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Abstract

Despite the increasing number of medications recently approved to treat obesity among adults, few 

agents have been formally evaluated in children or adolescents for this indication. Moreover, there 

is a paucity of guidance in the literature addressing best practices in regard to pediatric obesity 

pharmacotherapy clinical trial design, and only general recommendations have been offered by 

regulatory agencies on this topic. The purposes of this article are to: 1) offer a background of the 

current state of the field of pediatric obesity medicine; 2) provide a brief review of the literature 

summarizing pediatric obesity pharmacotherapy clinical trials; and 3) highlight and discuss some 

of the unique aspects that should be considered when designing and conducting high-quality 

clinical trials evaluating the safety and efficacy of obesity medications in children and adolescents. 

Suggestions are offered in the areas of target population and eligibility criteria, clinical trial 

endpoint selection, trial duration, implementation of lifestyle modification therapy, and 

recruitment and retention of participants. Efforts should be made to design and conduct trials 

appropriately to ensure that high-quality evidence is generated on the safety and efficacy of 

various medications used to treat pediatric obesity.
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Pediatric Obesity Medicine: Commentary on the State of the Field – Why We 

Need More and Higher-Quality Pharmacotherapy Clinical Trials

The prevalence of pediatric obesity remains excessively high. In the United States (U.S.), 

approximately 32% and 17% of children ages 2-19 years old are afflicted with overweight 

Address for Correspondence: Aaron S. Kelly, Ph.D., Departments of Pediatrics and Medicine, University of Minnesota Medical 
School, 420 Delaware St. S.E., MMC 715, Minneapolis, MN 55455, Phone: 612-626-3492, kelly105@umn.edu. 

Disclosures: None of the other authors have disclosures.

HHS Public Access
Author manuscript
Int J Obes (Lond). Author manuscript; available in PMC 2017 August 07.

Published in final edited form as:
Int J Obes (Lond). 2016 July ; 40(7): 1043–1050. doi:10.1038/ijo.2016.69.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



and obesity, respectively.(1) Perhaps more concerning is the rapid rise in prevalence of severe 

obesity, defined as having a body mass index (BMI) 20% above the 95th BMI percentile or 

BMI ≥35 kg/m2.(2) Severe obesity, which affects nearly 6% of children and adolescents in 

the U.S.,(1) is associated with serious medical and psychosocial comorbidities including, but 

not limited to, hypertension, dyslipidemia, arterial stiffness, endothelial dysfunction/

activation, myocardial dysfunction, elevated levels of inflammation and oxidative stress, 

insulin resistance, impaired glucose tolerance, obstructive sleep apnea, musculoskeletal 

problems, non-alcoholic fatty liver disease, and psychosocial problems such as depression 

and anxiety.(2;3) Although evidence suggests that lifestyle modification therapy may be 

modestly-effective in addressing severe obesity in younger children, outcomes among 

adolescents have been generally poor.(4-7) In fact, one large study reported that only 2% of 

teens with severe obesity were able to achieve and maintain clinically-meaningful weight 

loss with lifestyle modification therapy alone.(4) This highlights the need for a more-

intensive approach, likely involving adjunctive treatments, to improve the management of 

this chronic and refractory disease in those for whom lifestyle modification therapy is 

insufficient as a single strategy.

Severe obesity notwithstanding, the field of pediatric obesity management (within the 

context of research and clinical care) has focused almost exclusively on interventions 

targeting how the individual with obesity engages with the external environment (i.e., 

lifestyle modification/behavioral therapy). When disappointing results are observed, many 

draw the conclusion that these individuals with obesity are not adhering to behavioral 

recommendations closely enough and need to “try harder.” Conceptually, this assumption is 

overly-simplistic because it ignores the biological underpinnings of obesity (i.e., the internal 
physiological environment) and is counter to the mounting evidence demonstrating that 

obesity is a complex and multifactorial disease, which demands a multifaceted treatment 

approach.(8) Energy balance is dictated by physiological homeostatic and non-homeostatic 

mechanisms, both of which can be dysregulated in the context of obesity. Homeostatic 

mechanisms promote increased food intake and decreased energy expenditure when energy 

reserves are depleted and are heavily influenced by gut hormones and neurotransmitters. 

