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Abstract

A growing number of youth suffer from obesity and in particular severe obesity for which
intensive lifestyle intervention does not adequately reduce excess adiposity. A treatment gap exists
wherein effective treatment options for an adolescent with severe obesity include intensive
lifestyle modification or metabolic and bariatric surgery, while the application of obesity
pharmacotherapy remains largely underutilized. These youth often present with numerous obesity-
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related comorbid diseases, including hypertension, dyslipidemia, prediabetes/type 2 diabetes,
obstructive sleep apnea, non-alcoholic fatty liver disease, musculoskeletal problems, and
psychosocial issues such as depression, anxiety, and social stigmatization. Current pediatric
obesity treatment algorithms for pediatric primary care providers focus primarily on intensive
lifestyle intervention with escalation of treatment intensity through four stages of intervention.
Although a recent surge in the number of Food and Drug Administration-approved medications for
obesity treatment has emerged in adults, pharmacotherapy options for youth remain limited.
Recognizing treatment and knowledge gaps related to pharmacological agents and the urgent need
for more effective treatment strategies in this population, discussed here are the efficacy, safety,
and clinical application of obesity pharmacotherapy in youth with obesity based on current
literature. Legal ramifications, informed consent regulations, and appropriate off-label use of these
medications in pediatrics are included, focusing on prescribing practices and prescriber limits.

Keywords

pediatric obesity; pharmacotherapy; medical-legal regulations; weight loss medications; children
and adolescents with severe obesity; bariatric surgery

INTRODUCTION

Purpose: Rationale for the Formulation of an Opinion Statement on the Use of Medications
to Treat Pediatric Obesity

An independent panel of 12 pediatric obesity medicine and obesity surgery specialists
identified an urgent and time-sensitive gap of evidence-based guidance on the clinical use of
obesity pharmacotherapy in adolescents. Until such a time when additional scientific
evidence is generated justifying the creation of clinical guidelines, this group of experts felt
it necessary to develop an initial clinical roadmap for the practical application of obesity
pharmacotherapy in pediatric tertiary care centers in the form of an opinion statement. The
paper, in essence, reflects the views of the authors. The overall goals were to build a
framework to (1) review published data about pediatric obesity pharmacotherapy (what is
known and what is not known); (2) have an intelligent, well-informed discussion regarding
the fact that, that though these medications are approved in adults, there are limited safety,
efficacy and follow up data in youth with obesity but that the consequences as well as risks
of obesity may outweigh the potentially unknown risks of medications in these youth; (3)
recommend that these obesity medications currently be used only by well-trained experts in
a team interdisciplinary environment with conscientious monitoring; and (4) advocate for
more research resources for pharmacological intervention trials in youth with obesity to
provide data for the use of these medications.

State-specific rules and regulations beyond routine standard of care on weight management
practices in adults and children were determined by contacting individual State Medical
Boards through either phone calls and/or email exchanges with the respective State’s
Department of Health prosecuting attorney or representative (Table S1).
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Currently, almost one out of five youth (18.5%) are afflicted with obesity (1) and 9.5% of
adolescents have severe obesity (BM1=120% of the 95™ percentile or =35kg/m?) (2).
Treatment of childhood obesity is complicated by its intricate and multifactorial etiology
with a myriad of contributing factors including but not limited to genetics, developmental
effects, fetal programming and epigenetics, environment, behavioral and psychosocial
issues, physical activity, medications, eating patterns, illness, and cultural and family norms
(3). Adolescent overweight and obesity are associated with deteriorating cardiometabolic
health, increased cardiovascular mortality, future disease burden into adulthood (4-7) and
strongly predict diabetes mortality up to the seventh decade (8). Furthermore, children and
adolescents with obesity have lower health-related quality of life compared with children
and adolescents with normal weight, a quality of life similar to those with cancer, (9) and
suffer from detrimental psychosocial stigmatization (10, 11, 12). Finally, obesity tracks
strongly from childhood to adolescence and later adulthood, and reversion from having
severe obesity to having moderate obesity or normal weight during childhood is rare (5, 13,
14).

Many studies show that only 2-15% of adolescents with severe obesity respond to lifestyle
modification therapy and achieve clinically significant and durable weight or BMI reduction
(15, 16, 17, 18, 19). Therefore, prompt recognition, evaluation, and treatment of obesity are
warranted, including swift initiation of intensive lifestyle intervention, with appropriate
application of pharmacotherapy and/or surgical modalities as needed. Pharmacotherapy and
metabolic and bariatric surgery (MBS) for youth with obesity fall under the domain of Stage
3 and Stage 4 Tertiary Care intervention respectively. In this staged approach,
pharmacological and/or MBS are further integrated with lifestyle modification in a stepwise
progression.

Reflecting an increased understanding of the underpinnings of the complex energy
regulatory pathways, there are now six Food and Drug Administration (FDA)-approved
medications for the indication of obesity in adults (orlistat, phentermine, phentermine/
topiramate extended-release [ER], lorcaserin, bupropion sustained-release [SR]/naltrexone
SR, and liraglutide)(20). Obesity medications are FDA-approved in adults (20) 18 years and
older (with the exception of orlistat (=12 years) and phentermine (>16 years)) for BMI =227
kg/m?2 with the presence of at least one obesity-related comorbidity such as hyperlipidemia,
sleep apnea, Type 2 diabetes mellitus, or hypertension or a BMI =30 kg/m? irrespective of
comorbidities. This major milestone in the development and recent approval of obesity
pharmacotherapy paves a pathway for potential future pediatric obesity clinical trials and the
burgeoning field of pediatric obesity medicine that is still in its infancy. Pharmacotherapy for
obesity in conjunction with lifestyle therapy has the potential to target physiological hunger,
cravings, appetite, and hedonic eating behaviors, and elicit weight loss through the
peripheral and central nervous systems, including reward-motivation pathways and executive
decision-making function, that control food intake and satiety through efferent and afferent
signaling cascades (20). However, long-term use, durability of effect, and safety profile
might prompt concerns especially when applied to the pediatric population for whom
treatment with pharmacotherapy is likely chronic. Therefore, determining overall risk/
benefit ratios can be an arduous task for the clinician particularly when no current consensus
or structured guideline exists for pediatric obesity pharmacotherapy. The rapidly growing
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number of youth with this serious and intractable chronic disease hastens the need for more
aggressive treatment including pharmacotherapy. Moreover, the therapeutic application of
obesity pharmacotherapy in pediatrics is not standardized across all practitioners though
there is consensus among pediatric obesity medicine specialists who routinely utilize
available adult FDA-approved obesity medications and recognize the benefits of treatment in
certain phenotypes of severe obesity, which has not yet been studied in clinical trials.
Consequently, we offer practical considerations regarding the responsible use of obesity
medications by trained pediatric obesity medicine specialists in pediatric obesity care
centers, taking into account existing evidence (unfortunately, currently limited), legal
ramifications, and pertinent prescriber and prescribing-related concerns, We also highlight a
revised and upaated clinical approach to the treatment of pediatric obesity (Figure 1).
Though we outline the difficulty in the treatment of pediatric obesity once the diagnosis has
been established, preventive measures to combat obesity cannot be understated.

The generally accepted measure for clinical screening of overweight or obesity in children
and adolescents is age and sex-adjusted body mass index (BMI) plotted on US Centers for
Disease Control & Prevention (CDC) growth charts (21, 22, 23). For the purposes of
classification and terminology (Table 1), “obesity” in children and adolescents is defined as
a BMI-for-age/sex =95th percentile but < 120% of the 95th percentile [Class | obesity], and
“severe obesity” is defined as a BMI-for-age/sex = 120% of the 95th percentile [Class Il or
higher; >35 kg/m?] (24). This terminology was derived as per Flegal et al. in 2009 where
extreme percentiles extrapolated from the Centers for Disease Control and Prevention
supplied-supplied lambda-mu-sigma parameters did not match well to the empirical data for
the 99th percentile(25). A better fit to the empirical data was obtained by using 120% of the
smoothed 95th percentile. Furthermore, because we offer obesity pharmacotherapy clinical
considerations in the context of adolescents, we define adolescence, according to the World
Health Organization definition (26) and the US Department of Health and Human Services
(27), for which adolescence is the period of development corresponding to the onset of
physiologically normal puberty and ending with adult identity and behavior, spanning the
ages 10-19 years. We also define intensive lifestyle modification therapy as per widely
accepted guidelines(24, 28, 29, 30) with the general aim of helping patients adopt healthier
eating habits, increase physical activity, and decrease sedentary time while changes are made
in stepwise progression and treatment (individual, group, and/or family-based) is intensified
if needed.

