity, insulin resistance, NAFLD, and metabolic syndrome suggests an underlying, integrated pathophysiologic response to excessive fat mass [82,89].

Type 2 Diabetes



The prevalence of youth-onset type 2 diabetes has increased dramatically since 2000 (tripling in adolescents), a result of the significant increase in pediatric obesity and severe obesity [15]. Among 8,942 children with type 2 diabetes, 77% had obesity at type 2 diabetes diagnosis. Obesity was twice as likely in boys than in girls, highest in White Americans (89%), and lowest in Asians (64%), who are known to develop type 2 diabetes at lower BMI levels. Type 2 diabetes rates are higher in African American and Hispanic than in White children, but rates of obesity with type 2 diabetes are similar [90].
Hyperinsulinemia and glucose dysregulation are key features of pediatric obesity. Type 2 diabetes is preceded by a progressive decline in β-cell function and an increase in insulin resistance. When the insulin release can no longer compensate for the insulin resistance, type 2 diabetes occurs [81].
Type 2 diabetes is a significant comorbidity of childhood obesity and an aggressive disease in children. The ≥20% decline in β-cell function per annum, nearly double the rate in adult type 2 diabetes, can progress, sometimes rapidly, to diabetic complications of NAFLD, dyslipidemia, PMOS, and nephropathy [90]. Pediatric type 2 diabetes is also highly treatment-resistant; the odds of disease progression despite intervention are more than 50% [15].

Metabolic Syndrome



Metabolic syndrome, an adverse metabolic phenotype with hypertension, dyslipidemia, insulin resistance, and obesity, is directly linked to target organ damage, cardiovascular disease (CVD), and all-cause mortality in adults. Metabolic syndrome is increasingly common in children with obesity, with the same core elements as in adults [91]. The pathogenesis involves interactions between obesity, insulin resistance, and inflammation, along with hyperinsulinemia and oxidative stress [14,88].

Cardiovascular Disease



Childhood obesity is associated with several markers of subclinical atherosclerosis and changes in cardiac function [89]. Children with obesity show altered hemodynamics, including subclinical left ventricular diastolic dysfunction in all obesity classes and disturbed systolic functions in early stages of obesity. Successful treatment of obesity in childhood could reduce the adult incidence of CVD and mortality [14].

Nonalcoholic Fatty Liver Disease (NAFLD)



Pediatric liver disease, a severe and increasingly common complication of childhood obesity, is a spectrum of fatty liver or NAFLD (steatosis >5% without hepatocellular injury), steatohepatitis or non-alcoholic steatohepatitis (NASH) (>5% steatosis plus hepatocyte inflammation with cell injury and death), cirrhosis, and hepatocellular carcinoma [19].
In childhood obesity, insulin resistance promotes, and is exacerbated by, hepatic fat accumulation [19]. Hyperinsulinemia significantly contributes to steatosis [88]. NAFLD is now the leading pediatric chronic liver disease, with a prevalence of 7.4% overall and up to 52.5% in children with obesity [92].
In 237 children (mean age: 4 years) with severe obesity, 35% had elevated alanine aminotransferase (ALT) (>30 U/L) consistent with NAFLD, which may precede other obesity-related morbidities [211]. In 408 children (age 9 to 17 years) with obesity, NAFLD was more common in boys (33%) than girls (25%) [93].
Among children with NASH, 83% have a BMI ≥97th percentile. Nearly 25% of children with NAFLD have NASH, and 7% to 10% may develop cirrhosis and end-stage liver disease [14,94]. The disease course in childhood is more severe than in adults, and pediatric NAFLD imposes a long-term cardiometabolic burden with increased morbidity and mortality in early adulthood [92]. Hepatocellular carcinoma and cardiovascular complications are life-threatening comorbidities of both NAFLD and NASH [95].
The nomenclature of fatty liver disease was revised in 2024. Metabolic dysfunction-associated steatotic liver disease (MASLD) replaced NAFLD; metabolic dysfunction-associated steatohepatitis (MASH) replaced NASH [96]. With the recency of this change, the older terminology is almost exclusively used in obesity-related research. The use of these acronyms in the remainder of this course will mirror their use in the referenced literature.

Chronic Kidney Disease (CKD)



Childhood obesity is an increasing risk factor for CKD, a cardiometabolic comorbidity that develops from interactions between insulin resistance, obesity, and renal hemodynamics, leading to impaired kidney function and CKD [97]. Severe obesity, type 2 diabetes, and hypertension elevate the risk of CKD [89].

Polyendocrine Metabolic Ovarian Syndrome (PMOS)



Polyendocrine metabolic ovarian syndrome (PMOS), previously referred to as polycystic ovary syndrome (PCOS), is a complex endocrine-metabolic syndrome characterized by ovarian dysfunction and reproductive abnormalities associated with dysregulation of multiple endocrine and metabolic pathways, including androgen excess and insulin resistance, resulting in reproductive, metabolic, and potentially long-term cardiometabolic consequences. Adolescent females with obesity are at increased risk of PMOS [19,92].
The pathophysiology of PMOS is strongly tied to insulin resistance and overlaps with obesity and NAFLD. Hyperinsulinemia increases ovarian androgen production and decreases sex hormone-binding globulin thus increasing androgen bioavailability and impairs ovarian follicle development [88]. Obesity exacerbates hyperinsulinemia, inflammation, and adipokine dysregulation typical of PMOS and NAFLD; abnormal glucose metabolism is frequent in all three [92].
The free androgen index, which reflects free androgen levels, can biochemically assess hyperandrogenism in PMOS. In patients with PMOS, every 10% weight loss associated with 18% decrease in free androgen index; variation in body weight explained 90% of variation in free androgen index, showing a linear association between weight loss and improved free androgen index [98].


NONCARDIOMETABOLIC COMORBIDITIES



Obstructive Sleep Apnea



Obstructive sleep apnea is deeply intertwined with obesity and hypertension. Obesity is the primary driver of adolescent obstructive sleep apnea and hypertension. Obstructive sleep apnea impairs sleep, thus increasing food consumption and weight gain. Increased obstructive sleep apnea severity is also associated with more frequent and severe hypertension [99]. Neurocognitive deficits and excessive daytime sleepiness are common in obese children with obstructive sleep apnea. Obstructive sleep apnea is diagnosed with polysomnography [89]. Obesity hypoventilation syndrome may represent a long-term consequence of obstructive sleep apnea and is associated with a high mortality rate. Aggressive therapy is warranted for obese children with this syndrome [88].

Asthma



Obese children have a higher prevalence of asthma and asthma exacerbations. This link is mediated through inflammatory and oxidative stress, chest wall restriction with airway narrowing, and obesity-related morbidities such as obstructive sleep apnea and gastroesophageal reflux [88].

Idiopathic Intracranial Hypertension (IIH)



Idiopathic intracranial hypertension (IIH) is an uncommon disease of childhood and adolescence characterized by increased intracranial pressure without any identifiable cause. Nearly 50% of children who present with IIH are obese and are more symptomatic at onset. IIH presents with headache and may lead to severe visual impairment or blindness. The potential for visual impairment indicates the need for aggressive treatment of obesity in these patients [88].

Orthopedic Complications



Fractures, musculoskeletal discomfort, lower extremity malalignment such as Blount disease, and slipped capital femoral epiphyses are more common in children and adolescents with high BMI. Blount disease is a disorder of the proximal tibial growth plate, which results in progressive bowing of the tibia. Around 65% of Blount disease patients have obesity. Slipped capital femoral epiphysis occurs due to epiphyseal plate disruption and 30% to 50% of these patients have overweight/obesity [88].


PSYCHOSOCIAL IMPACT



Psychosocial consequences of childhood obesity are common and include alienation, distorted peer relationships, poor self-esteem, distorted body image, anxiety, depression, and disordered eating patterns. The risk of psychosocial morbidity increases with age and is greater among teenage females than males [89]. It remains unclear whether psychological morbidities are the cause or consequence of obesity, whether both originate from common susceptibility factors that promote weight gain and psychological disturbances, and/or are further aggravated by obesity-related stigmatization and bullying. Nonetheless, regular screening with early intervention is essential [100].


6. CLINICAL ASSESSMENT AND DIAGNOSIS



CLASSIFICATION AND DIAGNOSIS OF OBESITY SEVERITY



Pediatric weight classification uses CDC growth charts, with obesity defined as BMI at or above the 95th percentile relative to children and teens of the same age and sex. BMI greater than the 95th percentile is measured as BMI as a percentage of the 95th percentile, or %BMIp95 (Table 4) [22,101]. A child with a BMI exactly equal to the 95th percentile (for age and sex) would have a %BMIp95 of 100 [32].

Table 4: PEDIATRIC OBESITY SEVERITY CLASSIFICATION
	Category	Definition (as BMI Percentile for Age and Sex)
	Class 1 obesity	BMI 95th percentile to 119% of the 95th percentile (%BMIp95 1.0–1.19 times the
                95th percentile)
	Class 2 obesity	BMI 120–139% of the 95th percentile or BMI 35–39.9
                  kg/m2 (whichever is lower) (%BMIp95: 1.2–1.39 times the
                95th percentile)
	Class 3 obesity	BMI >140% of the 95th percentile or BMI ≥40 kg/m2
                (whichever is lower) (%BMIp95 ≥1.4 times the 95th percentile)


Source: [12,30,31,32]


BMI or weight changes are valid for short-term treatment response when height is stable, while BMI should be adjusted for tracking long-term changes when children's height is likely to increase [30]. One weight-loss metric in children is BMI z-score or standard deviation score (i.e., the degree of difference from the mean). However, z-scores are compressed into a narrow range by high BMI, and use is disfavored [31,102]. Absolute BMI, %BMIp95, change in %BMIp95, and BMI as a percentage of median BMI, are preferred treatment response measures [30].
As a threshold of severe obesity, BMI ≥35 is higher than BMI ≥120% of the 95th percentile in children, but somewhat lower in boys 18 years of age and older and girls 16 years of age and older (thus expanding the severe obesity population); assessments should consider age and BMI status [31].

EVALUATION OF OBESITY-RELATED COMPLICATIONS



Pediatric obesity substantially increases the risk of concurrent and later health consequences. Thus, a detailed history and physical examination is required to evaluate current obesity-related complications and future risk of morbidity, which are treated expediently [103]. A useful way to work through the clinical presentation is grouping common obesity-related complications into metabolic and non-metabolic (physical and psychosocial) complications [31].
Metabolic (endocrine and immune) complications include impaired fasting glucose, metabolic syndrome, hypertension, dyslipidemia, insulin resistance, type 2 diabetes, NAFLD, menstrual dysfunction, and early- or delayed-onset puberty [31]. Physical complications, attributed to excessive fat mass, include asthma, immobility, lipomastia, tissue compression (obstructive sleep apnea, GERD, hypertension), tissue friction (intertrigo), stress on weight bearing joints, slipped capital femoral epiphysis, Blount disease, scoliosis, and orthopedic disorders [31].
Psychosocial complications can impact quality of life, including isolation from peers, decreased ability to participate in normal childhood activities, victimization (bullying, emotional/physical abuse, or neglect), lack of age-appropriate relationships, anxiety, depression, binge eating disorder, night eating disorder, and bulimia [31].
Pathological or genetic causes of obesity are important to identify, as the treatment strategies are different [100]. With presence of "red flags" for monogenic obesity (Table 5), genetic testing should be offered, and the low probability of finding a genetic cause discussed with patients and their families to manage expectations. If a gene variant is reported, the functional impairment must be shown experimentally to cause the phenotype [41].