Non-homeostatic mechanisms, the biology of which is less well-elucidated, involve reward, 

cognition, and emotional factors related to eating. Effectively targeting these internal 

physiological pathways with biologically-based treatments in affected individuals with 

obesity may enhance weight loss and maintenance.

Furthermore, although short term weight reduction may be achievable, long term weight loss 

maintenance is more elusive for many individuals owing to numerous biological adaptations 

occurring in the post-weight loss setting. These include neuroendocrine changes involving 

appetite and satiety, and reduction of energy expenditure.(9-11) Specifically, following a loss 

in body weight, peripheral and central mechanisms respond in a way similar to starvation by 

conveying a sense that energy reserves have dwindled, activating a strong counter-response 

to increase caloric intake.(10) Moreover, metabolic rate decreases, further compounding the 

propensity for weight rebound.(9) These counter-regulatory adaptations persist for at least 12 

months following initial weight loss and may be permanent.(11) In short, many individuals 

with obesity face an unrelenting uphill battle against biological forces that favor weight gain/

regain.
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Based upon this line of evidence, it is reasonable to conclude that changing how an 

individual with obesity engages with the external environment in a sustainable fashion is 

extremely difficult without also directly changing the internal environment. Therefore, 

effective and durable treatment approaches for many individuals with obesity will 

necessarily involve the combination of lifestyle modification therapy, which is primarily 

focused on training the individual on how to engage with the external environment, with 

medication(s), device therapy, and/or bariatric surgery, which are primarily focused on 

altering the internal physiological environment. Any of these treatments (lifestyle 

modification therapy, pharmacotherapy, device therapy, bariatric surgery) deployed in 

isolation is likely to fail in most individuals, at least over the long-term. Pharmacotherapy, 

the focus of this report, is one example of a biologically-based treatment that can be used as 

an adjuvant to lifestyle modification therapy to target the homeostatic and non-homeostatic 

mechanisms of obesity and potentially improve long-term weight loss outcomes.

Despite the potentially important role of pharmacotherapy in the treatment of obesity and the 

increasing number of obesity medications recently approved for use among adults, few 

agents have been evaluated in children or adolescents for this indication. Before 

pharmacotherapy can be routinely recommended for the treatment of pediatric obesity, high-

quality clinical trials assessing the safety and effectiveness of various agents must be 

conducted. The next section provides a brief review of the literature summarizing the 

relatively small body of work performed to date in the area of pediatric obesity 

pharmacotherapy. Then, in an effort to address the paucity of guidance in the literature and 

limited scope of recommendations offered by regulatory agencies regarding pediatric obesity 

clinical trials,(12) the final section of this article discusses unique issues and offers 

suggestions regarding the design and conduct of trials of obesity medications in children and 

adolescents (note that broad topics applicable to all types of clinical trials are not discussed 

here). It is hoped that this document may spur the development of future guidelines and 

stimulate higher-quality research in the area of pediatric obesity pharmacotherapy by clinical 

investigators and industry.

Review of the Literature

In 2013, Sherafat-Kazemzadeh et al.(13) published a comprehensive and detailed systematic 

review of clinical trials evaluating pediatric obesity pharmacotherapy (we also direct 

interested readers to other reviews and meta-analyses, which describe outcomes of pediatric 

clinical trials of obesity pharmacotherapy(14-17)). Here, we provide an update of that review 

by briefly highlighting the pediatric studies reported in the interim and discuss obesity 

medications recently approved for adults that will soon be evaluated in pediatric clinical 

trials. In addition, we provide a table summarizing the features and outcomes of some of the 

key pediatric trials of the most widely-studied and commonly-used agents to treat obesity 

(Table 1).

Metformin

Since publication of the Sherafat-Kazemzadeh et al. review,(13) two additional pediatric 

metformin trials have been reported. The first included 66 children and adolescents (ages 
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7-18 years old) with obesity who were randomized in an open-label fashion to treatment 

with lifestyle modification alone or lifestyle modification plus metformin (1,000 mg per day 

for those <12 years old; 2,000 mg per day for those ≥12 years old) for six months.(18) 

Compared to the control condition, metformin significantly reduced BMI (-1.3 kg/m2 

control-subtracted difference) and waist circumference. However, metformin did not reduce 

markers of inflammation or thrombosis compared to the control group. The second trial 

included 151 children and adolescents (ages 8-18 years old) with obesity who were 

randomized to either metformin (1,500 mg per day) or placebo for six months.(19) Compared 

to placebo, metformin significantly reduced BMI (-1.07 kg/m2 placebo-subtracted 

difference) and BMI standard deviation score (-0.1 SDS units placebo-subtracted 

difference). There were no statistically significant differences between groups at six months 

for any of the cardiometabolic risk factors measured in the trial (glucose, insulin, blood 

pressure, lipids, liver enzymes, and adipokines).