Measuring Clinical Efficacy of Obesity Pharmacotherapy in Pediatrics: % BMI
Reduction—*For children and adolescents, clinically meaningful weight loss based on
observational and interventional studies has been defined by some as a BMI z-score (or BMI
standard deviation, s.d.) reduction between 0.20-0.25 s.d. over 6-12 months. This degree of
BMI change has been associated with improvements in cardiovascular and metabolic risk
factors (31, 32, 33, 34). However, in children and adolescents with severe obesity, BMI z-
score correlates poorly to adiposity with wide variation associated with differences in age,
sex and racial influences (5, 35, 36, 37). Accordingly, alternative measures for monitoring
weight outcomes have been recommended including percent change in BMI and/or change
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in BMI percent of the 95! percent (35). A change in BMI z-score of 0.2 is approximately
equivalent to a 5% change in BMI. (Similarly, for adults, 3-5% weight loss is considered
clinically meaningful (20).)

RECOMMENDATIONS (Table 2)

Pediatric Weight Management Multidisciplinary Team

We recommend that prescription of FDA-approved or off-label use of obesity medications
be utilized with support of a trained pediatric multidisciplinary team and monitoring of both
treatment adherence and possible adverse events. The multidisciplinary team is also
responsible for comprehensive obesity assessment and treatment recommendations for youth
with obesity. Exclusions for obesity pharmacotherapy (for example, pregnancy) and
cautionary use (for example, as in children with growth deficiency, other endocrinopathies,
eating disorders, syndromes affecting bone health) may require astute clinical skills and
complex decision-making prompting consultation of a multidisciplinary weight team and
other specialists.

Team Member Qualifications

Team member qualifications for a pediatric weight management center are similar to those
required for adolescent MBS and are adapted from the American Society of Metabolic and
Bariatric Surgery (ASMBS) Pediatric Best Practice Guidelines (38).

Pediatric specialist The trained or certified pediatric provider will hold an American
Board of Pediatrics (or American Board of Surgery with Pediatric Surgery sub-
specialization) certification or appropriate Family Medicine or Nurse Practitioner or
Physician Assistant certification eligible to practice under State-mandated rules and
regulations. Currently, fellowship training and board certification in nutrition and in
pediatric obesity are lacking. Training in Pediatric Cardiology, Pediatric
Endocrinology, Pediatric Gastroenterology, Adolescent Medicine, Pediatric Surgery,
General Academic Pediatrics or General Pediatrics with a focus study area such as in
nutrition, lifestyles, motivational interviewing(39, 40, 41) and obesity represent the
most common routes to expertise in the field of pediatric obesity. Frequent and
continuing clinical care of patients with obesity, ongoing continuing medical
education in pediatric obesity medicine, scholarly work in obesity research or
education, and certification by entities such as the American Board of Obesity
Medicine or the American Board of Nutrition can enhance advanced understanding of
obesity. In general, these activities currently serve to designate experts in the field of
pediatric obesity care. Primary care and subspecialty pediatricians without this
expertise should refer to their colleagues with these skills and experience. Given the
extensive prevalence of obesity, protocols and guidelines should be developed in the
future wherein practitioners without expertise can be trained.

Registered dietitian: experience in treating obesity and working with children and
families as recommended by the Academy of Nutrition and Dietetics position
statement on pediatric overweight and obesity (42); specialty certification in obesity
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care is available for registered dietitians (www.cdrnet.org). Experience with patients
undergoing MBS may be preferable but not mandatory

Mental health specialist: psychiatrist, psychologist, or other qualified and
independently licensed mental health specialist or social worker with specialty
training in pediatric, adolescent, and family treatment and experience in treating
eating disorders and obesity; certification examination such as through the
International Association of Eating Disorders is suggested to enhance coverage for
mental health services. Professionals trained in intensive cognitive behavioral therapy
for obesity can effectively design and lead lifestyle modification programs.

Coordinator: registered nurse, social worker, or other team member with the
responsibility of coordinating the care for each child or adolescent and ensuring
implementation of treatment plan and follow-up.

Exercise physiologist, physical therapist, or other individual specially trained to
provide safe physical activity prescriptions to adolescents with severe obesity is
recommended but not required.

Collaboration with the metabolic and bariatric surgeon. pediatric surgeons who
specialize in metabolic and bariatric surgery (MBS) and/or adult bariatric surgeons
who choose to include the treatment of adolescents at their center by establishing a
comprehensive adolescent obesity program in accordance with current accreditation
guidelines put forth by the American College of Surgeons-Metabolic and Bariatric
Surgery Accreditation and Quality Improvement Program (MBSAQIP) are
recommended if such expertise is accessible, but not required for pharmaceutical
obesity therapy.

Patient Selection

BMI Criteria—Pharmacotherapy is often considered to be a lower risk and less invasive
form of therapy than surgical intervention in which a child may be exposed to risks of
anesthesia (43) and potentially other complications(44, 45). Established criteria for adult
obesity pharmacotherapy utilize a lower BMI threshold (BMI >27 kg/m? with at least one
obesity-related co-morbidity [such as the presence of diabetes, sleep apnea, hypertension or
hyperlipidemia] or BMI >30 kg/m? with or without comorbidity) than MBS. For MBS, the
adult criteria (BMI 35-39.9 kg/m? in the presence of serious comorbidities or when BMI is
=40 with or without comorbidity) are already recommended for adolescent indications (>120
of the 95! percentile or BMI =35 with comorbidity or >140% of the 95™ percentile or BMI
>40 with or without comorbidity) (46).

We propose similarly that for pharmacotherapy, the adult criteria should be modified for
pediatric indications; i.e. when BMI is in the obese range (= 95t percentile for age and sex
or BMI >30 kg/m? whichever is lower; Class | obesity) in the presence of at least one
obesity-related co-morbidity or in the severe obesity range (=120% of 95! percentile for age
and sex or BMI >35 kg/m? whichever is lower; Class Il and Class 111 obesity) irrespective of
the presence of co-morbidities. Of note, although adult clinical trials (20) studying obesity
pharmacotherapy have recruited patients in the BMI range of 27-45 kg/m?, the efficacy of
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these drugs may decrease with the clinical severity of BMI given the complex progression of
the disease state (47). Because no upper BMI threshold is mentioned for the practical
application of obesity pharmacotherapy, one should consider the initial BMI and long-term
goals to assess need for early involvement of a bariatric surgeon if MBS is likely needed,
especially in adolescents where BMI =120% of 95™ percentile with the presence of an
obesity-related comorbidity or 2140% of the 95 percentile with less severe comorbid
conditions (45, 48, 49, 50)

Age Considerations—With regard to age, there are currently no data defining a lower
limit for the application of pharmacotherapy or MBS in the pediatric population. The
European Medicines Agency (EMA) suggests that medication could be considered for
children with severe obesity as young as six years of age (51) and the 2018 adolescent MBS
guidelines adopted the lower limit of 10 years (46), consistent with the World Health
Organization (26) and the US Department of Health and Human Services definition of
adolescence (age 10-19 years) (27). Furthermore, FDA-approved obesity pharmacotherapy
is applicable to adults 18 years and older, which interestingly includes older ‘adolescents’ as
per World Health Organization definition. Specifically, two obesity medications (orlistat and
phentermine) are already FDA-approved in younger adolescents. Notably, there are
discrepancies in the definition of “adolescence” and the American Academy of Pediatrics
(AAP) strongly discourages the establishment of arbitrary age limits in pediatric care by
health care providers due to the multifaceted approach encompassing a child’s overall
physiological, physical, developmental, psychosocial, and mental health (52). Care delivery
must take into account the needs of the child and directs the provider to meet those needs. Of
note, particularly in cases involving younger patients, clinical decision-making and
consultation of a multidisciplinary team on risks:benefits ratio is paramount.

Intensive Lifestyle Therapy Considerations—Intensive lifestyle therapy (without
pharmacotherapy) can result in clinically meaningful weight loss in the short term in
younger children (<10-12 years) but older youth tend to respond less favorably to lifestyle
intervention and have higher onset of disease progression with the development of co-
morbidities (15, 16, 19, 53). Combining intensive lifestyle intervention with
pharmacotherapy may have enhanced synergistic or additive weight loss effects in patients
with obesity as demonstrated in obesity pharmacotherapy trials(20, 54, 55). We recommend
that documentation of previous (structured) attempts at lifestyle therapy upon initial
encounter is sufficient as proof of non-response to lifestyle alone prior to consideration of
obesity pharmacotherapy. It is understood that healthy behaviors and lifestyle modification
be continued in conjunction with pharmacotherapy or MBS.