Table 5: RED FLAGS INDICATIVE OF MONOGENIC OBESITY
	Signs and symptoms	Suggestive Involved Gene
	Severe obesity, particularly before 5 years of age	Any monogenic obesity
	Rapid weight gain in the first two years of life
	Consanguinity of parents
	Hyperphagia
	Normal-weight parents
	Additive features or symptoms
	Short stature, red hair, adrenal insufficiency	
            POMC
          
	Hypogonadism or predisposition to infection	
            LEP, LEPR
          
	Intractable recurrent diarrhea	
            PCSK1
          
	Pituitary insufficiencies
	Adrenal insufficiencies	
            POMC, PCSK1X
          
	Hypothyroidism, hypogonadism, or growth hormone deficiency	
            LEP, LEPR
          
	Diabetes insipidus	
            PCSK1
          


Source: [41]


As children with obesity commonly present to primary care for problems other than obesity, specific symptoms secondary to obesity must be carefully assessed. Children may not complain of symptoms they have lived with for years and are not aware of what life is like without symptoms [31].
A comprehensive history, review of systems, physical examination, validated screening (e.g., depression), and targeted laboratory screening are recommended [104].

DETAILED HISTORY



Medical History and Medications



A comprehensive evaluation of a child or adolescent with obesity should begin with a detailed medical history, including relevant prenatal, birth, growth, developmental, medical, psychosocial, and medication histories [100,103]. The birth history should assess for maternal diabetes and whether the patient was large or small for gestational age. Growth history is also important, particularly early-onset obesity occurring before 5 years of age with hyperphagia, which may suggest monogenic obesity, and a history of failure to thrive during infancy, which may be associated with Prader-Willi syndrome. The history should also identify previous CNS injury or hypothalamic tumors that may contribute to weight gain or obesity.
The assessment should include screening for depression, anxiety, and attention-deficit/hyperactivity disorder (ADHD), as well as adverse childhood events and food insecurity, all of which may influence eating behaviors, physical activity, weight, and the ability to implement weight-management strategies. Current and previous medications should be reviewed for agents associated with weight gain or the development of obesity, including second-generation antipsychotic agents, corticosteroids, and other obesogenic medications.

Family History



The family history should assess for obesity and obesity-related conditions among first- and second-degree relatives [100,103]. Relevant conditions include type 2 diabetes, gestational diabetes, hypertension, fatty liver disease, dyslipidemia, other cardiovascular diseases, and PMOS. The evaluation should also explore a history of familial obesity, including weight-loss strategies previously attempted by family members, bariatric surgery, and associated obesity-related conditions.

Lifestyle Factors





Evidence Based Practice Recommendation

The Academy of Nutrition and Dietetics recommends a registered
            dietitian nutritionist assess the frequency of fastfood intake of overweight or obese
            children and adolescents. Limited evidence in populations 8 to 16 years of age at
            baseline suggests that higher frequency of fast-food consumption, particularly more than
            twice a week, is associated with increased adiposity, body mass index, or risk of
            obesity during childhood, adolescence, and the transition from adolescence into
            adulthood.
https://www.andeal.org/topic.cfm?menu=5296

             Last Accessed: September 30, 2026
Level of Evidence/Strength of Recommendation:
            Weak/Imperative (The recommendation is considered broadly applicable, but the
            quality of evidence that exists is suspect or well-done studies show little clear
            advantage to one approach versus another.)


Assessment of lifestyle factors should include a detailed review of dietary intake and eating behaviors [100,103]. This should address consumption of sugar-sweetened beverages and juice, habitual eating patterns, the locations where meals and snacks are consumed, the types of foods eaten, and typical portion sizes. Sedentary behaviors and physical activities should also be assessed, along with the patient's usual sleep routine. Previous and current strategies for weight loss should be discussed to identify approaches that have been attempted and potential barriers to successful weight management.

Review of Systems



The review of systems should evaluate for underlying conditions that may contribute to obesity and for potential obesity-related complications [100,103]. Developmental delays may be associated with genetic syndromes. Neurologic symptoms, including headache and visual disturbances, may suggest pseudotumor cerebri. Respiratory symptoms such as shortness of breath, with or without wheezing, may reflect physical deconditioning or asthma. Snoring, daytime lethargy, and early morning headache may indicate obstructive sleep apnea.
Sleep-related symptoms should be assessed carefully, including snoring, witnessed apnea, nocturnal enuresis, daytime sleepiness, and symptoms of ADHD, as these may be associated with sleep apnea or poor-quality sleep. Gastrointestinal symptoms, particularly abdominal pain, may be related to constipation, gallbladder disease, liver disease, or gastroesophageal reflux disease (GERD). Endocrine symptoms may include irregular menses, which may suggest PMOS; polyuria, polydipsia, and nocturia, which may indicate type 2 diabetes; and signs of hypogonadism, which may be associated with a genetic syndrome. Musculoskeletal symptoms such as hip pain, with or without a limp, should prompt consideration of slipped capital femoral epiphysis. Psychological symptoms and eating behaviors, including binge eating, rapid weight loss or weight cycling, purging, depression, and anxiety, should also be assessed.

Physical Examination



The physical examination should evaluate for obesity-related complications and findings that may suggest an underlying cause of obesity (Table 6) [6,100,103]. Blood pressure should be measured and interpreted using standards based on the patient's sex, age, and height. The examination should assess for dysmorphic features that may indicate a genetic syndrome and for papilledema, which may be associated with pseudotumor cerebri. Thyromegaly or goiter may suggest hypothyroidism.

Table 6: SCREENING AND ASSESSMENT OF OBESITY-RELATED CONDITIONS:SUMMARY OF PRACTICE RECOMMENDATIONS
	Comorbidity/Complication	Signs and Symptoms	Risk Factors	Screening Tests
	Metabolic
	Diabetes	Polyuria, polydipsia, unexpected weight loss, fatigue, new-onset enuresis; acanthosis nigricans, skin tags	Family history, maternal gestational diabetes, PMOS, hypertension, dyslipidemia, NAFLD, small for gestational age	Fasting plasma glucose (≥126 mg/dL), 2-h oral glucose tolerance test (≥200 mg/dL), or HbA1c (≥6.5%)a
	NAFLD	Often asymptomatic; jaundice in severe cases; hepatomegaly	Male sex, Hispanic or Asian race, obstructive sleep apnea, diabetes/prediabetes,
                  dyslipidemia	ALT; exclude other causes of transaminitis if ALT is ≥2 × upper limit of normal or ≥52 IU/L (males) and ≥44 IU/L (females) for ≥3 mo, or >80 IU/La
	Dyslipidemia	Often asymptomatic; xanthoma or xanthelasma with familial hypercholesterolemia	Family history of CVD, diabetes, hypertension, cigarette smoking	Fasting lipids, including total (≥170 mg/dL), LDL (≥110 mg/dL), and HDL (<45 mg/dL) cholesterol levels, and triglyceride level (≥90 mg/dL)a
	Hypertension	Often asymptomatic, headache, dizziness, blurry vision, nosebleeds with severely elevated blood pressure	Family history	Blood pressure ≥95th percentile (1 to 12 years of age) or ≥130/80 mm Hg (13 years of age or older)
	PMOS	Acne, hirsutism, alopecia, oligoamenorrhea or amenorrhea	Family history, insulin resistance	
            Total testosterone, free testosterone, SHBG
To rule out other causes of hyperandrogenism and ovarian dysfunction: 17-hydroxyprogesterone, androstenedione, DHEA sulfate, LH, FSH, estradiol, prolactin, free thyroxine, TSH, pregnancy testa


          
	Nonmetabolic
	Depression	Irritability, fatigue, insomnia, excessive sleeping, decline in academic performance, flat affect	Family history, bullying	PHQ-9
	obstructive sleep apnea	Snoring, apnea, fatigue, nocturnal enuresis, difficulty focusing/concentrating	Family history, adenotonsillar hypertrophy, allergic rhinitis	Polysomnogram with at least 1 symptom
	Idiopathic intracranial hypertension	Headache, nausea, vomiting, vision loss, diplopia, tinnitus, papilledema	N/A	Ophthalmological examination
	Slipped capital femoral epiphysis	Hip, groin, thigh, or knee pain; limp	N/A	Bilateral hip x-ray
	Blount disease	Painful genu varus (bow-legged) deformity	N/A	Leg x-ray
	
            aAppropriate for patients age ≥10 years.
ALT = alanine aminotransferase; CVD= cardiovascular disease; DHEA = dehydroepiandrosterone; FSH = follicle-stimulating hormone; HbA1c = glycated hemoglobin; HDL = high-density lipoprotein; LDL = low-density lipoprotein; LH = luteinizing hormone; NAFLD = non-alcoholic fatty liver disease; PMOS = polyendocrine metabolic ovarian syndrome; PHQ-9 = Patient Health Questionnaire 9; SHBG = sex hormone-binding globulin; TSH = thyroid-stimulating hormone


          


Source: [104]


Abdominal examination should assess for hepatomegaly, which may be associated with NAFLD, as well as abdominal pain following rapid weight loss, which may indicate gallstones. Examination of pubertal and reproductive development should include assessment for undescended testes or delayed puberty, which may suggest hypogonadism or an underlying genetic disorder.
The musculoskeletal examination should evaluate for bowed legs, which may be associated with Blount disease, and for a limp, which may indicate slipped capital femoral epiphysis. Skin findings may include acanthosis nigricans, a marker of insulin resistance, and hirsutism, severe acne, or both, which may suggest PMOS. Finally, overall mood and affect should be evaluated. A flat affect, chronic fatigue, and sleep problems may be associated with depression.


EVALUATE FOR COMORBIDITIES: DIAGNOSTIC STUDIES AND LABS



Concerning findings from a history and physical will lead to further examinations. In early-onset severe obesity and signs of hyperphagia, measure serum leptin level to rule out congenital leptin deficiency. In patients with normal or high leptin levels, genetic testing for monogenetic obesity is indicated. In patients with intellectual disability, syndromic disease may be present. Signs of impaired growth velocity or history of CNS trauma or surgery will result in deeper endocrine evaluation and/or brain MRI. Liver imaging is performed if liver function tests (ALT and AST) are high. Finally, many children with obesity have vitamin D deficiency, detected with a 25-hydroxy (25 OH) vitamin D test [6,31].


7. TREATMENT OF PEDIATRIC OBESITY



Severe obesity in childhood is a life-threatening and life-shortening disease, leading to a multitude of other diseases. The development of obesity at an increasingly early age has shifted the onset of obesity-related diseases, most notably type 2 diabetes, toward childhood. Pediatric-onset type 2 diabetes is markedly more aggressive, and obesity increases cardiovascular risk factors in childhood, leading to a poor prognosis in this group with limited effective therapeutic options available [13].
Adolescents with obesity are at increased risk for more than 200 comorbidities. Psychological consequences of pediatric obesity can be equally disabling and persist into adulthood in lower rates of marriage, income, advanced education, and overall life satisfaction [12].
Therefore, the 2023 American Academy of Pediatrics (AAP) guideline breaks from the "watch and wait" recommendation of previous guidelines published in 2007, stressing that treatment of obesity should be initiated immediately upon diagnosis, as intensively as possible, utilizing, as appropriate, lifestyle modification therapy, anti-obesity medication, and/or metabolic and bariatric surgery [18,54,105,106,107]. Most importantly, uncertainty over the obesity epidemics' cause has little bearing on the effectiveness of interventions [108].
LIFESTYLE MODIFICATION THERAPY



Lifestyle modification therapy broadly refers to dietary, physical activity, and/or behavioral therapy delivered as single or multicomponent interventions to improve weight status and reduce comorbidities in youth with obesity [17,109]. As first-line treatment of obesity in children 6 years of age or older, the U.S. Preventive Services Task Force and the AAP specifically recommend comprehensive multidisciplinary behavioral interventions, termed intensive lifestyle modification therapy, which require at least 26 face-to-face contact hours over 3 to 12 months for optimal weight benefit [11,110]. Clinicians are recommended to provide or refer children to intensive lifestyle modification therapy.
However, feasibility studies in real-world, clinical settings indicate that delivery of this many hours of treatment by pediatric providers is clearly unrealistic [30]. A pediatrician calculated that providing all 1,396 intensive lifestyle modification therapy-eligible patients in her practice with 26 (the minimum) visits over one year (the maximum) would require 36,296 annual appointments and triple the current staff, space, and administrative support (assuming trained clinicians could be found). Extrapolation to 7.4 million eligible children with obesity in the United States yields 193 million annual visits requiring more than 100,000 clinicians [111].
Furthermore, despite the extensive investment in time and resources, any weight improvement is usually short-lived, and intensive lifestyle modification therapy seldom provides clinically significant and durable weight loss [28,54,106,107]. A Cochrane review evaluated 70 randomized controlled trials of lifestyle modification therapy in children 6 to 11 years of age with obesity. At longest follow-up, the mean difference between lifestyle modification therapy vs usual care or no treatment was -0.06 units in BMI z score, -0.53 kg/m2 in BMI, and -1.45 kg in weight; all three mean differences were statistically significant but clinically negligible [109].
Nonetheless, lifestyle modification therapy/intensive lifestyle modification therapy improves overall health regardless of effects on BMI [102]. Intensive lifestyle modification therapy is not a specific treatment for obesity; all children should be counseled to consume a healthy diet and pursue activities that increase cardiorespiratory fitness. Intensive lifestyle modification therapy is used with all obesity-specific interventions and tailored to address disease severity for each patient. These data are discussed openly with the patient and caretakers to make informed decisions [19].