Exenatide

Recently, our group conducted a pilot clinical trial evaluating the weight loss effectiveness 

of the glucagon-like peptide-1 receptor agonist (GLP-1RA) exenatide in youth with severe 

obesity.(20) During the three-month randomized, placebo-controlled phase of the trial, 

exenatide elicited a greater reduction in percent change in BMI (-2.70% [95% CI, -5.02% to 

-0.37%] placebo-subtracted difference; P=0.03) and absolute BMI (-1.13 kg/m2 placebo-

subtracted difference) compared with placebo. BMI was further reduced (cumulative 

reduction of -4%) during the ensuing three-month open-label extension. The most common 

adverse events were gastrointestinal related, all mild-moderate and transient, with no 

participants withdrawn owing to symptomatology.

Pediatric Pipeline

Since 2012, four new obesity medications have been approved by the FDA for use among 

adults: lorcaserin (selective serotonin receptor agonist), the combination of phentermine 

(norepinephrine reuptake inhibitor) and topiramate (unknown mechanism(s)), the 

combination of naltrexone (opioid receptor blocker) and bupropion (dopamine reuptake 

inhibitor), and high dose (3 mg) liraglutide (GLP-1RA). Placebo-subtracted weight loss at 

one year with these agents ranges from approximately 3-10% (for details about the safety 

and efficacy of these medications in adults, readers are referred to Yanovski and 

Yanovski).(21) Manufacturers of these medications plan to perform pediatric trials, which are 

slated to begin within the next few years. Although the obesity medicine pipeline appears to 

be strong and growing, the pace of pediatric evaluation is slow. Indeed, since the publication 

of the Sherafat-Kazemzadeh review in 2013,(13) few pediatric obesity trials have been 

reported. Research in this arena could be bolstered through additional funding from the 

National Institutes of Health (and other funders) and a commitment from the manufacturers 

to accelerate the pace of pediatric development and evaluation of their products.
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Clinical Trial Considerations

Target Population and Eligibility (see suggestions in Table 2)

In determining the target population for pediatric obesity pharmacotherapy clinical trials, 

one must balance the risks of medication use (chronically and potentially life-long) against 

the liabilities of persistent obesity. As such, factors to consider include age, severity of 

obesity, pubertal maturation, and the presence or absence of co-morbid conditions. 

Concurrent use of weight altering medications also should be considered. While not covered 

in this document, it should be noted that children with rare genetic causes of obesity (e.g., 

Prader-Willi, Bardet-Biedl syndromes) or with endocrinologic disorders (e.g., Cushing's 

syndrome or hypothyroidism) should be studied in separately-designed clinical trials, which 

is in line with recommendations from the European Medicines Agency (E.M.A.)(22)

Age and Pubertal Maturation—The E.M.A suggests that medication could be 

considered for children with severe obesity as young as six years of age.(22) Evidence 

supporting this view is mixed. Lifestyle modification therapy (without pharmacotherapy) 

can elicit clinically-meaningful weight loss in the short- to medium-term in young children 

(<10-12 years old); however, long-term weight loss maintenance is difficult to achieve.(23-25) 

Of particular concern are adolescents older than 12 years of age, who tend to respond less-

favorably to lifestyle modification therapy (vs. younger children) and are more likely to have 

co-morbidities.(2;4-7) From this standpoint, 12 years of age might be a reasonable threshold 

for inclusion in pharmacotherapy clinical trials (at least for initial studies) because this 

population is often at the highest level of risk and most likely to benefit from weight 

reduction medication owing to limitations of lifestyle modification as a singular treatment. 