Growth and Development Considerations—Obesity affects adolescent growth and
development (56, 57). In girls, higher BMI is associated with earlier menarche age (58). If
the medication being prescribed is known to interfere with normal pubertal progressions,
Tanner stage (sexual maturity rating) is a particularly relevant factor to consider (59), though
no lower limit of adolescent age is suggested unless evidence points to developmental risks
of specific agents being prescribed. Certainly there is a paucity of data with regard to obesity
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medications on pubertal development as well as long-term effects on developing adolescent
brain; further research and long-term studies are needed.

Clinical Decision-making—Clinical decision-making is required when benefits far
outweigh risks of obesity pharmacotherapy such as in an adolescent with several obesity-
related medical comorbidities and severe obesity. Clinical presentation of the patient is vital
in pharmacotherapeutic selection with dose titration for maximum benefit with minimal
adverse effects. The patient is assessed for potential safety concerns and followed closely
during the medical management visits. Obesity pharmacotherapy should not be initiated in
the setting of severe psychiatric disturbance, eating disorders such as bulimia, untreated
endocrinopathies, or with concomitant use of medications that have adverse interactions.
Furthermore, discontinuation or substitution of medications associated with weight gain with
weight-neutral alternatives before initiation of obesity pharmacotherapy is a critical
consideration. Because obesity is a chronic disease, long-term treatment and follow-up care
will be necessary (potentially life-long). One can expect rebound in weight and disease
pathology if treatment is discontinued. Patients and family members should be counseled on
the long-term use of obesity pharmacotherapy and disease chronicity along with lifelong
lifestyle modification.

Decision to Continue or Discontinue Obesity Pharmacotherapy—We also
recommend that the medication be continued if there is 25% BMI reduction from baseline at
12 weeks on the optimal dose or if arrest or slowing of weight gain is considered to be a
reasonable clinical outcome, especially as linear growth occurs in adolescence. The
medication should be discontinued if not tolerated by the patient or dangerous side effects
occur or persist despite dose adjustment. This algorithm is consistent with adult and
pediatric guidelines that recommend discontinuation of an obesity medication, at maximum
appropriate dose, if less than 5% weight loss/BMI reduction from baseline is achieved
within 12 weeks (60, 61, 62). When a medication or a combination is started, it can be
continued longer-term based on therapeutic benefit, improvement of psycho-social
comorbidities, tolerability, absence of or acceptable side effects, cardiovascular stability, and
minimal effects on growth development and neurocognitive function with monitoring.

Assessment and Safety—The initial medical encounter includes a thorough clinical
history and physical examination with documentation of Tanner stage, hemodynamics, and
anthropometric measurements. Eating behaviors and dietary intake, family patterns, cultural
cues, sleep hygiene & disorders screening, school history and psychological or
neuropsychiatric metrics are assessed. In addition to usual laboratory evaluation
recommended in the context of obesity(24), other laboratory assessments may be needed to
monitor for side effects related to a given pharmacotherapy. Close follow-ups are
recommended after the initial encounter. Pubertal stage, height, and weight, should be
serially measured at all follow up visits to monitor for disruptions in pubertal development
and linear growth. Because most obesity medications act through central nervous system
pathways that may disrupt or affect neuropsychiatric axis, cognition and mood should be
evaluated in the form of a clinical interview about school grades, concentration, memory and
worsening depression/anxiety at serial follow up visits. Standardized clinical tools to track
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these potential side effects also need to be developed in the future. Given greater suicidality
and depression risk among youth with obesity than of normal-weight youth, specific
medications that may precipitate suicide or depression occurrence (e.g. such as bupropion or
topiramate) also warrant uniform screening for these conditions upon the initial assessment
and during subsequent follow up visits (63).

Understanding Off-label drug use in Pediatrics—Off-label drug use involves the
prescription of medications for indications, or using a dosage or dosage form, which have
not been approved by the FDA. Off-label drug use is especially common in pediatrics, where
conducting clinical trials in this population might be challenging (64, 65, 66, 67, 68, 69).
More recently, in 2014, the AAP released a statement regarding off-label use of
pharmaceuticals in children (64): “Therapeutic decision-making must always rely on the
best available evidence and the importance of the benefit for the individual patient.” Since
obesity medications are FDA-approved for ages =18 years (with the exception of orlistat
age=12 years and phentermine age >16 years), prescription of obesity medications in youth
meeting patient selection criteria falls under the domain of off-label drug use. Because of
limited efficacy and safety data in children coupled with potential unknown side effects, we
caution off-label drug use in children. Though it is difficult to provide a generalized
statement supporting or not supporting off-label drug use in pediatric obesity, we provide
recommendations, based on our own combined clinical experience, in regards to off-label
use for specific medications as described in the pharmacotherapy section of this paper.
Oftentimes, off-label drug use in pediatric obesity depends on the clinical presentation, age,
medical comorbidities, family history, social history, etc. among other factors influencing
benefit/risk ratio and clinical decision-making.

Medical Malpractice: Informed Consent and Negligence—Previous legal claims
involving physicians due to adverse reactions related to off-label drug use have primarily
involved the use of a research drug (not yet FDA approved), failure to provide informed
consent for an off-label drug use, and medical negligence leading to direct harm to the
individual patient. To date, court systems have not mandated a formal informed consent
process for off-label drug use due to concerns about impingement of direct patient care and
impediments to communications along with unnecessary concerns or alarms elicited to the
individual patient and/or family members involved (65). We therefore recommend standard
informed consent (and assent) documentation within the electronic medical record
describing that 1) the conversation about off-label drug use occurred, 2) patient/family
member(s) understand risks/benefits, 3) description of potential major and minor drug side
effects reviewed, 4) confirmation of the absence of contraindications to the drug, 5)
appropriate follow-up care was advised, 6) the patient/family member(s) understand how to
reach the medical provider should questions or concerns arise, and 7) advise urgent medical
attention for emergencies including suicidal ideation and worsening depression. The clinical
care team must also recognize the youth’s cognitive, emotional, and social development and
take this into consideration when obtaining assent in the shared-decision making process.
Supplemental Online Table 1 outlines the various medical-legal concerns with respect to
individual State Medical Board rules and regulations surrounding weight management. Most
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States follow standard of care, with specific statutes and bylaws in some States. Obesity
practitioners must understand and follow their respective State’s rules and regulations.

Available Pharmacotherapy (FDA-approved and Off-Label Drug Use for
Obesity in Pediatrics)

Evidence for obesity medications in children is limited in scope due to the relatively small
number of clinical trials conducted and small number of participants included in many of the
trials; recent meta-analyses and systematic reviews have reported overall minimal or no
benefit of obesity pharmacotherapy in children (62, 70). However, an obesity specialist is
well-trained in the clinical application of obesity pharmacotherapy for successful therapeutic
benefit (20). Furthermore, patient criteria, obesity phenotype, contraindications and side
effect profile must be considered when selecting specific agents for a pediatric patient. Table
3 provides a summary of the efficacy, safety and clinical insights into the application of
FDA-approved adult obesity medications and off-label drug use of specific highly utilized
medications in the pediatric obesity population.

FDA-Approved Obesity Medications in Pediatrics

Orlistat (FDA-approved for treatment of obesity =12 years of age); mechanism of action:
pancreatic and gastric lipase inhibitor

Efficacy: In a recent pediatric meta-analysis (31) involving 779 adolescents ages 12-18
years with baseline average BMI 37.4 kg/m?2, there were small BMI differences between
orlistat and placebo groups: —0.94 (95% ClI, —1.58 to —0.30) to —0.50 (95% CI, -7.62 to
6.62), with absolute weight changes ranging from +1 to —12 Ibs. with orlistat. The largest
randomized-controlled trial evaluating orlistat combined with a hypocaloric (30% fat
calories) diet, exercise, and behavioral therapy in adolescents (n=352; also included in the
above meta-analyses) showed a —2.61 kg placebo-subtracted weight loss at one year after
treatment (p<0.001)(54).

Safety: Gastrointestinal adverse effects were quite common with orlistat use: abdominal
pain or cramps (16-65% of participants vs. 11-26% placebo), flatus with discharge (20—
43% vs. 3-11% placebo), fecal incontinence (9% vs. 0-1% placebo); changes in glucose,
insulin, and lipid profile were not statistically significant in adolescents with obesity (54,
71). Rare but serious associations of hepatic and renal illness with orlistat use have been

described in the product brochure (72).

Additional Insight: Orlistat is also available over-the-counter in a lower dosage
formulation. A multivitamin is recommended with orlistat use due to increased risks of fat-
soluble vitamin and mineral deficiencies. Due to little cardiometabolic benefit, expense and
adverse tolerability in adolescents attending school where bathroom privileges may be
limited, orlistat is not considered a first-line drug for the treatment of pediatric obesity as
monotherapy.
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Effects on pubertal development or puberty: Based on data from several human
studies, treatment with orlistat for one year does not appear to affect pubertal development
or the expected increase in lean body mass during puberty (73). Longer-term studies are
needed to understand the effects of orlistat on pubertal development.