METABOLIC AND BARIATRIC SURGERY



Modern, laparoscopically performed metabolic and bariatric surgery options were introduced with laparoscopic adjustable gastric band (LAGB) in 1993, followed by Roux-en Y gastric bypass (RYGB) and sleeve gastrectomy (SG) in the early 2000s [12]. Metabolic and bariatric surgery procedures in adolescents have risen since 2000, with an exponential increase reported in Europe and Western Asia [112]. In 2018, the American Society of Metabolic and Bariatric Surgery established eligibility criteria for pediatric metabolic and bariatric surgery [20].
Clinical Practice Guidelines and Recommendations



Several organizations have established clinical practice guidelines and recommendations related to the use of metabolic and bariatric surgery for the treatment of obesity in pediatric patients (Table 7).

Table 7: PRACTICE RECOMMENDATIONS AND CONSENSUS STATEMENTS IN PEDIATRIC METABOLIC AND BARIATRIC SURGERY
	American Academy of Pediatrics
	Patients age ≥13 years with class ≥2 obesity should be referred for metabolic and bariatric surgery evaluation.
	ASMBS
	
            Indications for adolescent metabolic and bariatric surgery including class 2
                    obesity with a comorbidity or class 3 obesity. Surgery readiness should not be
                    determined using Tanner stage and linear growth. The WHO defines adolescence as
                    10 to 19 years of age; younger children could be considered when benefit
                    outweighs risk.

            Contraindications
            
	A medically correctable cause of obesity
	Ongoing substance abuse
	Medical, neuropsychiatric, or psychosocial condition that prevents adherence to postoperative diet/medication regimens
	Current or planned pregnancy within 12 to 18 months of metabolic and bariatric surgery



          
	International Federation for the Surgery of Obesity and Metabolic Disorders
                  (IFSO)
	
            Consensus Statements
            
	Metabolic and bariatric surgery is a reasonable option for patients with class 1 obesity and type 2 diabetes.
	Metabolic and bariatric surgery is generally suitable for: (a) class 1 obesity and type 2 diabetes poorly controlled nonsurgically; and (b) class ≥2 obesity.
	SG is preferred to RYGB as first-line metabolic and bariatric surgery for most patients.
	Metabolic and bariatric surgery should be considered for pediatric syndromic obesity patients with: (a) class 2 obesity and clinically significant comorbidity, or (b) class 3 obesity without significant complications.



            Disagreement in Panel

                  SG should not be used in young patients because the procedure is
                      irreversible.
No Consensus
Hypoabsorptive metabolic and bariatric surgery (associated with higher
                      malnutrition risk)
ESG in patients age 12 with class 1 obesity


          
	Expert Delphi Consensus
	
            Consensus Statements

                  Metabolic and bariatric surgery is an option for class 2 obesity,
                      regardless of symptom presence, absence, or severity after failure of
                      conservative treatment.
Metabolic and bariatric surgery is recommended in patients with type 2
                      diabetes and class ≥1 obesity.


            No Consensus

            Metabolic and bariatric surgery should be considered in patients with class 1 obesity, who do not achieve substantial or durable weight loss or comorbidity improvement nonsurgically

          
	ESG = endoscopic sleeve gastroplasty; RYGB = Roux-en Y gastric bypass; SG = sleeve gastrectomy; WHO = World Health Organization.


Source: [11,20,113,114,115]


American Academy of Pediatrics (AAP)
In 2023, the AAP published their first clinical practice guideline on the evaluation and treatment of pediatric obesity. Patients 13 years of age or older with severe obesity should be referred to multidisciplinary pediatric bariatric surgery centers for metabolic and bariatric surgery evaluation. However, the AAP also states that age should not be the sole determinant of eligibility for metabolic and bariatric surgery [11].
American Society of Metabolic and Bariatric Surgery (ASMBS)
Metabolic and bariatric surgery should be considered for children and adolescents with obesity and a major co-morbidity, or severe obesity, after evaluation in a multidisciplinary specialty center [113]. Given the lifelong, cumulative impact of untreated obesity, the ASMBS suggests that all children with severe obesity be referred for surgical evaluation, regardless of physiologic maturity as measured by linear growth or tanner stage [12].
International Federation for the Surgery of Obesity and Metabolic Disorders (IFSO)
A survey of international experts in obesity management identified areas of consensus and non-consensus on metabolic and bariatric surgery in pediatric patients [114].
Expert Delphi Consensus
Following the 2023 metabolic and bariatric surgery guideline by ASMBS, an international panel of metabolic and bariatric surgery experts established consensus guidelines for selection of metabolic and bariatric surgery appropriate for Class I and II obesity [115].

Landmark Studies



Several landmark prospective and long-term studies support the efficacy and relative safety of metabolic and bariatric surgery for adolescents with severe obesity. The major studies, including Teen-LABS, FABS-5+, AMOS, AMOS-2, and the PCORnet Bariatric Study, demonstrate substantial and generally durable weight loss, marked improvement or remission of obesity-related comorbidities, and improvements in weight-related quality of life following Roux-en-Y gastric bypass (RYGB) and sleeve gastrectomy (SG). These studies have followed patients for up to 10 years or longer and have contributed to recommendations supporting expanded use of metabolic and bariatric surgery in appropriately selected adolescents [116].
In Teen-LABS, 242 adolescents with severe obesity were followed for up to 10 years after RYGB, SG, or laparoscopic adjustable gastric banding (LAGB) [117,118,119]. At three years, mean weight and BMI loss were similar with RYGB (28%) and SG (26%), and 26% of patients were no longer obese. At five years, modest weight regain had occurred, but substantial BMI reduction was maintained [119,120]. Both procedures also resulted in high rates of remission of type 2 diabetes, prediabetes, renal dysfunction, hypertension, and dyslipidemia. Weight-related quality of life improved significantly; however, nutritional deficiencies were common, particularly following RYGB, underscoring the importance of long-term nutritional monitoring and adherence to vitamin and mineral supplementation [119,120].
Long-term Teen-LABS analyses suggest that age alone should not preclude surgery. Adolescents undergoing RYGB or SG at 13 to 15 years of age had weight loss, remission of hypertension and dyslipidemia, nutritional outcomes, and quality-of-life improvements generally comparable to those treated at 16 to 19 years of age. Although type 2 diabetes remission was statistically greater among older adolescents, remission rates were high in both groups [22]. Similarly, compared with adults with juvenile-onset obesity undergoing RYGB, adolescents achieved comparable five-year weight loss but had significantly greater remission of type 2 diabetes and hypertension, suggesting greater potential for reversal of some obesity-related complications when treatment occurs during adolescence [121].
LAGB has demonstrated substantially less favorable long-term outcomes. In the small Teen-LABS cohort followed for up to 10 years, initial BMI reduction was followed by progressive weight regain, with average BMI exceeding baseline by year 10. LAGB had little long-term effect on weight loss, cardiometabolic risk factors, or micronutrient deficiencies, and initial improvements in weight-related quality of life returned to baseline with weight regain [117].
The FABS-5+ study further demonstrated the durability, but also variability, of long-term outcomes after RYGB. Approximately eight years after surgery, mean BMI reduction remained nearly 30%, compared with BMI gain among nonsurgical controls; however, 64% of surgical patients remained severely obese, and weight regain varied substantially [23,24]. Patients who maintained their initial weight loss had substantially better long-term BMI outcomes than those who regained weight. Type 2 diabetes, dyslipidemia, and hypertension declined markedly, but residual obesity remained strongly associated with cardiometabolic risk. Higher baseline BMI predicted higher long-term BMI, suggesting a potential advantage to considering surgery before severe obesity progresses further. The authors noted that earlier intervention during the accumulation of excess weight may permit more complete reversal of severe obesity and cardiometabolic risk [23]. Nutritional abnormalities, including mild anemia, hyperparathyroidism, and low vitamin B12 levels, were also common and support the need for continued long-term follow-up [23,24].
The Swedish AMOS study similarly found that adolescents undergoing RYGB achieved substantial five-year weight loss and significantly greater improvement in cardiometabolic risk factors than those receiving lifestyle modification therapy. RYGB resulted in major reductions in glucose dysregulation, dyslipidemia, hypertension, inflammation, and elevated liver enzymes, while quality of life and physical functioning generally improved. However, nutritional deficiencies remained frequent despite prescribed supplementation, and not all aspects of quality of life improved. Additional procedures, particularly those related to internal herniation and gallstones, also occurred, although subsequent advances in surgical techniques may reduce these risks [13].
AMOS-2 provided rare randomized evidence comparing RYGB with intensive lifestyle modification therapy. At two years, RYGB produced a mean BMI reduction of 29.3%, compared with essentially no sustained BMI reduction with intensive lifestyle therapy, despite the latter being more intensive than standard care [122]. RYGB also resulted in greater improvement in cardiovascular risk factors, uncontrolled eating, binge eating, physical functioning, and general health-related quality of life. Reduced bone mineral density was observed following RYGB, although nutritional markers and gastrointestinal symptoms did not differ between groups, and adverse events were few and generally mild [122].
As SG has become the predominant metabolic and bariatric procedure performed in U.S. adolescents, comparative evidence has become increasingly important. The PCORnet Bariatric Study of 544 adolescents found substantial BMI reductions after both RYGB and SG, whereas LAGB produced considerably less weight loss and showed no evidence of a meaningful long-term role in adolescent obesity treatment [123]. Although differences between RYGB and SG were not statistically significant at three years, RYGB produced somewhat greater BMI reduction and a higher proportion of patients achieving greater than 30% BMI loss. SG maintained substantial weight loss through five years but demonstrated gradual weight regain. SG may have lower risks of some nutritional deficiencies and complications, but its irreversibility and the possibility that RYGB may be more effective for patients with more severe obesity should be considered when selecting a procedure [123].
Single-institution and longer-term studies extend these findings. A Miami clinic study of patients evaluated approximately 14 years after adolescent bariatric surgery found sustained median weight loss of approximately 31%, with major reductions in obesity-related comorbidities. However, anemia was highly prevalent, and poor adherence to recommended supplementation was common, reinforcing the importance of lifelong nutritional surveillance [25].
Long-term SG data from the King Saud University cohort provide evidence in younger children as well as adolescents. Among more than 2,500 pediatric patients with extended follow-up, SG produced durable weight loss, substantial remission of type 2 diabetes, dyslipidemia, and hypertension, and no significant adverse effect on growth trajectory through as long as 10 years of follow-up. Adverse events were uncommon, and no procedure-related mortality was reported [26,124].
Emerging evidence also supports the safety and effectiveness of metabolic and bariatric surgery in selected preteens. Studies of patients younger than 13 years have reported substantial postoperative BMI reduction, improvement in metabolic comorbidities, and low rates of short-term complications when procedures are performed at specialized centers [125,126]. Additional data identify factors associated with increased postoperative risk, including chronic corticosteroid use and a history of GERD, highlighting the importance of individualized preoperative risk assessment [127]. Overall, these findings suggest that chronological age alone may not be an appropriate determinant of surgical eligibility when severe obesity and appropriate medical indications are present.