Furthermore, it should be recognized that separate trials of older and younger children 

should be performed owing to the unique cognitive and developmental features of children 

vs. adolescents and different lifestyle modification therapy strategies that might be utilized 

(e.g., a greater degree of parental involvement for younger children). The upper age limit for 

inclusion in pediatric obesity clinical trials is often set at 18 years old but has varied widely, 

and the U.S. Food and Drug Administration (F.D.A.) has offered different definitions of 

pediatric eligibility in numerous guidance documents (not specifically pertaining to pediatric 

obesity). Using a cutoff of 18 years old is logical considering adult obesity pharmacotherapy 

clinical trial protocols typically state that individuals ≥18 years old are eligible to enroll. 

Improved clarity on this issue from the regulatory agencies would be beneficial.

Although previous pediatric obesity pharmacotherapy clinical trials have used Tanner stage 

as an eligibility criterion, it may not be particularly relevant considering inclusion should be 

based on potential risk/benefit ratio of the pharmacotherapy. Unless reasonable evidence 

suggests a potential developmental risk is associated with a specific medication, Tanner 

stage should probably not be used as an eligibility criterion; rather, it should be evaluated 

throughout the trial as a safety endpoint (see below). It may be useful to stratify 

randomization by Tanner stage and sex (and potentially evaluate outcomes by these factors) 

to avoid large imbalances between groups in linear growth velocity and other factors 

associated with pubertal maturation that may impact changes in BMI.
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Co-Morbid Conditions—The F.D.A. recommends that initial obesity pharmacotherapy 

trials include participants with BMI ≥95th percentile and ≥1 weight-related co-morbid 

condition; and, once a satisfactory risk/benefit profile has been established in that group, 

studies of lower-risk individuals can be considered (http://www.fda.gov/downloads/Drugs/

Guidances/ucm071612.pdf). In contrast, the E.M.A. recommends that trials include 

participants with obesity (defined by BMI z-score) regardless of the presence of co-morbid 

conditions.(22) Owing to the lack of consensus regarding what constitutes a co-morbid 

condition in childhood and often insufficient evidence from which to determine the risk/

benefit balance, both positions seem reasonable. One argument for broader inclusion is that, 

as a disease, obesity is serious enough to warrant treatment with pharmacotherapy even 

when co-morbidities are not present. Moreover, effective treatment of obesity early in life 

may offer the opportunity for prevention of co-morbidities.(26) And, it is conceivable that 

some healthcare providers might utilize pharmacotherapy to treat youth with obesity in the 

absence of co-morbidities. Therefore, it seems prudent to include these participants in 

clinical trials (and potentially stratify randomization on select co-morbidities) since they 

represent a patient population that might receive these therapies in the clinical setting. 

Finally, decisions of whether to include this “lower-risk” population without co-morbidities 

in a given clinical trial could also be influenced by the specific agent(s) under investigation 

(e.g., degree of safety concern based on adult trials and/or juvenile animal toxicology 

studies).

Upper BMI Threshold—Some obesity pharmacotherapy clinical trials in youth have 

excluded potential participants with very high BMIs (e.g., BMI >44 kg/m2 in the large trials 

of orlistat and sibutramine).(27;28) Indeed, there is a growing prevalence of youth with very 

high BMI(1) and it is possible that, in general, these individuals may respond differently to a 

given intervention compared to those with less severe forms of obesity. However, rather than 

excluding potentially-eligible participants based upon an arbitrary upper BMI threshold, an 

alternative option is to conduct pre-specified sub-analyses within baseline BMI strata, 

perhaps likely combined with stratified randomization on such groups. This approach would 

make enrollment easier (by widening the recruitment pool) and increase the generalizability 

and clinical relevance of the findings while allowing for differential effects between BMI 

categories to be identified.

History of Bariatric Surgery and Concurrent Use of Obesity Pharmacotherapy 
or other Weight Altering Medications—For most obesity pharmacotherapy trials, 

individuals who have undergone bariatric surgery should be excluded (separate studies could 

be performed for individuals who have regained weight after surgery). Similarly, concurrent 

use of obesity pharmacotherapy should be an exclusion criterion for most trials (a washout 

phase could be utilized but the time period needs to be well-justified) owing to uncertainties 

regarding the weight loss trajectory of the concurrent medication and unknown interactions 

of the agents when used in combination including overlapping, additive, or synergistic 

effects. However, it is not uncommon for many potentially-eligible participants to be using 

other medications, which may have modest weight altering effects, for treatment of co-

morbidities or other conditions. Examples of these medications include selective serotonin 

reuptake inhibitors, atypical antipsychotic medications, stimulants, insulin, metformin, and 
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hormonal contraception. Researchers should strive to strike a balance between a “clean” 

evaluation of obesity pharmacotherapy and the need for generalizability. One strategy is to 

include participants who have been on a stable dose of a weight altering medication for a 

minimum period of time and demonstrate relative weight neutrality prior to enrollment.