Phentermine (FDA approved for age >16 years for short-term treatment (often interpreted as
12 weeks but unspecified on the label) based on 1959 labeling which has not been updated,
off-label drug use for obesity when used in age <16 years or long-term as monotherapy;
combination therapy with phentermine/topiramate extended-release is FDA-approved for
chronic weight management in adults); mechanism of action: sympathomimetic amine,
releases catecholamines from hypothalamus, insignificant dopamine release

Efficacy: A small retrospective chart review compared adolescents (mean age 16.1+1.3
years) treated with phentermine 15mg once daily plus lifestyle modification therapy (n =25)
to lifestyle modification therapy alone (n=274)(55). The study found a —4.1% BMI
reduction at 6 months (95% Cl: -7.1, —1.0%; ,0=0.009) with phentermine plus lifestyle
modification therapy compared to lifestyle therapy alone with no changes in baseline
systolic or diastolic blood pressure readings (55). This is comparable to an adult study that
found —5.1% weight loss at 28 weeks with phentermine 15mg once daily monotherapy (74).

Safety: In the same retrospective study, though no changes were elicited in baseline blood
pressure measurements in the treatment arm, heart-rate was higher at all time points in the
phentermine group compared to lifestyle modification therapy alone for adolescents (55).
Phentermine is a sympathomimetic which can cause increases in heart rate, blood pressure,
nervousness and/or insomnia. Adverse effects can also include dizziness, dry mouth,
difficulty sleeping, irritability, nausea/vomiting, diarrhea and constipation. Phentermine is
contraindicated in patients with cardiovascular disease, hyperthyroidism, glaucoma, history
of drug abuse, or women who are pregnant. Phentermine should not be used while taking,
and for 14 days after stopping, a monoamine oxidase (MAO) inhibitor because of the risk of
hypertensive crisis (20).

Additional Insight: Phentermine is a Class IV controlled substance and state bylaws and
statues should be followed. Baseline electrolytes, kidney function, blood pressure
measurements, and heart rate need to be assessed in adolescents along with screening for
congenital heart disease or other cardiac pathology such as family history of sudden death,
Wolff-Parkinson-White syndrome, and newly auscultated murmurs; obtain cardiology
clearance if concerns arise prior to phentermine prescribing as there have been case reports
of myocardial infarction when taking phentermine (75, 76).

Off-label drug use: Off-label drug use documentation along with consent for treatment
from the patient’s parent or guardian is recommended.

Effects on pubertal development or puberty: The effects of phentermine on pubertal
development in humans are not known.
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Non-FDA Approved Medications for Obesity but with Pediatric Evidence

Metformin (FDA approved for =10 years of age for Type 2 diabetes, off-label drug use for
other indications); mechanism of action: mainly activation of activated protein kinase

Efficacy: In a meta-analysis (n=616) comparing the use of metformin versus placebo for
weight loss as part of pediatric obesity or endocrine clinics (baseline BMI of 36.0 with
metformin dose ranging from 1-2 g per day), metformin treatment reduced BMI zscore
(-0.10 [95% Cl, —0.17 to —-0.03] and BMI (-0.86 [95% CI, —1.44 to —0.29])(31).

Safety: The medication in the same meta-analysis was well tolerated with minimal
discontinuation rates (<5%), with no reported cases of lactic acidosis and hypoglycemia in
children (31). Commonly reported side effects are usually gastrointestinal including
bloating, diarrhea, and flatus. Metformin-associated lactic acidosis is quite rare with
incidence estimated to be 3-10 per 100,000 person years (77) and there are a few cases
reports of rhabdomyolysis in the literature although quite rare (78).

Additional Insight: Metformin is usually a first-line medication in a patient with insulin
resistance, prediabetes or metabolic syndrome given the minimal safety concerns and
tolerability. Though the meta-analyses showed only a small reduction in excess weight in
youth, metformin has been effective for weight regain related to anti-psychotic medications
(79) in non-diabetic children (-4.1% weight reduction, 95% CI 2.2—6.0) (80), and in adults,
for weight gain related to mood disorders, steroid-exposure, stress-eating, and emotional
eating related to cognitive dysfunction, possibly related to aberrant insulin signaling,
inflammation, and glucocorticoid activity which may be emanated by iatrogenic causes (81).
Metformin is extensively utilized for polycystic ovarian syndrome treatment with or without
obesity diagnosis in children and adolescents with improvement seen on lipid profile,
hirsutism, and weight loss (82, 83, 84).

Off-label drug use: Off-label drug use documentation along with consent for treatment
from the patient’s parent or guardian is recommended.

Effects on pubertal development or puberty: Effect of metformin on pubertal
development is unknown.

Topiramate (FDA approved for the treatment of epilepsy =2 years of age and migraine
prophylaxis in =12 years old; causes weight loss in adult obesity trials; combination obesity
medication phentermine/topiramate extended-release is FDA approved for chronic weight
management in adults. Mechanism of action is possibly through modulation of various
neurotransmitters, including the inhibition of voltage-dependent sodium channels, glutamate
receptors and carbonic anhydrase and the potentiation of y-aminobutyrate activity; off-label
drug use for obesity treatment and also binge-eating disorder in adults)

Efficacy: A small randomized, placebo-controlled pilot clinical trial evaluating topiramate
in 30 adolescents ages 12—17 years with severe obesity (BMI =120% of the 95™ percentile
or BMI = 35 kg/m?) showed a 2% BMI reduction on 75mg topiramate at 6 months which
did not reach statistical significance compared to placebo following a short-term (1 month)
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meal replacement phase (=1.9%; 95% CI: —5.2% to +1.5%; P = 0.291). Significant
improvements in visceral fat and very-low-density lipoprotein cholesterol were observed in
the topiramate compared with the placebo group (85). Another study, a retrospective chart
review examining the effect of topiramate 75mg once daily dosing for at least 3 months plus
lifestyle intervention on BMI reduction in adolescents with severe obesity (n= 28; mean age
15.2 +/- 2.5 years, mean baseline BMI 46.2 +/- 10.3 kg/m?2) found clinically meaningful
-4.9% BMI reduction (95% CI:-7.1, —2.8; P< .001) with no significant adverse effects (86).

Safety: In both trials, there were no concerning changes in neurocognitive function with
low dose topiramate in adolescents (85, 86). Of the 28 patients in one of the trials, only 2
experienced paresthesia (86). Adult clinical trials using combination therapy with
phentermine/topiramate ER reported paresthesia, depression and anxiety as common side
effects most likely related to the topiramate component of the combination (20). The drug is
a teratogen with potential to cause cleft palate and/or lip during first trimester of pregnancy.
It might also decrease the efficacy of oral contraceptives though less likely at dosages
<200mg/day (20). Adolescents must be strongly counseled against pregnancy with effective
contraception in place; a monthly urine pregnancy test in all adolescents is recommended.

Additional Insight: Topiramate has documented efficacy in eating disorders, including
binge-eating (87, 88, 89, 90), and weight regain post-bariatric surgery (91). Topiramate can
cause reversible cognitive and psychiatric dysfunction as well as metabolic acidosis.
Adolescents with fatigue, sleep disturbances, worsening school performance need to be
evaluated for possible cognitive side effects related to topiramate. Quick withdrawal may
prompt seizures in children and thus gradual titration downwards for discontinuation is
recommended.

Off-label drug use: Off-label drug use documentation along with consent for treatment
from the patient’s parent or guardian is recommended.

Effects on pubertal development or puberty: Topiramate affects BMI, weight,
insulin, leptin, and adipocytokine levels in pre-pubertal children (92). The effect on puberty
is unknown.