PHARMACOTHERAPY OPTIONS FOR PEDIATRIC OBESITY



Among recommended treatment options, lifestyle modification therapy alone seldom provides significant, durable weight loss. metabolic and bariatric surgery shows the greatest, most durable decreases in BMI and obesity comorbidities, but is invasive, may be unattractive or unavailable to many patients, and is not a scalable solution for pediatric obesity. However, anti-obesity medications are promising adjuncts. Compared with lifestyle modification therapy alone, these medications lead to greater BMI decrease, weight loss maintenance, and lifestyle modification therapy adherence. Anti-obesity medication combinations are considered for inadequate response to lifestyle modification therapy plus pharmacotherapy, consistent with recommendations for other chronic diseases like type 2 diabetes [54,105,106,107].
Pharmacotherapy Principles in Pediatric Obesity





Evidence Based Practice Recommendation

The European Society of Endocrinology and the Pediatric Endocrine
            Society suggest that FDA-approved pharmacotherapy for obesity be administered to
            children and/or adolescents only with a concomitant lifestyle modification program of
            the highest intensity available and only by clinicians who are experienced in the use of
            anti-obesity agents and are aware of the potential for adverse reactions.
https://academic.oup.com/jcem/article/102/3/709/2965084

             Last Accessed: September 30, 2026
Level of Evidence/Strength of Recommendation:
            2|⊕○○○ (Suggestion based on very-low-quality evidence)


The history, physical, and laboratory screening lay the groundwork for pharmacotherapy selection based on presenting symptoms and co-occurring diseases. From there, a three-tiered approach is beneficial for clinicians: review of existing pharmacotherapy to identify weight-promoting medications, treatment of comorbid disorders, and initiation of pharmacotherapy [15,16,19,128,129].
Clinicians should review past and present medications for weight-promoting medications, which can be the primary cause of obesity; second-generation antipsychotic drugs require particular attention. Adding a medication to mitigate weight-promoting medication effects may be considered.
Children with obesity frequently present with obesity-related diseases that can be treated using medications that both promote weight loss and address the specific co-occurring disorder. Attention-deficit hyperactivity disorder (ADHD) and binge eating disorder (BED) are prominent examples.
All pediatric obesity phenotypes benefit from an anti-obesity medication trial. Newer glucagon-like peptide-1 receptor agonists (GLP-1RA) are safe and effective. However, given the pathophysiologic complexity of pediatric obesity and variable responses to all obesity therapies, multiple mechanisms of action by combining anti-obesity medications can be needed to improve outcomes, even GLP-1RAs. There are no standard discontinuation rules for pharmacotherapy, but if BMI has not decreased after three to four months on full-dose or if troublesome adverse effects persist, most clinicians switch to an alternative agent.
This approach allows the clinician to fully assess disease status and formulate a comprehensive treatment strategy which may require combinations of anti-obesity medications and weight-mitigating medications [15,16].
Importantly, this area of study is rapidly evolving with new, practice-changing findings. For example, semaglutide (a GLP-1RA) recently demonstrated the least heterogeneity (i.e., greatest uniformity) in treatment response of any pediatric obesity therapy [18,130].
This section will discuss pharmacotherapies, including anti-obesity medications with pediatric and adult approval and medications approved for comorbidities (Table 8), clinically used in children and adolescents with obesity to target the chronic disease of obesity by decreasing adiposity, to improve weight and metabolic health in comorbidities (e.g., metformin in PMOS), to mitigate weight-promoting medication effects (metformin and topiramate), and to simultaneously treat ADHD and/or BED in pediatric obesity (lisdexamfetamine). Monotherapy, combination therapy, and off-label prescribing will be examined.

Table 8: PROTOCOL FOR FDA-APPROVED AND OFF-LABEL MEDICATIONS IN PEDIATRIC OBESITY
	Medication	FDA approval	Consider for patients with obesity and:
	Setmelanotide (Imcivree)	AOM age ≥6	Monogenic or syndromic obesity
	Semaglutide 2.4 mg (Wegovy)	AOM age ≥12	
            Type 2 diabetes
Insulin resistance
Poor satiety
Food cravings
NAFLD


          
	Liraglutide 3 mg (Saxenda)
	Phentermine/topiramate ER (Qsymia)	AOM age ≥12	Strong hunger
	Orlistat (Xenical)	AOM age ≥12	Constipation
	Phentermine (generic, Adipex)	AOM age >16	Strong hunger or poor satiety
	Tirzepatide (Zepbound)	AOM age ≥18	Type 2 diabetes
	Naltrexone/bupropion ER (Contrave)	AOM age ≥18	
            Strong hunger
Depression


          
	Topiramate (generic)	
            Seizures age ≥2
Migraine prophylaxis age ≥12


          	
            Poor satiety
Food cravings
Binge eating
Second-generation antipsychotic weight gain but NO insulin resistance/prediabetes
Migraine
Night eating
Mood lability

                Consider for seizures in consultation with neurologist
              


          
	
            Lisdexamfetamine
(generic, Vyvanse)


          	
            ADHD age ≥6
BED age ≥18


          	
            ADHD
Impulsivity or impulsive eating
Binge eating/BED

                If patient does not have diagnosed ADHD, consider using diagnostic code of "impulsive."
              

                Consider adding topiramate if patient's weight loss has plateaued.
              


          
	Metformin (generic, Glucophage)	Type 2 diabetes age ≥10	
            Weight gain due to second-generation antipsychotic
PMOS
Prediabetes
Type 2 diabetes


          
	ADHD = attention-deficit hyperactivity disorder; AOM = anti-obesity medication; BED = binge eating disorder; LDL = low-density lipoprotein; OTC = over-the-counter; PMOS = polyendocrine metabolic ovarian syndrome.


Source: [107,129]


In the studies, all pediatric participants received lifestyle modification therapy plus active drug, or placebo when randomized to the control arm of a randomized controlled trial. In placebo-controlled trials, placebo-subtracted or -corrected change in BMI or weight refers to the difference in treatment effect between the active drug and placebo [130].


ANTI-OBESITY MEDICATION FOR GENETIC PEDIATRIC OBESITY



Monogenic obesities and syndromic obesities involve gene defects in the leptin-melanocortin pathway that cause early-onset obesity and hyperphagia [131]. Among 1,230 patients with obesity, 3.9% had molecularly confirmed genetic obesity; 5.4% had highly suspected genetic obesity with obesity gene variants plus at least two of the following: early-onset obesity, hyperphagia, autism spectrum disorder, intellectual deficit, striking weight differences in family members, congenital abnormalities, or dysmorphic features [131,132].
Genetic obesity disorders, formerly considered very rare, were identified in 9.3% of this large sample. Few genetic causes meet criteria for setmelanotide treatment, but anti-obesity medications approved in polygenic obesity may effectively treat these patients [19,133].
Setmelanotide



Setmelanotide is approved for chronic weight management in all patients 6 years of age or older with monogenic obesity or syndromic obesity due to POMC, PCSK1, or LEPR deficiency; or Bardet-Biedl syndrome [134].
Setmelanotide can be used for patients with variants in POMC, PCSK1, LEPR, or Bardet-Biedl syndrome genes considered pathogenic, likely pathogenic, or of uncertain significance, but is not indicated in other causes of obesity, polygenic obesity (i.e., common obesity) or benign variants of the gene mutations [16].
Setmelanotide, a melanocortin 4 receptor (MC4R) agonist, stimulates the leptin-melanocortin pathway upstream of the genetic defect that causes disruption in this pathway; the reestablished MC4R activity restores satiety signaling, reducing hyperphagia and decreasing weight [16,134]. Over 52 weeks, setmelanotide led to median weight loss of 26.7% (in POMC or PCSK1) and 9.8% (in LEPR), and BMI loss of 8.8% (in Bardet-Biedl syndrome) [134].
Adverse effects are most commonly skin hyperpigmentation, injection site reactions, nausea, headache, diarrhea, abdominal pain, vomiting, depression, and spontaneous erections in men [16].
Hypothalamic obesity may affect melanocortin signaling. Setmelanotide (3 mg) in 18 teens with hypothalamic obesity (mean BMI: 38 kg/m2) decreased BMI 15% after 16 weeks, and by 26% in 12 patients who completed ≥52 weeks of treatment. adverse effects were consistent with other trials. Setmelanotide efficacy in hypothalamic obesity is supported [135].
Setmelanotide is administered by subcutaneous injection once-daily starting at 1 mg (6 to 11 years of age) or 2 mg (12 years of age or older) with a target dose of 3 mg daily [134].

Metreleptin



Metreleptin is a recombinant human leptin analog, approved for lipodystrophy in 2014 and used for congenital leptin deficiency. Metreleptin may be used in patients with dysfunctional LEP gene variants, which impair leptin receptor binding. Although effective and safe in multiple pediatric studies, antibodies against metreleptin can develop that reduce efficacy. To ensure tailored treatment for leptin deficiency, it is advised to categorize leptin variants based on molecular and functional characteristics [105].
Metreleptin is administered subcutaneously once-daily, starting at 0.06 mg/kg (in patients ≤40 kg), 2.5-mg in men >40 kg and 5-mg in women >40 kg [136].

Liraglutide and Naltrexone/Bupropion



A 16-week trial evaluated the effects of liraglutide and naltrexone/bupropion in patients with melanocortin-4 receptor pathway-related genetic obesity and hypothalamic obesity syndrome-related genetic obesity. The study included 29 patients with melanocortin-4 receptor pathway-related genetic obesity (mean age: 23 years; mean BMI: 42 kg/m2) and 81 patients with hypothalamic obesity syndrome-related genetic obesity (mean age: 34 years; mean BMI: 44 kg/m2), with a mean age of obesity onset of 6 years in both groups [131]. Liraglutide produced median weight reductions of 4.7% in patients with melanocortin-4 receptor pathway-related genetic obesity and 5.2% in those with hypothalamic obesity syndrome-related genetic obesity and improved appetite, fat mass, fasting glucose, and HbA1c in both groups. Among patients with hypothalamic obesity syndrome-related genetic obesity, liraglutide also improved eating behaviors and quality-of-life domains. Naltrexone/bupropion produced median weight reductions of 5.2% and 4.4% in the melanocortin-4 receptor pathway-related genetic obesity and hypothalamic obesity syndrome-related genetic obesity groups, respectively, and significantly reduced appetite, fat mass, and waist circumference in both groups. Obesity-related comorbidities also improved in significant proportions of patients treated with either liraglutide or naltrexone/bupropion [131].
Both medications were associated with gastrointestinal adverse effects, including nausea, constipation, diarrhea, and dyspepsia. However, naltrexone/bupropion was associated with higher rates of headache (24% vs 8%), dizziness (19% vs 5%), and discontinuation because of adverse effects (14.6% vs 6%) compared with liraglutide [131]. These findings suggest that patients with a clinical phenotype of genetic obesity, with or without a definitive genetic diagnosis, may benefit from access to a broader range of treatment options when FDA-approved therapies are ineffective, unavailable, or poorly tolerated. The short-term improvements in appetite and weight observed with liraglutide and naltrexone/bupropion are therefore encouraging [131]. In addition, a recent review concluded that semaglutide and retatrutide, which remains in late-stage clinical trials, may have the potential to prevent progression of metabolic abnormalities and improve outcomes in patients with rare and severe forms of obesity [137].