History of Weight Loss Attempts—The F.D.A. and E.M.A. recommend that 

potentially-eligible participants should have a documented history of a failed weight loss 

attempt via lifestyle modification therapy before enrolling in an obesity pharmacotherapy 

clinical trial. In fact, the E.M.A. guidelines require a 3 to 6-month run-in period consisting 

of only lifestyle modification therapy to ensure that the risks associated with medical 

management are justified.(22) However, utilizing such a design can influence the subsequent 

efficacy assessment in the randomized, placebo-controlled phase of the trial since even 

modest weight loss (an amount less than the designated threshold defined as being 

“successful”) and/or risk factor improvements achieved during the run-in period could mask 

the benefits of the medication under study. Given the challenges of defining what constitutes 

a failed attempt (unclear in the F.D.A. guidance) and considering the relatively modest 

amount of weight loss associated with lifestyle modification therapy as a single treatment 

modality in many youth,(23;24) particularly among adolescents with severe obesity,(2;4-7) this 

recommendation appears to lack empirical support and should be reevaluated. Similarly, a 

placebo run-in period, typically used as an assessment of medication adherence and 

compliance to the trial protocol, is not recommended because of the selection bias it 

introduces (i.e., selecting individuals most likely to comply with the treatment regimen), 

thereby limiting generalizability, and the difficulty in comparing results with trials that do 

not include this design feature.

Clinical Trial Endpoint Selection (see suggestions in Table 3)

Primary Endpoint Selection—The choice of primary outcome should be influenced by 

the following considerations (in order of importance): 1) clinical relevance (interpretability); 

2) an endpoint the treatment is expected to affect, and 3) statistical precision. When 

evaluating the efficacy of weight loss medications for potential approval among adults, the 

F.D.A. has outlined two standard benchmarks. The first is a mean placebo-subtracted weight 

loss of at least 5% and the second is ≥35% of participants in the active medication group 

experiencing 5% or greater weight loss, which should be at least double that of the placebo 

group.(29) No clear guidance exists regarding appropriate pediatric benchmarks. In 2007 the 

F.D.A. offered some insight by recommending that primary efficacy endpoints for pediatric 

trials should include the mean percent change in BMI and the proportion of participants 

achieving ≥5% BMI reduction from baseline (http://www.fda.gov/downloads/Drugs/

Guidances/ucm071612.pdf).

Despite virtually universal agreement about the need to use BMI-based vs. body weight-

based metrics in pediatric obesity studies owing to growth and development, there is no 

consensus on which BMI-based metric is most appropriate. There are many from which to 

choose, including, but not limited to: absolute BMI, percent change in BMI from baseline, 

BMI percentile, BMI z-score (or standard deviation score), BMI percent above the 95th 

percentile, BMI sympercent (the percentage difference from the 50th BMI percentile based 

Kelly et al. Page 7

Int J Obes (Lond). Author manuscript; available in PMC 2017 August 07.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.fda.gov/downloads/Drugs/Guidances/ucm071612.pdf
http://www.fda.gov/downloads/Drugs/Guidances/ucm071612.pdf


on the natural log scale), and percent over BMI (percentage above the 50th BMI percentile). 

Historically, some of the large pediatric obesity clinical trials (e.g., sibutramine(27) and 

orlistat(28)) used absolute change in BMI from baseline as the primary endpoint. However, 

one drawback of using change in absolute BMI is the difficulty in interpreting results when 

there is a large range of baseline BMI values. BMI percentile can be problematic because of 

the ceiling effect at the 99th percentile, that is, many eligible subjects spanning a range of 

BMI would all have nearly identical BMI percentiles. Although recommended as the 

primary endpoint of choice by the E.M.A.,(22) the BMI z-score is difficult to interpret in the 

clinical setting, suffers from a similar ceiling effect as BMI percentile, and is not ideal 

because the data set on which the scores were developed had few data points at the extremes. 