GLP-1 Receptor Agonists (exenatide, liraglutide):

Exenatide (FDA approved for Type 2 diabetes mellitus in adults; off-label drug use in <18
years of age; mechanism of action: glucagon-like-1 receptor (GLP-1) agonist)

Liraglutide (3.0mg dosing FDA approved for obesity in adults; off-label drug use <18 years
of age for patients; mechanism of action: glucagon-like-1 receptor (GLP-1) agonist)

Efficacy (Exenatide): In a small randomized, controlled, crossover trial of 12 adolescents
and children (9-16 years of age) with severe obesity, 3 months of treatment with exenatide
plus lifestyle modification therapy significantly reduced BMI (1.7 kg/m2, [95% CI -3.0,
-0.4], P = 0.01), body weight (=3.9 kg, [95% CI -7.11, -0.69], p=0.02), and fasting insulin
(=7.5 mU/I, [95% CI -13.71, —-1.37], p=0.02)(93). In another randomized, placebo-
controlled clinical trial of 26 adolescents (ages 12—19 years) with severe obesity followed by
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a 3 month open-label extension, treatment with exenatide elicited a greater reduction in
percent change in BMI compared with placebo (-2.70% [95% CI, —5.02% t —0.37%]; p=
0.03) and body weight (-3.26 kg [95% ClI, —5.87 to —0.66 kg]; p= 0.02); during the open-
label extension, BMI was further reduced in those initially randomized to exenatide
(cumulative BMI reduction of 4%)(94). Pooled-data (n = 32 [mean age 14.3 £ 2.2 years;
69% female; mean BMI 39.8 + 5.8 kg/m?) from these near identical trials showed an
absolute BMI reduction of —=3.42% [95% CI —5.41, —1.42] compared to placebo at 3 months
(95).

GLP-1 agonists may have some role in syndromic obesity such as Prader-Willi syndrome
(PWS) though more robust studies are needed. A 6 month open-label, non-randomized,
longitudinal study recruited 10 patients (13-25 years) with PWS and placed them on
diabetes dosing exenatide without dietary modification. Though appetite scores and
hemoglobin Alc decreased significantly after treatment, weight and adiposity were
unaffected with no significant changes in ghrelin (96).

Safety (Exenatide, liraglutide): GLP-1 agonists such as exenatide and liraglutide have
been associated with pancreatitis on post-marketing surveillance reports though this
association has not been statistically significant or clearly evident (20). GLP-1 agonists have
also been associated with acute renal failure and worsening of chronic renal failure,
sometimes requiring hemodialysis and thus are not recommended in severe renal
impairment, or end-stage- renal disease and should be used with caution in renal transplant
patients (97, 98). Newer extended-release formulations such as dulaglutide have a better
safety profile in renal impairment (99). GLP-1 agonists are not recommended in patients
with severe gastrointestinal disease such as gastroparesis (97, 98, 99, 100). GLP-1 agonists
are contraindicated in patients with a family or personal history of medullary thyroid
carcinoma or patients with multiple endocrine neoplasia Type 2 (MEN2) (20) syndrome
(100). In adolescent trials, compliance with the injection regimen was excellent (=94%) and
exenatide was generally well-tolerated (the most common adverse event was mild nausea in
36% followed by vomiting, headache, abdominal pain and diarrhea)(93, 94, 95). Though the
safety and tolerability of newer GLP-1 agonists such as dulaglutide and semaglutide have
not been assessed in adolescents, these preliminary adolescent studies provide support for
safety, tolerability, and feasibility of GLP-1 agonists in this patient population.

Safety and Tolerability (Liraglutide): A randomized, placebo-controlled, double-blind
study to assess safety, tolerability, and pharmacokinetics of liraglutide 3.0mg in adolescents
(12-17 years of age, Tanner staging 2-5; n=21; BMI 295 percentile for age-and-sex [BMI
>30 kg/m? to <45 kg/m?) was recently completed (101). Adolescents were randomized (2:1)
to receive 5 weeks of treatment with liraglutide (0.6 mg with weekly dose increase to a
maximum of 3.0 mg for the last week; [n = 14] or placebo [n = 7]). The most common
adverse events associated with liraglutide 3.0mg dose were gastrointestinal (abdominal pain,
nausea, vomiting, and diarrhea). Twelve hypoglycemic episodes occurred in 8 patients while
2 similar events occurred in a patient in the placebo group. Participants did not have
symptoms and need assistance from another person; the hypoglycemia was found only
during routine glucose monitoring(102, 103). Liraglutide had a similar safety and tolerability
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profile compared with adults when administered to adolescents with obesity, with no
unexpected safety/tolerability issues. Results suggest that the dosing regimen approved for
weight management in adults may be appropriate for use in adolescents(101). Further
studies evaluating the efficacy of liraglutide in the adolescent population are currently on-

going.

Additional Insight: GLP-1 agonist therapy has potential for weight loss and weight
stabilization in patients with syndromic and hypothalamic obesity with hyperphagia. In
patients with hypothalamic obesity as a result of tumor or trauma injury, exenatide therapy
may help stabilize weight and increase satiety (104). GLP-1 agonist therapy is frequently
considered next in line for patients with poorly controlled Type 2 diabetes mellitus and
obesity in conjunction with metformin and intensive lifestyle modification (60). Because
insurance coverage for GLP-1 agonists may be limited in adolescents, especially for newer
GLP-1 agonists, older generic analogs such as exenatide are more likely to be covered in
some states for adolescents with Type 2 diabetes mellitus.

Off-label drug use: Off-label drug use documentation along with consent for treatment
from the patient’s parent or guardian is recommended.

Effects on pubertal development or puberty: The effects of GLP-1 agonists on
puberty are unknown.

FDA Approved Medication for Eating Disorder (Non-FDA Approved for Obesity) but with
Pediatric Evidence

Lisdexamfetamine (FDA-approved for attention deficit hyperactivity disorder [ADHD] in
children =6 years and adults, and binge-eating disorder in adults. Not FDA-indicated for
weight loss treatment in either children or adults; mechanism of action: dopamine agonist)

Efficacy (children, likely normal weight, with ADHD in the study): In a controlled
trial of children ages 6 to 12 years being prescribed lisdexamfetamine for ADHD, mean
weight loss from baseline after 4 weeks of therapy was —0.9, -1.9, and —-2.5 pounds,
respectively, for patients receiving 30 mg, 50 mg, and 70 mg (vs. +1 Ib. weight gain placebo)
(105). In adolescents ages 13 to 17 years, mean weight loss from baseline to endpoint was
-2.7, 4.3, and —4.8 Ibs., respectively, for patients receiving 30 mg, 50 mg, and 70 mg of
lisdexamfetamine over 4 weeks (vs. +2.0 Ib. weight gain placebo)(105).

Safety: Careful follow up of children who received lisdexamfetamine for over 12 months
had a temporary slowing in growth rate (on average, a total of about 2 cm less growth in
height and 2.7 kg less growth in weight over 3 years), without evidence of growth rebound
during this period of development (105). Sudden death has been reported in children and
adolescents with structural cardiac abnormalities and other serious heart problems taking
amphetamines at recommended doses for ADHD. Avoid use in patients with known
structural cardiac abnormalities, cardiomyopathy, serious heart arrhythmia, coronary artery
disease, and other serious heart problems. Central nervous system (CNS) stimulants cause an
increase in blood pressure (mean increase about 2—4 mm Hg) and heart rate (mean increase
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about 3—-6 bpm). CNS stimulants can also provoke pre-existing psychiatric disorders and
psychasis, delusions or hallucinations in children and adolescents with no prior mental
illness. Post-marketing reports have also associated lisdexamfetamine with Raynaud’s
phenomenon in adults (105).

Additional Insight: Because lisdexamfetamine is FDA-approved lower than age 10 years,
it may be a beneficial option in younger children 26 years of age with ADHD and binge-
eating disorder. Though it is approved for binge-eating disorder in adults, it is not approved
for the same indication in children in the absence of an ADHD diagnosis. Long-term safety
of amphetamines has been studied in the pediatric population with concerns for
developmental growth retardation and careful monitoring for cardiac arrhythmias. Treatment
of children and adolescents who have impulsive behaviors such as impulsive excessive food
intake as a manifestation of their ADHD may find benefit from lisdexamfetamine or other
ADHD medications in achieving healthier eating behaviors. Given the history of abuse
potential of amphetamines in the past coupled with potential adverse psychiatric side effects,
caution is advised if used for the long-term treatment of obesity. In youth with obesity or
binge eating disorder, regardless of an ADHD diagnosis, there is limited data, if at all,
reporting potential benefits with lisdexamfetamine use.

Off-label drug use: Off-label drug use is not recommended at this time.

Effects on pubertal development or puberty: Animal studies have demonstrated that
amphetamine drug exposure during different development stages such as peri-pubertal vs.
pre-pubertal result in distinct neurobehavioral abnormalities (106, 107).

FDA-approved Obesity Medications With No Pediatric Evidence

Lorcaserin—This medication is a 5-hydroxytryptamine receptor 2C agonist that acts on
anorexigenic proopiomelanocortin (POMC) neurons in the hypothalamus.

Efficacy: Lorcaserin, is FDA-approved for the chronic treatment of obesity in adults (20).
However, there are no pediatric outcome data available with regards to lorcaserin. Adult
clinical trials have demonstrated 3% placebo-subtracted weight loss from baseline (20).