Liraglutide



A 52-week randomized controlled trial examined liraglutide (3.0 mg) in 31 adolescents and 24 children with Prader-Willi syndrome and obesity. Neither age group showed significant differences in BMI vs placebo at weeks 16 and 52. Changes in other weight-related parameters were nonsignificant. Liraglutide seems ineffective in Prader-Willi syndrome [138].


ANTI-OBESITY MEDICATIONS FOR POLYGENIC ("COMMON") PEDIATRIC OBESITY



Pediatric anti-obesity medications have become progressively more effective, allowing demarcation by clinical introduction as first-generation (metformin, phentermine, lorcaserin, sibutramine, orlistat, topiramate, exenatide), transition-era (liraglutide), and second-generation (phentermine/topiramate, semaglutide) agents [105].
GLP-1 Receptor Agonists



GLP-1RAs were first developed and approved for type 2 diabetes treatment with exenatide in 2005, followed by liraglutide (2009), lixisenatide, albiglutide, and dulaglutide (2013–14), semaglutide (2017), and tirzepatide (2022) [139]. Unexpected weight loss in adult type 2 diabetes patients was confirmed in clinical trials, leading to FDA-approvals as long-term obesity treatment for liraglutide and semaglutide (in 12 years of age and older), and tirzepatide (18 years or older, pediatric trials in progress) [140,141].
Endogenous glucagon-like peptide 1 (GLP-1) is an incretin hormone with multifactorial direct and indirect effects on energy and glucose metabolism. GLP-1 promotes insulin secretion from pancreatic β-cells and reduces glucagon secretion from pancreatic β-cells, improving insulin sensitivity and suppressing hepatic glucose production. GLP-1 also inhibits postprandial gastric emptying and duodenal peristalsis, thereby reducing appetite and food intake [142].
GLP-1RAs are mimetics of GLP-1, chemically modified to resist breakdown by dipeptidyl peptidase-4 for longer half-life than endogenous GLP-1. GLP-1RAs primarily act on hypothalamic GLP-1 receptors to reduce appetite, delay gastric emptying, and prolong satiety, and on mid-brain receptors to decrease reward-driven eating behaviors. GLP-1RA's peripheral and CNS actions decrease energy intake and promote weight loss in polygenic obesity and monogenic obesities involving MC4R mutation [142,143].
Second-generation GLP-1RAs have greater weight loss efficacy than liraglutide and a longer half-life permitting weekly instead of daily dosing [144]. Although speculative, the molecular configuration of semaglutide may mediate its substantial anti-obesity effect by facilitating greater brain penetration and interaction with GLP-1R [139,145].
The success of semaglutide sparked the development of new GLP-1RA-based molecular entities that combine GLP-1RA with activity at other incretin receptors, such as glucose-dependent insulinotropic polypeptide (GIP) and/or glucagon [146].
Tirzepatide is a dual GLP-1R and GIP-R agonist. GIP regulates energy balance through cell-surface signaling in adipose and brain tissue. This dual receptor activation synergistically promotes greater weight loss and glycemic control, and in theory decreases side effects [16]. Retatrutide, an anti-obesity medication in phase III trials, goes even further as a triple GLP-1, GIP, and glucagon receptor agonist. In obese adults, retatrutide (12mg) led to an impressive 24.2% average weight loss after 48 weeks [147].
GLP-1RAs are administered subcutaneously once-daily (liraglutide) or once-weekly (semaglutide, tirzepatide) [142]. All GLP-1RA trials randomized patients to lifestyle modification therapy plus active (drug) or inert (placebo) subcutaneous injections.
Liraglutide (3-mg) Efficacy
In 251 teens with obesity (mean age: 14.5 years, mean BMI: 35.5 kg/m2), from baseline to 56 weeks, liraglutide was superior to placebo in BMI change (-4.64% vs 0%), subjects with BMI loss ≥5% (43.3% vs 18.7%) and ≥10% (26% vs 8%). Changes in glycemic and cardiometabolic variables or in weight-related quality of life did not substantially differ between groups [148]. Early response to liraglutide (i.e., weight or BMI reduction ≥4% after 12 weeks) predicted greater weight loss at week 56 compared with early non-responders [149].
These results in adolescents were recently replicated in 82 children 6 to 11 years of age with obesity. From baseline to 56 weeks, liraglutide was superior to placebo in BMI change (-5.8% vs +1.6%, a difference of -7.4%), weight change (+1.6% vs +10%), and BMI decrease ≥5% (46% vs 9%). Liraglutide (vs placebo) led to more frequent GI adverse effects (80% vs 54%) and similar serious adverse effects (12% vs 8%) [150]. These findings that liraglutide was effective and generally tolerated in children with obesity over 56 weeks are important because no anti-obesity medication is currently approved for polygenic obesity in children younger than 12 years of age [150].
In a 2023 meta-analysis, liraglutide modestly reduced mean weight (-2.13 kg) and BMI (-1.56) over placebo, improved fasting plasma glucose, and HbA1c control in type 2 diabetes, did not differ from placebo in fasting serum insulin, lipids, or blood pressure [151].
A "real-world" efficacy study of liraglutide is noteworthy: 10 of 22 patients (mean age: 15 years, mean BMI: 41 kg/m2) stopped liraglutide due to GI adverse effects; those completing the 72-week study showed no statistically significant changes in weight parameters from baseline. High dropout from adverse effects was a significant drawback, suggesting poor tolerability which may impact liraglutide effectiveness in adolescent obesity [152].
Semaglutide (2.4-mg) Efficacy
The landmark STEP Teens trial randomized 201 adolescents 12 to 17 years of age (mean BMI: 37 kg/m2) to semaglutide or placebo for 68 weeks [130]. Semaglutide (vs placebo) led to superior change in BMI (-16.1% vs +0.6%), weight (-16.3% vs +2.6%), and subjects with weight loss ≥10% (62% vs 8%), ≥15% (53% vs 5%), and ≥20% (37% vs 3%). The primary endpoint, BMI change, showed a treatment effect of -16.7%.
Semaglutide (vs placebo) significantly decreased cardiometabolic risk factors of HbA1c (–0.4% vs –0.1%), total C (–8.3% vs –1.3%), LDL-C (–10.2% vs –3.4%), triglyceride (–28.4% vs +2.6%), and ALT (–18.3% vs –4.9%).
Semaglutide (vs placebo) led to greater GI adverse effects (62% vs 42%) and cholelithiasis (4% vs 0%), similar dropout from adverse effects (5% vs 4%) and serious adverse effects (11% vs 9%), and fewer psychiatric adverse effects (7% vs 15%) [130]. Of note, semaglutide was equally or more effective in this trial than shown in adults [16,153].
Also examined was how BMI decrease from baseline to week 68 translated to changes in BMI category (e.g., normal-weight, overweight [BMI <30 kg/m2], and obesity class 1–3) [154]. Semaglutide (vs placebo) was superior in reducing BMI by ≥1 category (74% vs 19%), by ≥2 categories (44.9% vs 3.4%), and below obesity threshold (45% vs 12%). Subjects in obesity class 3 decreased on semaglutide (37.3% to 13.6%) but increased on placebo (19% to 22.4%).
Subjects with BMI decrease ≥2 categories in obesity class 1 (57%), obesity class 2 (51.4%), and obesity class 3 (29.5%), were greater in those with less severe obesity. Those decreasing ≥2 categories (vs <2) showed greater improvement across all evaluated parameters (ALT, LDL-C, triglycerides, waist circumference, blood pressure) except HbA1c.
Semaglutide decreased weight and BMI across the obesity spectrum, regardless of participant factors. Almost half (45%) were no longer obese, which can potentially change the natural history of obesity and its complications [154,155].
Tirzepatide Efficacy
Tirzepatide is approved for obesity in patients 18 years of age and older. In the pivotal SURMOUNT-1 trial, tirzepatide 15-mg led to mean weight loss of 21% and weight loss ≥25% in 36% of subjects [156,157].
Comparative Efficacy
A meta-analysis compared GLP-1RAs in pediatric obesity. Against placebo, semaglutide exhibited significantly greater weight, BMI, and BMI z-score reductions; exenatide showed notable weight loss; dulaglutide was more effective in A1c reduction; and liraglutide led to lower fasting glucose. Semaglutide showed greater weight loss, BMI z-score reduction, and BMI decrease than exenatide; and greater weight loss and BMI z-score reduction than liraglutide and dulaglutide. Semaglutide was first-ranked in reducing weight, BMI, BMI z-score, and waist circumference [145].
Safety
Gastrointestinal adverse effects are class-wide with GLP-1RAs, especially in the initial four to eight weeks of dose escalation. Common adverse effects (30% to 60% of patients) are mild-to-moderate vomiting, nausea, dyspepsia, diarrhea, constipation, and abdominal pain; others include headache and fatigue. These are generally transient, usually resolve within one to two weeks of dose titration or reduction, and mitigated by reducing meal sizes, avoiding fatty meals and high-sugar foods, and avoiding lying down after eating [104,149]. Short-term symptomatic treatments, including ondansetron, polyethylene glycol or other laxatives, and loperamide, can also be considered [96].
GLP-1RAs may vary in tolerability. Liraglutide had greater association with adverse effects and injection-site reactions than other GLP-1RAs in children with obesity [145]. In pivotal randomized controlled trials, dropout due to adverse effects with semaglutide did not separate from placebo but was significantly higher with liraglutide [130,148]. Increased resting heart rate by 6 to 10 beats per minute is a side effect of GLP-1RAs and heart rate should be monitored, particularly in patients with underlying cardiovascular disease [96].
Serious side effects are rare, but like any other pharmacologic intervention, the benefits of GLP-1RAs do not outweigh the risks in a small number of individuals [153]. Based on preclinical studies and some postmarketing case reports, GLP-1RAs are contraindicated in patients with a personal or family history of medullary thyroid carcinoma, and in patients with multiple endocrine neoplasia syndrome type 2 (MEN2) [16,158].
A 2022 meta-analysis found no evidence of increased thyroid disorders, while FDA Adverse Event Reporting System (FAERS) data associated GLP-1RAs with a 10-fold increase in thyroid neoplasm and hyperplasia vs sodium-glucose cotransporter-2 (SGLT-2) inhibitors in adult patients with type 2 diabetes [159]. This retrospective reporting does not establish causality, but the safety signal may be clinically relevant [158]. Other adult type 2 diabetes data associated one to three years of GLP-1RA exposure with increased risk of all thyroid carcinomas (58%) and medullary thyroid cancer (78%) [160]. On the other hand, recent meta-analyses of GLP-1RA use in type 2 diabetes found no evidence of increased risk of digestive system cancers, no evidence of elevated risk of acute pancreatitis or pancreatic cancer in cardiovascular outcomes trials, and no increase in thyroid cancer risk with exenatide over 10 years [96].
Importantly, the side effect profile should be viewed in the broader context of the substantial risk of cardiometabolic complications and premature mortality with pediatric obesity. In this light, GLP-1RA benefits outweigh risks for most patients [153].
Notably, previously unreported side effects will emerge with increasing use. For example, several case reports attributed aspiration during anesthesia in patients taking GLP-1RA for obesity to their effects on gastric emptying [153]. In 20 patients on semaglutide after an eight-hour fast, most showed residual gastric contents on ultrasound evaluation [161]. Withholding GLP-1RAs for three or more half-lives before a procedure is recommended [153].
However, newer evidence suggests GLP-1RA adverse event and aspiration rates do not appear elevated [162]. Thus, a more individualized approach should be considered. As gastric emptying delay from GLP1-RAs diminishes over time, treatment longer than three months may not pose a higher risk of aspiration pneumonia. A strict liquid diet the day before endoscopy may decrease gastric remnants and aspiration risk and may be preferred to GLP-1RA interruption by patients [96].
Larger patient datasets have also alleviated previous safety concerns (e.g., suicidality risk with GLP-1RA treatment of adolescent obesity). Comparing matched adolescent cohorts prescribed GLP-1RAs or lifestyle modification therapy (controls) for obesity, teens prescribed GLP-1RAs had a 33% reduced incidence of suicidal ideation or attempts vs controls (1.45% vs 2.26%) over 12 months of follow-up, suggesting a favorable psychiatric safety profile of GLP-1RAs. Of note, as this study used data from clinical health care, the results reflect community practice rather than highly controlled research trials [163].