Therefore, relatively large absolute weight reductions in youth with severe obesity 

correspond to small changes in the BMI z-score.(30) BMI percent above the 95th 

percentile(2;31) provides a flexible means by which to track changes in BMI status over time 

among youth with severe obesity.(32) However, changes are not as easy to interpret as other 

endpoints, which may diminish its clinical usefulness. Neither the BMI sympercent(33;34) 

nor percent over BMI(35) appear to have a clear advantage over the use of BMI percent 

above the 95th percentile at least in terms of interpretability.

Endpoints based on percentiles or z-scores are also sex- and age-specific. As such, the same 

change in BMI is not counted the same for two individuals differing by sex and/or age. 

While a similar argument can be made about absolute change from baseline versus percent 

change for individuals differing in baseline BMI, the differential treatment of change in BMI 

is viewed more favorably as it only depends on the baseline BMI and not also on sex and 

age. If change in BMI should be larger for those with higher BMI at baseline, then 

percentage from baseline will incorporate that and be preferred while absolute change will 

not. It is unclear whether the change in BMI associated with meaningful clinical impact 

would be best represented through a measurement that is differential across sex and age 

rather than baseline BMI alone.

Other potential primary endpoints include body fat and anthropometric measures such as 

waist circumference and waist-to-hip ratio. The primary argument against the use of body fat 

as a primary endpoint for clinical trials is that many of the methods are expensive, 

uncomfortable for the participant, unreliable, and are not often used in the clinical setting. 

Therefore, results of trials using body fat as the primary endpoint would have limited 

application in the clinical setting in terms of measurement and tracking. Waist circumference 

and waist-to-hip ratio are not ideal primary endpoints owing to the high amount of 

measurement variability and error, particularly in youth with severe obesity.(2) Measurement 

and reporting of body fat and anthropometric variables within the context of clinical trials 

should be encouraged (e.g., as secondary endpoints – see below); however, it seems sensible 

to use a BMI-based metric as the primary endpoint in clinical trials because it is easy to 

obtain, interpretable, and has clinical utility.(36)

Consistency and uniformity in the use and reporting of standard endpoints is crucial to the 

advancement of the field of pediatric obesity medicine. Primary and secondary endpoints 

should be clearly delineated and pre-specified. Considering all of the above, it seems 

advisable to use percent change in BMI from baseline as the primary endpoint in pediatric 
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obesity clinical trials. Until consensus is reached regarding which endpoint(s) should be 

utilized, erring on the side of reporting more vs. fewer endpoints is suggested, including 

absolute change in BMI, change in BMI z-score, and the proportion with ≥5% and ≥10% 

BMI reduction from baseline (although separate, dedicated studies should investigate 

whether this degree of weight loss is associated with clinically-meaningful improvements in 

risk factors and co-morbidities as has been established in adults - in terms of body weight 

reduction). Most of these endpoints are intuitive, easy to interpret, and translatable to the 

clinical environment. Consistent reporting of these endpoints in all pediatric obesity clinical 

trials (including studies of lifestyle modification and bariatric surgery) would facilitate direct 

comparison of results across studies.

Selection of Secondary Endpoints: Co-Morbidities, Risk Factors, and More—
To improve consistency across studies, Bryant and colleagues proposed the Childhood 

obesity Outcomes Review (CoOR) framework,(36) which identified measures (based on 

instrument development, reporting, and evaluation) in the following domains: diet, eating 

behaviors, physical activity, sedentary time, fitness, physiology, health-related quality of life, 

psychological well-being, and environment. Bryant et al.(36) recommended that researchers 

select the domains that may demonstrate change or are believed to mediate such change 

given the intervention being evaluated.

Pediatric obesity pharmacotherapy clinical trials should ideally include, at a minimum, 

measures in the domains of physiology and quality of life. The physiological measures (i.e. 

cardiometabolic risk factors) that should also be included are: fasting glucose, fasting lipid 

panel, and blood pressure. Others to consider include measures of insulin sensitivity and/or 

glucose tolerance, vascular structure and function (e.g., heart rate variability, brachial artery 

flow-mediated dilation, pulse wave velocity, carotid artery compliance and distensibility, and 

carotid artery intima-media thickness), adipokines, inflammatory markers, and body fat 

and/or anthropometric measures (see discussion in Primary Endpoints section). Aspects of 

psychological functioning (e.g., depression), eating behaviors, and/or diet could also be 

included as these may provide clues to predictors of response.