Safety: No aadverse cardiovascular safety signals have thus far emerged with lorcaserin,
from the large cardiovascular safety tria108). Common adverse effects of lorcaserin
reported in clinical trials are headache, dizziness, fatigue, nausea, dry mouth and
constipation. Lorcaserin should not be prescribed concurrently with a serotonergic
medication due to the risk of serotonin syndrome (20).

Off-label drug use: Off-label drug use documentation along with consent for treatment
from the patient’s parent or guardian is recommended.

Effects on pubertal development or puberty: The effects of lorcaserin on pubertal
development in humans are not known.
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Naltrexone SR/bupropion SR (NB)—This medication blocks opioid receptor-mediated
POMC autoinhibition (naltrexone) and selectively inhibits reuptake of dopamine and
noradrenaline (bupropion, an antidepressant), and it is FDA approved for the chronic
treatment of obesity in adults (20). NB has shown benefit in patients with obesity with
addiction behaviors, reward pathways, and hedonic drive. Though there are no pediatric
outcomes data available with regards to obesity for NB, naltrexone and bupropion
monotherapy have been used for other indications in children. Adult clinical trials have
demonstrated 4.8% placebo-subtracted weight loss from baseline for NB on the highest
optimal dose (20).

Safety: Common adverse effects of NB reported in clinical trials are transient nausea during
the dose escalation period, constipation, headaches, vomiting, dizziness, and dry mouth (20).
NB did not increase rates of depression and suicidal ideation more than placebo in the
clinical trials (20). Though monotherapy with bupropion has been utilized in adolescents
(ages 12-17 years) for depression, with weight loss noted as a side effect in a majority of
patients (109), caution is needed as bupropion, as with other antidepressants, may increase
risk of suicidal ideation in children, adolescents and young adults (110). Therefore, NB
carries a black-box warning in regards to increased suicidal risk and ideation in young adults
and is not approved for pediatric patients (110). Of note, bupropion monotherapy has not
been FDA-approved for the treatment of depression or other condition in youth.

Additional Insight: Limited pediatric data are available for naltrexone monotherapy.
Naltrexone monotherapy has been studied for opioid drug use in adolescents (ages 13 years
and older)(111) and PWS for appetite reduction (112) since the 1980s, although long-term
safety has not been established in the pediatric population. There is one case-report in the
literature of using NB combination therapy for PWS in a 13-year old girl with small
reduction in BMI and improvements in hyperphagia (113).

Off-label drug use: Off-label drug use documentation along with consent for treatment
from the patient’s parent or guardian is recommended.

Effects on pubertal development or puberty: The effects of naltrexone and bupropion on
pubertal development in humans are not known. In an animal study, bupropion did appear to
alter pubertal onset (114). On the other hand, naltrexone effects on puberty have been
studied. In female rat models, naltrexone has been shown to advance first ovulation through
changes in pituitary responsiveness to luteinizing-releasing-hormone (115). One human
study demonstrated a more sensitive luteinizing hormone surge in pubertal boys than
prepubertal sexually immature boys after chronic one month exposure of naltrexone (116).
Another study found no effect on puberty in boys with confirmed bone age 10-15 years
when given naltrexone for one month (117).
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New FDA-Approval Pending for Pediatric Obesity

Setmelanotide (FDA approval pending for monogenic obesity; mechanism of
action: melanocortin-4-receptor [MC4R] agonist)

Efficacy: Setmelanotide is currently being evaluated for the treatment of the following
genetic disorders of obesity: POMC deficiency obesity, LepR deficiency obesity, Prader-
Willi syndrome, Bardet-Biedl syndrome, Alstrom syndrome, POMC heterozygous
deficiency obesity, and POMC epigenetic disorders. In an investigator-initiated, open-label
study, two patients with POMC deficiency were treated with setmelanotide with a
sustainable reduction in hunger and substantial weight loss (51.0 kg after 42 weeks in
Patient 1 and 20.5 kg after 12 weeks in Patient 2)(118).

Safety: Dry mouth, mild induration at injection site, and darkening of skin nevi were
notable adverse affects. There were no increases in blood pressure, with improvements in
both heart rate and blood pressure in one of the patients (118).

Additional Insight: Setmelanotide provides promise for rare genetic obesity disorders
which should be considered in children with hyperphagia, early adiposity rebound, and
severe obesity at a young age.

Effects on pubertal development or puberty: The effects of setmelanotide on pubertal
development in humans are not known.

Off-label drug use: Off-label drug use is not recommended at this time.

CONCLUSION

Childhood and adolescent obesity is already a global epidemic and poses significant health
risks. As adolescent obesity often leads to obesity in adulthood and is already accompanied
by a multitude of weight-related comorbidities including an increased risk for cardiovascular
disease and certain types of cancers, treating obesity in children/adolescents should not be
delayed. As an adjunct to intensive lifestyle therapy and MBS, the potential role of
pharmacotherapy in the treatment of pediatric obesity should not be ignored and may
represent a useful additional option for some patients who suffer from obesity. Additionally,
in clinically severe obesity, pharmacotherapy may play a larger role as adjunct to MBS (91).
This therapeutic need highlights the value of experienced pediatric obesity medicine
specialists at tertiary care centers and yet presents challenges as clinical trials evaluating
long-term safety and efficacy of obesity medications remain scant in the pediatric
population. Emphasis needs to be placed on the concurrent development of appropriate,
high-quality, well-designed pediatric obesity clinical trials to validate the use of medications
for obesity in adolescents. Moreover, there exists a great need to develop specialized
pediatric obesity medicine training programs, applicable protocols, screening tools, and
guidelines to further advance the burgeoning field of pediatric obesity medicine.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What is known about this subject?

. There is a rise in severe obesity in children and adolescents.

. There is an emerging population of adolescents “stuck” in between lifestyle
modification therapy and bariatric surgery for which obesity pharmacotherapy
may be helpful.

. There is limited evidence for the safety and efficacy of pediatric obesity

pharmacotherapy. Practitioner guidance is needed regarding how adult safety
and clinical considerations might apply to youth with severe obesity.
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What does this study add?

. A group of pediatric obesity medicine and surgery specialists provide
guidance on current best practices for the use of obesity medications in the
pediatric population.

. It is hoped that this opinion piece on pediatric obesity pharmacotherapy will
be followed by accumulating clinical trials data and ultimately formal
recommendations on the clinical use of medications to treat pediatric obesity.
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Figure 1. Proposed Clinical Approach to Obesity Treatment for Adolescents with Obesity.
Progress through algorithm as clinically required for a patient with risk factors/ready to

make change. Start with family-based therapy (can encompass basic education to more
intensive therapy based on resources, time constraints, and psychosocial support) followed
by microenvironment-targeted therapy with the help of ancillary services such as a dietitian,
exercise specialist, nutritionist, and therapist if initial therapy is unsuccessful. Modifiable
micro-environmental factors (20), such as nutrient signaling, muscle activity, sleep, stress,
circadian rhythm, and iatrogenic causes (weight promoting medications which are frequently
prescribed (60)), influence neuro-hormonal pathways affecting food intake and satiety. Prior
to more aggressive intervention, these factors should be assessed and altered if perturbing
the physiology leading to excess body fat accumulation. This may include physician and
ancillary team evaluation providing more intense structure to weight management and
medical evaluation with assessment of health targets and cardiovascular risk factors (usually
prompting a corresponding AAP Stage 2-3 referral for intervention (24)). If
microenvironment-targeted therapy fails, the option to add on adjunctive obesity
pharmacotherapy falls under the domain of corresponding AAP Stage 3-4 intervention,
either preceded or followed by MBS (corresponding to AAP Stage 4 intervention). Because
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obesity is a life-long disease, patients often may experience weight regain post-bariatric
surgery and continue to need aftercare more closely especially in the adolescent population.
As a result, they should continue to resume aftercare and may require lifestyle and/or
combination pharmacological intervention later on in life.
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Table 1.

BMI-for-age/sex percentile Classification in Pediatrics’

Underweight (<5th percentile)

Normal weight (5th to <85th percentile)

Overweight (85th to <95th percentile)

Obesity class 1 (95th percentile to <120% of the 95th percentile)

Severe obesity class 2 (120% to <140% of the 95th percentile or BMI 35.0 to <40.0 kg/m?)
Severe obesity class 3 ( = 140% of the 95th percentile or BMI = 40.0 kg/m?)

J'Skinner AC, Perrin EM, and Skelton JA. Prevalence of obesity and severe obesity in US children, 1999-2014. Obesity 2016.
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Table 2.