Phentermine/Topiramate



Phentermine/topiramate extended release (ER) is an anti-obesity medication approved as Qsymia. These agents remain important off-label considerations. Phentermine was approved in 1959 as short-term (≤12 weeks) obesity treatment in patients older than 16 years of age before obesity was understood as a chronic disease requiring long-term treatment. Phentermine has been among the most widely prescribed anti-obesity medication in adults for decades. Its efficacy, minimal side effects, and low-cost accessibility have also made phentermine the most widely prescribed anti-obesity medication (off-label) in patients 16 years of age or younger or longer than 12 weeks [19,164].
Phentermine, a sympathomimetic norepinephrine re-uptake inhibitor with weak dopaminergic activity, increases hypothalamic norepinephrine which activates POMC and increased satiety; and weakly stimulates DA release in the prefrontal cortex, which improves inhibitory control and decreases food intake [142,164].
Phentermine may cause insomnia, headache, dry mouth, GI complaints, nervousness, and a mild increase in blood pressure; patients should be monitored for blood pressure, heart rate, and side effects every six to eight weeks. No serious adverse effects have been observed in studies that included children and adolescents. Phentermine taken in the morning decreases insomnia risk [19].
While phentermine is contraindicated in patients taking monoamine oxidase inhibitors (MAOIs), with cardiovascular disease, or uncontrolled hypertension, observational studies of phentermine in adults and adolescents have not found adverse changes in blood pressure; 13,972 adults prescribed phentermine showed a slight transient increase in heart rate, and no relationship between duration of phentermine use (up to three years) and risk of cardiovascular events or fatalities [129,142].
Topiramate is FDA-approved for seizure control in patients 2 years of age and older, and migraine prophylaxis in patients 12 years of age and older. Topiramate monotherapy is not approved for weight loss in any age [16].
Topiramate may promote weight loss through appetite suppression and satiety enhancement, and control food cravings, via mechanisms that block neuronal voltage-dependent sodium channels, enhance gamma-aminobutyric acid type A (GABA-A) activity, antagonize glutamate receptors, and/or inhibit carbonic anhydrase [16].
Topiramate can produce dose-related peripheral (paresthesia) and CNS (e.g., difficulty concentrating, memory impairment) adverse effects, dizziness, dry mouth and GI symptoms [128]. Clinicians should monitor patients for suicidal ideation [16].
Topiramate use during pregnancy is linked to a significantly increased risk of birth defects affecting orofacial, cardiac and urogenital development. Topiramate can also render oral contraceptives less effective. The teratogenic potential of topiramate makes pregnancy or high risk for pregnancy a contraindication and requires that females of reproductive age use a reliable form of birth control or refrain from sexual intercourse [128,129].
Other contraindications include hyperthyroidism, glaucoma, and MAOI use [16]. Patients should be weaned off topiramate slowly, because abrupt cessation may precipitate seizures [19,129].
After epilepsy patients unexpectedly showed weight loss during topiramate treatment, its development as an anti-obesity medication began. Although halted by adverse effects, obesity clinicians in private practice observed that phentermine mitigated topiramate adverse effects and synergistically increased weight loss. Clinical trials confirmed the efficacy, with fewer safety concerns, of once-daily, low-dose phentermine and topiramate ER combination [142,165].
Efficacy
In 2022, phentermine/topiramate ER was approved for chronic weight management in adolescents 12 to 17 years of age, based on two randomized controlled trials evaluating fixed-dose 7.5 mg/46 mg (mid-dose) and 15 mg/92 mg (top-dose) phentermine/topiramate tablets in adolescents 12 to 16 years of age with obesity [166,167,168]. In the larger trial, which included 277 adolescents and continued for 56 weeks, both doses produced substantially greater reductions in BMI and body weight than placebo. Mean BMI changed by -7.1% with the top dose and -4.8% with the mid-dose, compared with an increase of 3.3% with placebo; the treatment difference between the top-dose and placebo groups was -10.4%. Mean weight changed by -9.2 kg and -5.5 kg with the top and mid doses, respectively, compared with a gain of 6.6 kg with placebo, representing a top-dose versus placebo difference of -15.8 kg [167].
Clinically meaningful BMI reductions were also more common among patients receiving phentermine/topiramate. A BMI reduction of at least 10% was achieved by 42.5% of adolescents receiving the top dose and 31.5% receiving the mid-dose, compared with no participants receiving placebo. Similarly, BMI reductions of at least 15% were achieved by 28% and 13% of patients receiving the top and mid doses, respectively, compared with 0% of the placebo group. Both treatment doses also reduced waist circumference, with mean changes of -9.3 cm with the top dose and -7.4 cm with the mid-dose, compared with an increase of 0.3 cm with placebo. In addition to these weight-related benefits, both treatment groups experienced significant improvements in triglycerides, which decreased by 21%, and HDL-C, which increased by 10%, compared with placebo [167].
Safety/Contraindications
Incidence of any adverse effect with placebo (51.8%), mid-dose (37%) and top-dose (52.2%) and respective dropout from adverse effects (2%, 2%, 1.8%) were similar. Serious adverse effects were bile-duct stones on top-dose and depression and suicidal ideation on mid-dose. Patients should be monitored for the emergence or worsening of depressed mood [104,167].
This combination anti-obesity medication allows decreased dose of both drugs to reduce adverse effects. Phentermine/topiramate ER dose-dependently increases weight-loss, and adverse effects including dry mouth, constipation, paresthesia, sedation, mood disturbance, and visual disturbance [18].
Contraindications for phentermine/topiramate ER follow those of phentermine and topiramate monotherapies [128]. Patients should avoid alcohol use. Phentermine/topiramate ER has a black-box warning for worsening of depression in patients 18 to 24 years of age [16].
Phentermine/topiramate led to greater BMI decreases than shown in adolescent trials of lifestyle modification therapy, orlistat and liraglutide. The improvements in lipid profile are particularly important; excluding semaglutide, phentermine/topiramate is currently the only anti-obesity medication for adolescents to demonstrate weight loss sufficient for reducing cardiometabolic risk factors [167].

Orlistat



Orlistat inhibits pancreatic and gastric lipase, blocking triglyceride hydrolysis and free fatty acid breakdown which prevents 30% of dietary fat absorption at the recommended 120-mg thrice/daily dose. Orlistat, the only anti-obesity medication without CNS activity, acts locally in the GI tract. Weight loss is usually small (~3%) and diet-dependent [16,169,170].
Orlistat's 2003 approval for patients 12 years of age and older followed a randomized controlled trial in 539 teens, with orlistat (vs placebo) superior in BMI change (-0.55 vs +0.31 kg/m2) and ≥5% BMI reduction (26.5% vs 15.7%) [171]. Weight loss ≥5% by 12-weeks predicted a favorable BMI outcome at 52 weeks and was twice as likely with orlistat [172].
Other trials in adolescents showed varying weight loss effects [142]. In a meta-analysis of pediatric data, orlistat had significant effects on waist circumference and serum insulin, but no effect on weight, BMI, lipid profile, or serum glucose [173].
A study of prescription data in children and adolescents found 45% of patients discontinued orlistat within one month and 90% within six months, suggesting poor tolerability and/or efficacy [174].
Orlistat is rendered uniquely unappealing among available anti-obesity medications by GI side effects of oily rectal leakage, abdominal pain, flatulence with discharge, bowel urgency, fecal incontinence, and steatorrhea [140]. Orlistat is contraindicated with chronic malabsorption, cholestasis, and during pregnancy or breastfeeding [16,149].


COMPARATIVE ADVERSE EFFECTS OF ANTI-OBESITY MEDICATIONS



Digestive system adverse effects, spanning from dry mouth to digestive organs to diarrhea, account for most anti-obesity medication side effects. While post-marketing safety data on children is not yet robust, adverse effects associated with these agents do not meaningfully differ between children and adults, and FAERS data compared digestive system adverse effects of seven adult-approved anti-obesity medications [169].
Tirzepatide had the lowest risk of digestive system adverse effects and lowest incidence of severe adverse effects among seven anti-obesity medications. Tirzepatide, compared with GLP-1RAs, may reduce GI and pancreatic adverse effects by activating GIP receptors, making it preferred for patients with a history of digestive system disease or elevated risk of pancreatitis [169].
Semaglutide and liraglutide had higher reported digestive system adverse effects and pancreatitis than tirzepatide. Liraglutide had the greatest risk of digestive system adverse effects and more pancreatic adverse effects, especially pancreatitis, than semaglutide [169].
Phentermine-topiramate, but not phentermine alone, showed a signal for hepatobiliary adverse effects, possibly reflecting hepatic dysfunction from topiramate/other drug interactions, but clarification requires prospective data. Bupropion-naltrexone had the highest raw number of digestive system adverse effect reports, including dry mouth.
Orlistat had the highest association with adverse effects throughout the digestive system of all anti-obesity medications. Consistent with this finding, the American Gastroenterological Association adult guideline recommends against orlistat use due to its adverse effects with minimal weight loss [169,175].

OFF-LABEL ANTI-OBESITY MEDICATION USE AND COMBINATIONS



Despite recent pediatric approvals of more effective anti-obesity medications, chronic management of pediatric obesity is often not as straightforward as long-term monotherapy due to [16,19,128,176]:
    
	Complex pathophysiology with overlapping phenotypes
	Potentially weight-promoting comorbidities
	Weight-promoting medications necessary for treating other conditions
	Limited access to pediatric anti-obesity medication due to age restrictions, insurance coverage, and cost
	No anti-obesity medication approvals for polygenic obesity in children younger than 12 years of age


Pediatric obesity is complex and often clinically challenging. Effective management can require additional weight-loss promoting medications, off-label for obesity or approved for comorbidities, to optimize response, treat comorbidities, counteract weight-promoting medication, or provide affordable options [16,19,128,176].
The "indicated," or FDA-approved, use of a drug is specific to the purpose and manner of its use in pre-approval phase III clinical trials. FDA-approved drugs may be prescribed "off-label" (i.e., outside their indicated treatment condition, duration, dosage, or age range) [177,178].
Off-label drug use has historically filled the pediatric anti-obesity medication gap; metformin is a classic example of widespread off-label use because of low cost, availability, and safety despite minimal weight loss. The clinical role of off-label drug use in pediatric obesity and related conditions remains essential [140,164].
Like many other areas of medicine, off-label drug use for condition and/or age can be life-saving and necessary in pediatric patients [179]. More than 30% of all medications prescribed to children and adolescents are off-label for condition, age, or both. "Off-label" should not be construed as improper, illegal, or "off-evidence" prescribing; in some cases, high-quality evidence in outpatients supports off-label prescribing [178,180]. Current disease state, not age category, should direct optimal therapy selection [16,178]. No evidence supports watchful waiting or unnecessary delay of treatment. Medication use earlier and without delay can improve clinical outcomes in young patients [11,178].
Multiple factors, ranging from efficacy, possible on-label alternatives, dosing, safety, monitoring, and risk-benefit ratio should be assessed as standard prescribing practice [181]. Most drug treatment studies exclude children; without efficacy and safety data, these patients are "therapeutic orphans," with few/no FDA-approved options [177]. The AAP and the Obesity Medicine Association reaffirm off-label drug use in children with chronic disease [16,181]. When pharmacotherapy has limited age- and indication-specific research in children, clinical decisions are based on sound scientific evidence, expert medical judgment, or published literature when possible [181].
Considerations for Controlled Substances



Phentermine is not an amphetamine but has a similar chemical structure and is a Schedule IV controlled substance (CS IV) based on theoretical abuse potential, despite no evidence that adults develop phentermine abuse or addiction during long-term monotherapy [128]. Physicians should investigate local and state regulations and laws before prescribing phentermine off-label [79]. Phentermine/topiramate ER, although CS IV, is approved for long-term use in younger adolescents.
Although CS II status prohibits lisdexamfetamine use off-label for weight loss, randomized controlled trials are evaluating its weight loss effects in youth 8 to 13 years of age with ADHD and loss-of-control eating, and 6 to 12 years of age with severe obesity [107].