Safety Endpoints—In addition to standard monitoring for adverse events, pediatric 

obesity pharmacotherapy clinical trials warrant extra attention to safety. Childhood is 

characterized by physiological and psychological development, and medications that affect 

weight have the potential to disrupt these processes. Tanner stage and height should be 

serially-measured in all trials to monitor for disruptions in pubertal development and linear 

growth, respectively. One could consider also measuring bone age, bone mineral density, and 

pubertal hormones. In addition, monitoring of eating disorders should be performed and the 

incidence reported. Other safety endpoints should be considered depending on the 

mechanism(s) of action of the medication under investigation. For instance, many obesity 

medications are centrally-acting (affecting appetite and satiety centers in the brain). As such, 

neuropsychiatric function, including cognition and mood, should be monitored during these 

trials. It should be noted that appropriate neuropsychiatric measures and cognitive 

assessments may differ depending upon the age-range of participants, further highlighting 

the need for separate trials performed in children vs. adolescents.
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Trial Duration

Considering that weight loss maintenance is so challenging and the fact that chronic 

pharmacotherapy will probably be required for most individuals (perhaps life-long), it is 

critically important that confirmatory pediatric clinical trials be of sufficient duration to 

evaluate at least mid-term safety and efficacy. Guidance provided by the F.D.A. and E.M.A. 

(both in 2007) stated that pediatric obesity clinical trials should be at least one year in 

duration. Ideally, trials would last longer than one year; however, obstacles such as 

participant attrition (notoriously high in obesity clinical trials) and funding/resource 

limitations often make this impractical. Nevertheless, full-scale confirmatory trials should be 

designed to include a minimum of one year of double-blind placebo-controlled treatment. 

Interestingly, for trials designed for pediatric approval of weight loss medications in Europe, 

the E.M.A. requires a six-month follow-up period (after cessation of drug treatment) to 

assess relapse and weight rebound.(22) Considering the strong biological propensity for 

weight regain, the rationale for, and relevance of, such a requirement is unclear (i.e., weight 

gain is an expected outcome). Obesity is a chronic disease; therefore, life-long treatment 

with pharmacotherapy will likely be required for most individuals. One would expect weight 

rebound upon withdrawal of obesity pharmacotherapy in the same way that one would 

expect increases in blood pressure and blood glucose upon withdrawal of anti-hypertensive 

and anti-diabetic pharmacotherapies, respectively, even with concomitant lifestyle 

modification.

Design and Implementation of Lifestyle Modification Therapy

Lifestyle modification counseling should be included in all pediatric obesity clinical trials 

and should be delivered to all participants regardless of assignment to active medication or 

placebo. Indeed, the intent of pharmacotherapy is to modify the internal physiological 

environment by targeting the biological pathways associated with body weight regulation in 

an effort to help the individual with obesity more successfully implement and maintain 

lifestyle changes over the long-term. No clear guidance exists regarding the appropriate 

breadth or intensity of the lifestyle modification component in the context of 

pharmacotherapy clinical trials as evidenced by the wide array of approaches utilized in 

previous studies. On the one hand, it seems advisable to implement the most intensive 

lifestyle counseling protocol possible considering the fact that clinically-meaningful weight 

loss is the ideal outcome. On the other hand, trials ought to be designed to maximize 

generalizability, and intensive lifestyle modification therapy approaches are not always 

available to youth seeking medical weight management. The ideal frequency of contact is 

unknown; however, evidence suggests that at least 26 to 75 hours of contact over six to 12 

months is necessary to derive meaningful outcomes.(24) This degree of contact frequency 

may not be practical within the context of all clinical trials nor is it representative of what is 

offered in the clinical setting. With these issues in mind, it seems advisable that all pediatric 

obesity clinical trials include lifestyle modification counseling that addresses diet, physical 

activity and behavioral domains (trials including younger children should include a parental 

component) and that contact with participants (at least by phone) be as frequent as possible 

with a goal of at least monthly sessions throughout the course of the trial. Furthermore, 

details of the curriculum content and frequency of contact should be reported to aid in data/

results interpretation.
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Recruitment and Retention of Participants