Criteria for Obesity Pharmacotherapya'b Initiation in Adolescents’

(1) Multidisciplinary team recommended

(2) BMI 295t percentile (or BMI 230 kg/m? whichever is lower), plus the presence of at least one obesity-related comorbidity; OR BMI 2120%
of 95t percentile (or BMI =35 kg/m? whichever is lower), irrespective of co-morbidity

(3) No upper BMI threshold for initiation of pharmacotherapyl

(4) Documentation of previous lifestyle therapies or attempts at initial medical encounter sufficient as proof of prior lifestyle intervention®

(5) Tanner stagez_'g: no lower limit unless evidence suggests developmental risk of specific agent being prescribed

(6) Criteria for bariatric surgery are met, yet operation is not appropriate or possible at this time or medications are recommended as adjunct
therapy

(7) Continuation of medication(s) if there is 2% BMI reduction from baseline at 12 weeks on the optimal dose or arrest or slowing of weight
gain is considered a reasonable clinical outcome; medication(s) should be discontinued if not tolerated by the patient or if dangerous side effects
occur or persist despite dose adjustment

a . I T . - . . . . . .
Exclusion criteria and contraindications may require astute clinical skills and complex decision-making prompting consultation of a trained
multidisciplinary team.

b‘Definition of adolescence age varies: World Health Organization (10-19 years); US Department of Health and Human Services (10-19 years),
American Academy of Pediatrics (11-21 years)

Of note, exceptions may apply in select cases involving younger patients where clinical decision-making and consultation of a multidisciplinary
team on risks: benefits ratio is necessary.

However in cases of severe clinical severity such as a BMI >120th of g5th percentile with at least one comorbidity or >140th of g5th percentile in
the absence of comorbidity, one should consider the long term goals and initial BMI in order to involve a bariatric surgeon early if surgery is likely
also needed.

In select cases, exceptions may apply where clinical decision-making may be necessary in the case of serious health compromise (such as
moderate-severe obstructive sleep apnea AHI >15 events/hr, pseudotumor cerebri, poorly controlled Type 2 diabetes mellitus) related to severe
obesity that warrant more emergent intervention.

3'Tanner stage 4-5 is advisable, though clinical judgment should be utilized on an individual patient basis if benefits outweigh the risks of

treatment. Clinical decision-making may be required when benefits far outweigh risks of obesity pharmacotherapy. Effects of obesity medications
on puberty and tanner staging are largely not known.

Obesity (Silver Spring). Author manuscript; available in PMC 2019 August 01.



Page 32

Srivastava et al.

1surebe
SISOPIOE Ol 0gEIsU Pa3sunoa A1abins ouyeLIeq s)npe ul
syuow ‘uonounysAp arrelyaAsdoinau aq 1SN ; el :
€ 1589 10 ‘sainzias ayeydioaid ued sluadsajope uwom %_wwmm_h «Mm“om.,w b_wmmw %woucm%%ﬂmwc_&
98 J1oy Ajrep Bwgy lemeipyim pides ‘ewoone|f -o1usbolela) P .mmcmn c_mocs.“cm. %EL_Q%MEEEEH@ slapiwisue104nau arewedo]
arewrelido} aInso|9 a|Bue Arepuodas pue ‘sisoploe niasn ‘susned LONELIAWOD 'SIeak SNOLIBA JO UOIR[NPOW * ’
uo %6'v— 40 | eidoAw ainoe ‘Ayredojeydasus J1joqeIaW I w_:m_.vwa m:m 21< wmcmso._m_ ucm.wag
uononpay 1Ng Pue eluowLesadAY yim 'sau0)s Asupiy Jnpe ui ssoj JuBrom 2< Asdayida Jo Juswuyesn
wistjogelaw Jo S10443 uloqul ‘uonounysAp : : :
aAnuboD
Bunes
Jeuonows/Burea
ssals ‘ureb ybram
umou| 10 : y
98'0- :abeis Ev_cﬂ_m_w_. padnput UOREDIPIN
Ie IING PUe 0T'0 SISOpIo® 21108| uo s19843 nue wﬁ_m_%mmwm snyijjaw sajeqelp ARemyyed uILIoRaI
— uononpal “1se43u09 01 Joud s1y 8y PIoH ERITET T T onoqEew 2 adAL oy sieak 012 aseuny| utaoid Jo uoleAnoe *
81095-Z |ING “eayLielp . wB.w_nm_no d
Buneoiq :3s ‘30UB)SISal
uljnsul ‘awoJpuAs
ueLieAQ 91ISA9A|0d
(suweajwexapsi| ‘apnniBedl| ‘spireusxs ‘srewe.idol ‘uiwaosw) A L1IS390 Y04 A3 LVYIIANI-vAd LON
umous| 10N
:abe)s Jauue]
Uo S)ay3
Aujigera Kia1jes pasealoap Sinpe u Aissgo
‘Agixue “abuny ‘eaude 40 uawirean wis) buoy 1oy
syuow sajels pajenle ‘ewoone|h ‘asn BUILASION doals ‘sares ABlauo panoidde y3 arewelidol
GG 918 9T - JO Bnup aAnoe ‘wsiplolAyradAy 'onednsuod >“6 1M AYIS3G0 JaulwIuayd uoleuIqUod aulwe onaswiwoyledwAs aulwJaauayd
uononpay IINgG aseasIp Je|nasenolpsed FA I R d -Burjaqe| 656T
eluwosul ul [e1o1yausq ‘wsy UO paseq WIa1-1IoUs
‘yinow -Buoj Jo sieak “ ”
Aip ,wamma ! 91> 10} sJeak 9T < A1ISaq0
poojq ‘ajel Heay
U1 sasealoul
g,Pau0dal suoN
:obe1S Jauue|
AT 1R B9 C- uo sjoe3
. sso] yBram SISL1S3|0Y9 ‘QWO0IPUAS Aouaiolap Jonqiyul
TLvs pajoeagns uondiosgejew o1u0Iy9 |eJaulW/uIWeNA PIIEJIPULION sreak z1< Ausaqo asedi| onsel pue oreasoued ERIIO
-ogaoe|d ‘eayrelp
‘sjo01s Anods
AJ10 ‘aous|niely
(surwasiuayd ‘1e3st|40) A3AOYddV-vad
‘Jod ©lep sswooIno | sbuluaepn/SUOIIRIIpUIRIIU0D 19943 9pIS asn Bnuq [90el-4O | uonealpul vad reuiblio uo119Y JO WISIUBYIBIN aweN bnig

sso| 1yBram
1U32S3|0pY

uone|ndod aLeIPad 8y} Ul $s07 IYBISAA 10§ SUOIEIIPBIAl PaqLIdsald  Ajuowwo) pue parciddy uonesnsiulwpy Bnia pue pood Jo Arewwng

Author Manuscript

‘€ 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

Obesity (Silver Spring). Author manuscript; available in PMC 2019 August 01.



Page 33

Srivastava et al.

S0T

YEENY
 19A0 9sop
Buwo. yum

'Sq| 8'y— sem
duI|aseq Woly
sso| 1yBram
ueaw ‘dnolb
abe sieak /T
—€T U] ‘seam
¥ J9n0 3sop
Buwo. yum 'sqj
G'Z— SeM SSO|
1yb1am ueaw
‘dnoub abe
sleak zT-9 u|

syuabe 216.18u010.3s

O 8SN UY)IM dWOIPUAS
u1u0}0JaS ‘s, pneuAey se

yons Ayredojnasen [esaydiiad
‘ymnoub Jo uoissaiddns
‘suonoeal asianpe dLeIyaAsd
‘saseaoul ayel ueay

pue ainssaid poojq ‘yresp
UBPPNS Se YyaNns suoljoess
1e|NJSeAOIPIEd SNOLIaS

10 uoleINew
1oedwi
Ajanrebau

Aew yoym
pouad jeuagnd
-11ad U0 10849
Ayonsejdoinau
umoys aney
SaIPNIS [eLIUY
:abe)s Jsuue]
RSEETTE]
Buniwon pue
‘ured Jeuiwopge
Jaddn ‘easneu
‘eluwiosul
‘Annge
‘yinow

Aip ‘ssauizzip
‘eay.relp ‘ybram
pasealoap
‘aladde
pasealdap
‘Aaixue
‘eIxaloue

‘19pJosip Buies
-abuiqg Jo Ansago
pue dHAV yum
uaJp|1yo 1abunoA

10} [e191jauUsq

S)Inpe U1 Jspiosip

Bunes-abuiq Jo asn wuay
-Moys ‘(QHAV) Jepiosia
AnanoessdAH noyeg
uonuaNY Joy sIesk 9< abe

ueINWNS
WaSAs SNOAJBU [BA)USD

§OUILEIOJUIEXPSIT

10T

Burob-uo sperL

9seasIp | 8I9nss
“quawuredwi jeuas ‘siiyeasoued
:spodas Bunaysew-isod

uMoU| 10U
:obe1S Jauue|
[SKETTE]
eIWa2A|BodAy
Jenusyod
‘eayLielp
‘Buniwon
‘easneu