Additional Medication Options



A range of weight-loss promoting medications can be considered when patients cannot access pediatric anti-obesity medications, have suboptimal response or weight-promoting comorbidities, or require weight-promoting medications (and mitigation).
Phentermine is widely prescribed in youth 16 years of age or younger and/or longer than 12 weeks and is the most affordable of any anti-obesity medication [168]. Phentermine's safety combined with topiramate, naltrexone, bupropion, zonisamide (an antiepileptic agent), and other agents for additive weight loss make it especially versatile in obesity [79].
Topiramate has highly versatile off-label drug use for weight loss across diverse pediatric obesity phenotypes and should also be considered for idiopathic intracranial hypertension or severe non-verbal autism [96].
Bupropion is a norepinephrine-dopamine reuptake inhibitor approved for adult depression and smoking cessation. In adult obesity, bupropion can induce modest weight loss of 5.1% with 400 mg/day after 48 weeks [182]. Its off-label drug use, often combined with phentermine, had been common [79]. Adverse effects include nausea, headache, constipation, insomnia, dry mouth, and dizziness. Uncontrolled hypertension, seizure, and eating disorders are contraindications [168].
Naltrexone/bupropion (Contrave), an adult anti-obesity medication, includes naltrexone, an opioid receptor antagonist approved for alcohol and opioid use disorder. In adults, weight loss over placebo is 4.8% to 6.0%. Naltrexone is contraindicated in pregnancy, severe hepatic dysfunction, and patients taking MAO inhibitors, opioids, and medications for alcohol or opioid use disorder [168].
Lisdexamfetamine is FDA-approved for ADHD in patients 6 years of age and older and for BED in patients 18 years of age and older. This drug hydrolyzes to slowly release the active drug, D-amphetamine, which inhibits reuptake and enhances release of dopamine and norepinephrine [16]. Lisdexamfetamine is well-tolerated with generally manageable side effects of dry mouth, restlessness, insomnia, and GI upset [183]. It is used off label in younger children with obesity and weight-promoting morbidities of ADHD, BED, or impulsive eating. Caution is advised in patients with cardiovascular disease and anxiety [96].
Metformin, exenatide, and dulaglutide, approved for type 2 diabetes in patients 10 years of age or older (18 years of age or older for dulaglutide), have been used off-label to promote weight loss. Metformin decreases hunger by increasing sensitivity to insulin and leptin, is useful in mitigating weight-promoting medication effects, treating PMOS, and might benefit patients with obesity and prediabetes. BMI reduction is similar to orlistat (~3%) [28]. Youth with PMOS should receive 1,000 mg twice-daily, if tolerated, to leverage the appetite-decreasing effect. Dose titration and ER formulations reduce initial GI upset. With long-term use, monitor for vitamin B12 deficiency [16]. Lactic acidosis is a rare but potentially fatal adverse effect; renal dysfunction and metabolic acidosis are contraindications [18]. Counselling on increased fertility on metformin is important. Metformin may mask the onset of type 2 diabetes and make diagnosis challenging [28].
Exenatide and dulaglutide are GLP-1RAs. A small randomized controlled trial of adolescents with severe obesity showed exenatide 10 mcg twice daily reduced BMI 4%; greater weight loss may require higher doses for longer periods. In patients with obesity on dulaglutide (4.5 mg), roughly 50% experienced ≥5% weight loss [16,18].

Combination Therapy for Weight Loss



By combining medications with different mechanism of action, more significant improvements are achievable [16,128]. A child may achieve 8% to 11% BMI percentile reduction with phentermine/topiramate but glycemic dysregulation persists; adding semaglutide can improve glucose metrics and further decrease BMI by 7% to 16% [19].
GLP-1RAs and tirzepatide act on the MC4R pathway, and can increase setmelanotide efficacy in obesity from genetically-impaired MC4R signaling [184]. In two patients (BMI 77 and 41) with Bardet-Biedl syndrome discovered during evaluation for metabolic and bariatric surgery, tirzepatide plus setmelanotide led to 26% weight loss and no adverse effects after 34 to 45 weeks [185]. In 59 patients with Bardet-Biedl syndrome prescribed setmelanotide with or without additional treatments, metabolic and bariatric surgery plus GLP-1RAs or tirzepatide led to more BMI loss than metabolic and bariatric surgery or GLP-1RA/tirzepatide alone. Setmelanotide increased BMI loss in all three conditions [184].
A randomized controlled trial evaluated phentermine plus canagliflozin (a SGLT-2 inhibitor approved for type 2 diabetes) in 335 obese adults without type 2 diabetes. After 26 weeks, mean weight loss with placebo (1.1%), canagliflozin 300 mg (2.6%), phentermine 15 mg (4.6%), and canagliflozin plus phentermine (8.1%) demonstrated synergistic effects that continued through week 26 without plateau, and greater improvements in blood pressure and heart rate, with phentermine/canagliflozin combination [186].
Phentermine plus topiramate remains a cost-effective alternative to approved anti-obesity medications. Out-of-pocket costs of this agent rise with escalating dosage. Given the per-month cost of phentermine 15 mg ($15), topiramate ($40), and phentermine/topiramate ER (up to $300), many clinicians choose to prescribe both agents separately [128].
Of note, topiramate for three or more months in 32 children with obesity and MASLD significantly improved mean ALT (76 U/L vs 50 U/L), which normalized or decreased >50% in 43% of patients, and was well-tolerated [187]. Phentermine plus topiramate can be selected in patients with MASLD and strong hunger with frequent snacking, poor satiation, binge eating, or migraine headaches [96].


TARGETING SHARED PATHOPHYSIOLOGY



ADHD, BED, and loss-of-control eating disorder (LOC-ED) are prevalent in pediatric obesity [5]. ADHD is characterized by persistent, functionally damaging levels of hyperactivity, inattention, distractibility, and impulsivity [1,188]. ADHD in children increases obesity prevalence by 40% to more than 100% [189,190,191]. The 29% prevalence of ADHD in teen candidates for metabolic and bariatric surgery is six-fold greater than the general population [193]. Children with ADHD demonstrate significantly lower birth weight and are significantly more likely to have obesity at 5 years of age onward [190].
BED is also an impulse-control disorder, characterized by frequent, recurrent binges (i.e., discrete hyperphagic episodes within a short timeframe) [188,192]. LOC-ED is diagnosed in children 6 to 12 years of age with binge-type behaviors who do not meet full BED criteria [19]. Obesity is a common consequence of BED, and LOC-ED is also considered an obesogenic eating behavior [194]. BED affects 1.3% to 3% of children and adolescents overall and 20% to 35% of those with overweight/obesity [19]. LOC-ED in middle childhood robustly predicts the development of BED and excessive weight gain [195].
ADHD, obesity, and BED/LOC-ED often occur together. Evidence delineates the directionality of this relationship. Compared with healthy controls, children with ADHD have 12 times the risk of LOC-ED, high impulsivity is more likely in children with LOC-ED, and adolescents with ADHD have 41% increased odds for disordered eating (mostly BED) [195,196]. In longitudinal data, higher ADHD symptoms in late childhood significantly predict higher BMI in early- and mid-adolescence [190]. The relationship between ADHD and BMI is established before 11 years of age, and the link between ADHD and obesogenic eating behavior develops in early childhood [197,198]. Childhood ADHD predicts binge eating in mid-adolescence, and ADHD is causal in excessive weight gain [195].
Self-regulation is central to developmental psychopathology and describes related constructs such as cognitive control and executive functioning [51]. High-executive functioning children show significant lower odds for developing overweight/obesity, while child weight status is a significant negative predictor of overall executive functioning [199]. Early neurocognitive predisposing factors of poor general (e.g., negative affectivity, poor impulse control) and food-specific (e.g. inability to delay food reward) self-regulation highly associates with childhood obesity through mechanisms that also underlie ADHD and LOC-ED [40]. The shared pathophysiology of pediatric obesity and ADHD include abnormal reward responses, impaired presynaptic dopamine and norepinephrine availability, and related alterations in impulse control and executive functioning [5,19]. Children with ADHD or BED share functional dysconnectivity between inhibitory control networks and reward processing pathways that underlie impulsivity, inability to delay gratification to food reward and regulate food intake [195].
Early identification and intervention are crucial [190]. ADHD symptoms typically precede excessive adiposity and appear before BED. Addressing multiple diagnoses with a single treatment by targeting shared pathophysiology is possible [5].
Pediatric patients with ADHD receiving stimulant treatment showed significantly lower obesity rates compared with unmedicated patients, extending earlier findings in ADHD of a 40% lower obesity rate in stimulant-treated (vs untreated) children [189,200,201]. In addition to meta-analytic evidence, 78 patients with severe obese and newly diagnosed ADHD received stimulant treatment or remained untreated and prospectively followed over 15 months. Mean weight change in treated vs untreated subjects was –12.3% vs +2.8% [202]. After 30 months of methylphenidate, 40% of children with ADHD and obesity became overweight, while 43% of children with ADHD and obesity or overweight reached normal weight after one year of stimulant treatment [203,204].
Untreated ADHD can be a cause of weight gain or disrupt weight-loss treatment through lack of inhibitory control and planning, reward deficiency due to decreased dopaminergic activity, poor executive functioning, and diminished perception of satiety [28]. Methylphenidate and amphetamine treatment can correct ADHD's obesegenic pathophysiology to decrease BMI, while anorexigenic effects dissipate within 3 months [202,204].
LOC-ED/BED is a psychiatric disorder, not a manifestation of failed hypothalamic regulation, and treatment requires addressing the core psychopathological drivers [205]. First-line treatment for BED is psychotherapy. Medication is considered second-line treatment, but its importance increases in obesity, and outcomes are optimized when both are treated simultaneously [19]. Lisdexamfetamine and topiramate are both used off-label for pediatric LOC-ED/BED [19].
With ADHD present, topiramate may impair attention, concentration and memory, worsening cognitive function and academic struggles [129,192]. LOC-ED/BED patterns in patients with both obesity and ADHD highlight the role of diminished dopaminergic activity in dysregulated executive functioning and abnormal reward responses, which lisdexamfetamine effectively targets [5,129,183,188,192,205]. Methylphenidate has not been studied in LOC-ED/BED.


8. COUNTERACTING WEIGHT-PROMOTING MEDICATIONS



Weight-promoting medication can be the primary cause of obesity, and these medications can impede obesity treatment efficacy and induce or exacerbate comorbidities. Prescribing pediatric providers may not appreciate the degree that weight-promoting medications can cause unintended weight gain; a study of children 6 to 12 years of age with overweight or obesity found more than 50% had a history of weight-promoting medication use. Therefore, reviewing past and present medications to determine if a weight-promoting medication has negatively impacted the patient's weight trajectory is critically important [16,19,28].
Many weight-promoting medications are used in pediatrics. Second-generation antipsychotics require particular attention.
The major psychotropic drug classes used in treating youth with psychiatric disorders include anti-ADHD drugs, antidepressants, mood stabilizers, and second-generation antipsychotics (Table 9) [206,207]. With transdiagnostic efficacy across pediatric psychopathologies, second-generation antipsychotics are widely used, including augmentation of other psychotropic drugs to improve response [206,207]. Up to 4.5% of children in the United States are prescribed second-generation antipsychotics [208].