Recruitment and retention of participants are two of the most arduous challenges researchers 

encounter when conducting pediatric obesity clinical trials. Some of the challenges of 

recruitment can be minimized with careful selection of inclusion/exclusion criteria (as 

discussed earlier). Although attractive from a scientific perspective, developing overly-strict 

exclusion criteria can make recruitment difficult and also can limit the generalizability of the 

results. Designing studies to have an active treatment component, such as lifestyle 

modification counseling, a meal replacement induction period, and/or an open-label 

extension (during which all are offered the experimental medication), may increase 

recruitment and retention. It should be recognized, however, that an open-label extension 

may not add meaningful scientific benefit except for continued safety monitoring due to the 

un-blinded nature of that period and could be costly.

Missing data in clinical trials jeopardizes the integrity and validity of results through 

potential bias of unknown magnitude and direction. Because all methods for handling 

missing data have some level of untestable assumptions, the issue is quite serious and best 

avoided if possible.(37) That said, despite best efforts, some missing data cannot be avoided. 

For these situations, careful attention to the assumptions about the nature of missing data 

underlying the estimates of treatment effects needs to be exercised. The planned approach to 

handling missing data should be specified in the study protocol.

Strong communication skills are essential in building a trusting relationship between study 

personnel and the participants and their families. Creating a culture of customer service in 

all interactions is important. Further, the availability of a language interpreter can increase 

the number of potentially-eligible participants and cultural awareness can facilitate positive 

relationships and establish trust between study personnel and the participants and their 

families. Providing flexibility in scheduling study visits by offering weekend or evening 

appointments can potentially minimize attrition. Finally, appropriate reimbursement 

(including time, travel, parking, and meals) is another key factor. Level of reimbursement 

will vary by study; however, participants and families often lead busy lives and participation 

in clinical trials can be time-consuming and expensive.

Conclusions

The number of medications approved to treat obesity in adults has increased recently, yet the 

options available for the pediatric population remain scant. Given the burgeoning rate of 

pediatric severe obesity, a pressing need exists to properly evaluate these agents in children 

and adolescents by generating pediatric safety and efficacy data from well-designed clinical 

trials. The field of obesity medicine is primed and ready for studies aimed at understanding 

and characterizing phenotypic features of eating behavior to inform a tailored treatment 

approach. Early identification of individuals most likely to respond favorably to a specific 

agent(s) will maximize positive outcomes and minimize unwanted side effects. Because of 

the unique aspects associated with pediatric obesity, pharmacotherapy clinical trials need to 

be carefully designed. Ideally, as guidelines for best practices are developed and refined, 

there would be consensus among regulatory agencies, such as the F.D.A. and E.M.A., in an 

effort to provide unified principles regarding the design of pediatric obesity 
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pharmacotherapy clinical trials. It is hoped that this document may be useful as a starting 

point for the development of future guidelines and that it will stimulate higher-quality 

research in the area of pediatric obesity pharmacotherapy by clinical investigators and 

industry.
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Table 2
Suggestions regarding target population and eligibility

• Age: 12-17 years old (once safety/efficacy is established in this age-group, trials of younger children can be initiated)

• BMI ≥95th percentile (depending upon the risk/benefit of the agent(s) under investigation, requirement of ≥1 co-morbid condition 
may be appropriate)

• Tanner stage: no lower limit unless evidence suggests developmental risk of specific agent

• No upper BMI threshold (can consider sub-analyses by BMI categories)

• Include participants taking potentially weight altering medication(s) with stable dose for ≥6 months

• Observed or documented history of failed weight loss attempts unnecessary
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Table 3
Suggestions regarding endpoint selection

• Primary efficacy endpoint: percent change in BMI from baseline

• Additional endpoints to report: absolute change in BMI, change in BMI z-score, and the proportion with ≥5% and ≥10% BMI 
reduction from baseline

• Secondary endpoints: include measures in the physiological (cardiometabolic risk factors) and quality of life domains; measures 
of psychological functioning, eating behaviors, and/or diet should also be considered

• Safety endpoints: include serial assessment of Tanner stage and height; measures of neuropsychiatric function should also be 
considered; additional safety endpoints may be necessary based on the mechanism(s) of action of the drug(s) under investigation
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