‘ured Jeuiwopge
:[eunsajulonseS

abe Jo sieak gT>

s)npe ul sa)eqelp g adAL
10} panoidde (ez01dIN)

apnnjBedi ‘synpe

u1 A11saqo 1oy panoidde

Buisop (epuaxes)
Bwoe apnniGesr

1siuobe-|d19

. apaniBelr

§G6-€6

syuow
€1e 9%ct'e-JO
uononpsy INg

aseasIp | 8I9Aas
‘quawiredwi Jeuas ‘siiyeasoued
:suodas Buneyew-isod

umouy| Jou
:abe)s Jsuue]
ORSEETTE]

asedi|

pue asejAwe
Jnealsoued

10 UoneAs|s
‘ured Jeuiwopge
‘Buniwon
feasneu ‘Buneolq

(o1woupuAs
‘olweeyodAy
‘sajaqelp

10 douasaid yum
o1uabAjod) Ausago
10} abe Jo sIesh gT>

s)npe ul

sniljaw salagelp g adAL

1stuoBe T-d4719

. 8pneuax3

Jeajoun
:obe1S Jauue|
uo s1983
sanndaoenuod
|elo Jo Aoediye
Ul 9sea109p

Jo Aoueubaid

‘J3d

BIEP SAWO02INO0
sso] 3yBram
JUB3S3|0PY

sBuiusepn/suonedIpUIRIU0D

S103443 9pIS

8sn BnuQ sael-40

uoneslpul vad reulblio

U029V JO WSIUBYIBIA

aweN bnig

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2019 August 01.

ring). Author manuscript

Obesity (Silver Sp



Page 34

Srivastava et al.

J1apJosip-Buiies Joy paquosaid Ing ‘A11S8qo JO JusLIIEaI) Y} 10} PaYRdIPUI YA 10

N

3

A1S800 Y1IM S1U80S3|0pE 10} SIspIAcid pautes Ag paqriosaid Ajuowiwod Ing ‘A11Seqo 4o Juawiess) 8y 1o} payesIpul a4 10N
¥

SY9aM
laye Jayioue
w—_ mv_%a o uMouy| 10N
pue Jusied suo abe1s Jauue] UaJIp|Iyd pue s)npe
Ul S599M ZT ainssaid poojq pue ayes Uo S)o8y3 TEL Ul A11saqo a1uaBouow
81T Jaye 65 0z- wwwﬁw_m%ﬂ%ﬂ__m ﬁwcwmumm%m 10 m_h,_ﬂwh_ L_m_w se &cm__gwm % %M__mmm 10} Buipuad jenoidde | 1siuobe 101dadal-y-uljiodouR B aploue|aWILS
850 1yB1am 1189y [2INJONIIS Ul 9SN UONNED ‘an1s uonaalul aq [11m Bnup ‘auoN Va4 Ausaqo ousbiouow
[enuelsgns 2 UoReNpUI 10} sjel € aseyd
pue Jabuny plIW ‘YInowAIp
u1 uonanpay :
a|qeurelsns
(opnoueawiss) TYAOHddVY-vad M3IN ONIANId
umous| 10N
uolyeap! pue ybnoy [epIoins ”mmmww %%m:m._. uoneapI (uoidoudnq)
sIeak gT> 10} u1 8sealoul ‘ewoane|f ainsojd eaULEID * 5%& enIoINS mmm.m:om. auljeusipelou pue auiwedop Jo
a|qe|reAe jou a|Bue ‘asn piordo o1u0Iyd ML ..M:F%c_ ! J.o. p _ sHnpe ul Ajsago | axeldnal Jo uolIgIyuI 9AND3I8S uoidosdng/auoxalifeu
0c Blep SAW02IN0 10 Joyo9Je aA19® ‘BlLIIING P P %.w__u_m_w_ww_w\,w 10 Juswieas) wia) Huoj pue (suoxalijeu) uonigiyut ds uol a/ I
pue Ajajes 10 BSOAJBU BIX3JOUR ‘SBINZISS “ayoepe um z.:m U E_ Eco -0Ine DINOd palelpaw
uoisuapadAy pajjosuooun ‘wonednsuo : -10)dadal-pioido jo abexoo|q
‘easneu
uMouy| J0N
:abe1s Jauue|
aseasip Leay Je|nAjeA RSEETTE]
10 SuBIS YiIm snuiuoasip sajaqelp
s1eak 81> 10} ‘sjuafe o1bisuiwredopnue ynm sjuaiyed
a|qe|ieAe Jou 10 21613U01043S ur ybnoo ‘ured A1saqo yum synpe ul AJIsago 1s1uobe Oz ULI8seoI07
0c Blep SAWO09IN0 13410 YIIM palalsiuiwpe 3oeq ‘ayoepesy abe Jo sieak gT> 10 Juawiyeas] wia) buoj 101da281 aulweldLAXoIpAH-G :
pue Ajajes -09 UBYM 3WOIPUAS ‘uoirednsuod
a1 Jueubijew ondajoinau ‘yinow
10 8WOIPUAS UIUO]0IS Aip ‘anbiyey
‘ssaulzzip
‘ayoepeay
(4s uordoadng/euoxalifeu ‘ulIssed40]) V1VA D1 1VIA3d ON
* J0T-g07584N10NNS
ureiq
‘Jod Blep SAWO02IN0 | sBuluIeAA/SUOIIRIIPUIRIIUOD 109443 apIS asn BnuQ 1agel-4O | uonesdipul va4 feuibluo U019V JO WISIUBYISIN aweN bniqg

sso] 3yBram
JUB3S3|0PY

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2019 August 01.

ring). Author manuscript

Obesity (Silver Sp



	Abstract
	INTRODUCTION
	Purpose: Rationale for the Formulation of an Opinion Statement on the Use of Medications to Treat Pediatric Obesity
	Definitions
	Measuring Clinical Efficacy of Obesity Pharmacotherapy in Pediatrics: % BMI Reduction


	RECOMMENDATIONS (Table 2)
	Pediatric Weight Management Multidisciplinary Team
	Team Member Qualifications
	Patient Selection
	BMI Criteria
	Age Considerations
	Intensive Lifestyle Therapy Considerations
	Growth and Development Considerations
	Clinical Decision-making
	Decision to Continue or Discontinue Obesity Pharmacotherapy
	Assessment and Safety
	Understanding Off-label drug use in Pediatrics
	Medical Malpractice: Informed Consent and Negligence


	Available Pharmacotherapy (FDA-approved and Off-Label Drug Use for Obesity in Pediatrics)
	FDA-Approved Obesity Medications in Pediatrics
	Efficacy:
	Safety:
	Additional Insight:
	Effects on pubertal development or puberty:
	Efficacy:
	Safety:
	Additional Insight:
	Off-label drug use:
	Effects on pubertal development or puberty:

	Non-FDA Approved Medications for Obesity but with Pediatric Evidence
	Efficacy:
	Safety:
	Additional Insight:
	Off-label drug use:
	Effects on pubertal development or puberty:
	Efficacy:
	Safety:
	Additional Insight:
	Off-label drug use:
	Effects on pubertal development or puberty:

	GLP-1 Receptor Agonists (exenatide, liraglutide):
	Efficacy (Exenatide):
	Safety (Exenatide, liraglutide):
	Safety and Tolerability (Liraglutide):
	Additional Insight:
	Off-label drug use:
	Effects on pubertal development or puberty:

	FDA Approved Medication for Eating Disorder (Non-FDA Approved for Obesity) but with Pediatric Evidence
	Efficacy (children, likely normal weight, with ADHD in the study):
	Safety:
	Additional Insight:
	Off-label drug use:
	Effects on pubertal development or puberty:

	FDA-approved Obesity Medications With No Pediatric Evidence
	Lorcaserin
	Efficacy:
	Safety:
	Off-label drug use:
	Effects on pubertal development or puberty:

	Naltrexone SR/bupropion SR (NB)
	Safety:
	Additional Insight:
	Off-label drug use:
	Effects on pubertal development or puberty:


	New FDA-Approval Pending for Pediatric Obesity
	Setmelanotide (FDA approval pending for monogenic obesity; mechanism of action: melanocortin-4-receptor [MC4R] agonist)
	Efficacy:
	Safety:
	Additional Insight:
	Effects on pubertal development or puberty:
	Off-label drug use:



	CONCLUSION
	References
	Figure 1.
	Table 1.
	Table 2.
	Table 3.