Table 9: PSYCHOTROPIC DRUGS WITH HIGHEST EFFECT SIZES ON WEIGHT GAIN IN CHILDREN/ADOLESCENTS
	Medication(s)a	Clinical Condition/Diagnosis
	Amphetamine and methylphenidate	ADHD
	Aripiprazoleb and risperidoneb	Irritability in autism spectrum disorder
	Risperidoneb	Aggression in disruptive behavior disorders
	Olanzapineb, risperidoneb, paliperidoneb, and ziprasidoneb	Symptoms of schizophrenia
	Aripiprazoleb	Manic symptoms in bipolar disorder
	
            aMedications are listed in descending order from greatest effect size.
bSecond-generation antipsychotic


          


Source: [209,210]


Second-generation antipsychotics also carry high risks of obesity, hyperprolactinemia, dyslipidemia and type 2 diabetes; olanzapine is nearly synonymous with weight-promoting medication. Up to 80% of children taking second-generation antipsychotics develop significant weight gain, which may be irreversible, highlighting the importance of early intervention [19,206,208].
Second-generation antipsychotic effectiveness can pose a dilemma for clinicians. Autism spectrum disorder and other severe and/or disruptive neuropsychiatric conditions often cannot be adequately managed on other less obesogenic medications, or symptom control in other psychiatric disorders may require second-generation antipsychotic augmentation [28,207].
When second-generation antipsychotic discontinuation or substitution with a less obesogenic alternative risks patient destabilization, adding metformin or topiramate can mitigate hyperphagia and induce weight loss. Metformin should be used with metabolic disorders or PMOS present. Topiramate is recommended when migraines, seizure disorder, or binge eating are present [16,19].
PSYCHOTHERAPY AND PSYCHOLOGICAL SUPPORT



Psychological treatment is an important component of comprehensive, multidisciplinary care for children and adolescents with obesity. Obesity should be approached as a chronic, multifactorial disease influenced by biologic, behavioral, psychological, familial, social, and environmental factors. Accordingly, psychological intervention should not focus solely on weight reduction. Treatment should address the behaviors, emotions, family dynamics, psychosocial stressors, and mental health conditions that may contribute to obesity or interfere with treatment, while also supporting improvements in health, functioning, self-image, and quality of life. A family-centered, nonstigmatizing approach that recognizes the complex determinants of obesity is recommended [211].
Psychological Assessment and Treatment Planning



Psychological treatment should begin with a comprehensive assessment of factors that may affect eating, physical activity, sleep, weight-related behaviors, and the family's ability to participate in treatment. Relevant areas include depression, anxiety, ADHD, adverse childhood experiences, trauma, food insecurity, family stress and conflict, weight stigma, bullying, body image concerns, and social isolation. Clinicians should also assess for maladaptive eating patterns and eating disorders, including binge eating, loss-of-control eating, purging, severe dietary restriction, and recurrent weight cycling. These conditions may require specific mental health treatment and should be addressed concurrently with obesity treatment rather than delaying or separating treatment unnecessarily.
Assessment should also consider the developmental stage of the child or adolescent. For younger children, intervention is directed primarily toward parents and caregivers, who control much of the home food environment, routines, opportunities for physical activity, and behavioral reinforcement. As children mature, treatment should increasingly incorporate the patient's autonomy, preferences, motivation, self-image, and capacity for independent behavior change. Adolescents should be active participants in establishing treatment goals and selecting behavioral targets [11].
Treatment goals should be individualized and collaborative. Although improvement in BMI or attenuation of excessive weight gain may be appropriate outcomes, psychological treatment should also emphasize broader goals, such as improved eating patterns, physical activity, sleep, emotional well-being, self-esteem, social functioning, and obesity-related comorbidities. Focusing exclusively on a number on the scale may undermine engagement and can obscure meaningful improvements in health and quality of life. The AAP recommends collaborative goals that are not limited to BMI reduction and that address the individual needs and circumstances of the child and family [11].

Family-Based Behavioral Treatment



Family involvement is central to effective psychological and behavioral treatment of pediatric obesity. As noted, children generally have limited control over food purchasing, meal preparation, household routines, transportation, and opportunities for physical activity. Parents and caregivers therefore play an essential role in creating a home environment that supports healthy behaviors. Effective interventions engage the family rather than identifying the child as the sole target of treatment or assigning blame to parents or caregivers.
Family-based treatment may address parenting skills, role modeling, monitoring, consistent limit-setting, positive reinforcement, problem-solving, and modification of the home environment. Families can work together to establish regular meals, improve the availability of nutritious foods, reduce reliance on sugar-sweetened beverages, limit eating in response to environmental cues or screen use, and develop regular opportunities for enjoyable physical activity. Parents and caregivers should be encouraged to model the behaviors they are asking their children to adopt. Behavioral health specialists can support this process by addressing parenting practices, family conflict, and the use of consistent reinforcement strategies [11].
Treatment should avoid approaches that shame the child or family or characterize obesity as evidence of poor parenting or a lack of willpower. Families may face substantial barriers, including financial limitations, food insecurity, limited access to safe activity spaces, competing medical or family responsibilities, and other social drivers of health. These factors should be identified and incorporated into treatment planning. A psychologically informed approach recognizes these barriers and helps families develop realistic strategies within their particular circumstances [11].

Behavioral Interventions



Behavioral interventions focus on identifying modifiable patterns and helping children and families develop sustainable alternatives. Treatment may include self-monitoring, stimulus control, goal setting, problem-solving, positive reinforcement, and relapse-prevention strategies. Rather than attempting to change all behaviors simultaneously, clinicians can help families select specific, achievable targets and evaluate progress over time.
Common targets may include establishing more regular meal and snack patterns, reducing sugar-sweetened beverages, modifying portion sizes, decreasing eating in response to boredom or emotional distress, increasing family meals, improving sleep routines, reducing sedentary behaviors, and increasing participation in enjoyable physical activities. Interventions should be tailored to the child's developmental abilities, learning style, family culture, and available resources. Programs for younger children may emphasize parental skills and modification of the home environment, whereas interventions for adolescents should increasingly address autonomy, preferences, self-management, and self-image [11].
Positive reinforcement is generally preferable to punishment or criticism. Families can identify non-food rewards for accomplishing behavioral goals and focus on reinforcing effort and specific behaviors rather than weight alone. Setbacks and lapses should be expected and addressed as opportunities for problem-solving rather than as treatment failure. Because obesity is a chronic condition, behavior change requires ongoing support, and treatment should emphasize maintenance and long-term adaptation rather than a short-term "diet" or rapid weight-loss approach [11].

Motivational Interviewing



Motivational interviewing is a patient-centered, collaborative counseling approach that can help engage children, adolescents, and families in behavior change. Rather than prescribing goals, clinicians work with the patient and family to identify behaviors they consider important and achievable. Motivational interviewing is particularly useful when families are ambivalent about treatment or when external barriers and competing priorities make obesity treatment difficult.
The AAP identifies motivational interviewing as a core component of comprehensive obesity treatment. The process includes engaging the patient and family, focusing on potential targets for change, eliciting their own motivations and reasons for change, and collaboratively developing a plan. For younger children, the primary focus may be on caregiver motivation [11].
Motivational interviewing can be applied to a wide range of behavioral targets. For example, a family might choose to reduce sugar-sweetened beverages, increase participation in a preferred physical activity, establish regular family meals, or improve sleep hygiene. Success is defined by meaningful progress toward the selected behavior rather than by imposing a predetermined weight goal. This approach may improve engagement by respecting the family's priorities and capacity for change [11].

Cognitive and Emotional Factors



Psychological treatment should address the relationship between emotions and health behaviors. Some children and adolescents may eat in response to stress, boredom, anxiety, sadness, or other emotional states. Others may use food restriction or compensatory behaviors in response to body dissatisfaction or concerns about weight. Clinicians can help patients identify triggers, recognize connections among thoughts, feelings, and behaviors, and develop alternative coping strategies.
Cognitive-behavioral strategies may be useful for identifying maladaptive thoughts and behavioral patterns that interfere with treatment. Depending on the patient's needs, intervention may focus on emotional regulation, coping with stress, problem-solving, self-monitoring, challenging unhelpful beliefs, and developing alternative responses to eating or inactivity triggers. Co-occurring depression, anxiety, ADHD, trauma-related symptoms, or other psychiatric conditions should be appropriately evaluated and treated because these conditions may affect treatment participation and long-term outcomes.
Treatment should also address body image, self-esteem, and weight-related stigma. Children and adolescents with obesity may experience teasing, bullying, discrimination, or internalized negative attitudes about weight. Psychological care should provide a safe, supportive environment in which these experiences can be discussed and addressed. Clinicians should use person-first, nonstigmatizing language and avoid framing body size as a moral or personal failure. AAP guidance emphasizes approaches that honor the unique qualities of each child and family and recognize the social and structural contributors to obesity [11].

Eating Disorders and Disordered Eating



Obesity and disordered eating can coexist, and psychological assessment should not assume that a patient with a higher weight is free of an eating disorder. Clinicians should assess for BED, LOC-ED, purging, restrictive eating, rapid or recurrent weight loss, and other concerning behaviors. The presence of these symptoms may require specialized treatment and coordination with clinicians experienced in eating disorders.
Importantly, structured, professionally delivered pediatric obesity treatment is not inherently associated with increased eating disorder risk. The AAP notes that professionally managed obesity interventions that emphasize healthy eating, enjoyable physical activity, and improvements in self-esteem and self-concept may be associated with reductions in eating disorder prevalence, risk, and symptoms. Nevertheless, clinicians should continue to monitor for emerging or worsening disordered eating throughout treatment and avoid unnecessarily restrictive or stigmatizing approaches [11].


INTERPROFESSIONAL COLLABORATION



Given the multifaceted nature of childhood obesity, practitioners will most likely need to collaborate with other professionals in order to provide the best possible care. For children with comorbid psychosocial or family disorders, contact among clinical social workers, counselors, psychologists, psychiatrists, therapists, and teachers may also be necessary. The collaborative efforts may focus on assessment, treatment, or both.
Due to the wide-reaching boundaries of health care, it is important to maintain liaisons with a variety of other disciplines and often develop an expertise in collaboration [212,213,214]. These relationships are not only clinically necessary but can generate creative research and novel interventions. The key to effective teamwork begins with genuine appreciation and respect for one's colleagues. Cooperation is enhanced by learning about the philosophies and methods of other practitioners, which can also minimize potential territorial conflicts. Communicating diagnostic and intervention data is best achieved by formally structuring the frequency and method of contact. This kind of team effort is exemplified in tertiary-level childhood obesity clinics and facilities involving continuous interaction among physicians, nutritionists, mental health professionals, and exercise trainers.


9. CONCLUSION



Obesity is a chronic complex disease of excessive adiposity. In youth 2 to 19 years of age, the rates of obesity (21.1%) and severe obesity (7.0%) during 2021–2023 had respectively increased 8.5% and 12.8% from 2017–2018.
Pediatric obesity is among the most serious public-health challenges of the 21st century, placing youth at risk for serious short- and long-term adverse cardiometabolic (e.g., type 2 diabetes, hypertension, dyslipidemia, and NAFLD) and psychosocial outcomes. Severe obesity in early childhood can be particularly life-threatening and life-shortening. Lifestyle modification therapy, the recommended first-line treatment, seldom achieves significant durable BMI loss alone, and most patients will require lifestyle modification therapy, pharmacotherapy, and/or metabolic and bariatric surgery.
However, pediatric obesity is pathophysiologically complex. ADHD and LOC-ED/BED often co-occur and are themselves obesegenic. Weight-promoting medications, including second-generation antipsychotics, may be the primary cause of obesity yet necessary for the prescribed condition. Anti-obesity medication response may be suboptimal or insurance non-coverage may prevent access. Therefore, to effectively manage the clinical challenges of pediatric obesity, combining agents with additional weight-loss promoting medications that include phentermine, topiramate, metformin, lisdexamfetamine, and others, can often be required.
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