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Lifestyle modifications focused on diet, physical activity, and behavior have a modest

impact on weight reduction in children, adolescents, and young adults (YA) with

overweight and obesity. Several anti-obesity medications (AOMs) have been approved

by the Food and Drug Administration (FDA) for use among adult patients with a body

mass index (BMI) ≥27 kg/m2 and at least one obesity-related illness. However, only two

FDA-approved AOMs are available for use in children and adolescents, which leads to

the frequent off-label use of adult AOMs among this population. We sought to investigate

current prescribing patterns of AOMs from school age through to young adulthood in

a large unified health system. Using a centralized clinical data registry containing the

health data of ∼6.5 million patients, individuals aged 5–25 years old with overweight

and obesity who were taking one of eight commonly prescribed AOMs from 2009

to 2018 were extracted. A total of 1,720 patients were identified, representing 2,210

medication prescribing instances. The cohort was further stratified as children (5–12

years old), adolescents (13–18 years old), and YA (19–25 years old). The mean BMI at

the time of medication initiation was 34.0, 39.1, and 39.6 kg/m2, respectively, which

corresponded to a BMI z-score (BMIz) of 2.4 and 2.3 for children and adolescents,

respectively. Metformin was the most commonly prescribed medication across all ages,

including off-label use for weight-loss among children and adolescents. The most

commonly off-label prescribed AOM among YA was topiramate. Multivariable analyses

demonstrated phentermine was the most effective AOM, with a 1.54% total body weight

among YA (p = 0.05) and a 0.12 decrease in BMIz among adolescents (p = 0.003)

greater final weight loss when compared to the respective overall frequency-weighted

means. Our study demonstrates a statistically significant weight loss among adolescents

and young adults on select pharmacotherapy. The small magnitude of this effect should
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be interpreted carefully, as it is likely an underestimate in the absence of a true control

group. Pharmacotherapy should therefore be considered in conjunction with other

multimodal therapies such as lifestyle modification and metabolic and bariatric surgery

when treating overweight and obesity.

Keywords: children, adolescents, young adults, overweight, obesity, pharmacotherapy, weight loss medications,

anti-obesity medications

INTRODUCTION

The most recent analysis of obesity prevalence using the National
Health and Nutrition Examination Survey (NHANES) database
shows that 1 in 5 children in the United States have obesity
(1). Children in high-risk groups such as those with a genetic
predisposition to obesity (2), and those with poor quality
early lifestyle and dietary behaviors (3) are likely to develop
childhood obesity which often propagates into adulthood along
with obesity-related illnesses (1, 4–9).

Current treatment modalities for childhood obesity are
multidisciplinary in nature with a significant preference toward
lifestyle modifications that target dietary and behavioral change
as the foundation for treatment in most children, adolescents and
young adults who present for care. However, a 2017 Cochrane
Review found low quality evidence that lifestyle modification
focused on diet, physical activity, and other behaviors reduces
BMI in adolescents (10). According to this review, the mean
change in BMI was −1.18 kg/m2 with a weight loss (WL) of
3.67 kg (95% CI −5.21 to −2.13) across 28 randomized-clinical
trials, encompassing 2,774 participants ages 12–17.

The rise of obesity over the past 30 years, especially with high
rates of severe obesity in children living in non-metropolitan
areas (11), calls for more aggressive combination therapies
that include behavioral modification, medications, and surgical
interventions (12, 13). According to the most recently available
data from the NHANES, the prevalence of severe obesity from
2015 to 2016 was 1.9% among children and adolescents 2 to 19
years old, with 4.5% of adolescents age 16–19 years old affected
by severe obesity (1). While strides have been made toward
encouraging the utilization of metabolic and bariatric surgery
(MBS) for pediatric patients with severe obesity, with definitive
guidance from organizations such as the American Academy of
Pediatrics (AAP) and the American Society of Metabolic and
Bariatric Surgery (ASMBS) (14–17), there remains a gap in care
for patients who have been refractory to lifestyle modifications
but do not meet criteria for MBS.

The current use of pharmacotherapy for the treatment of
obesity in the pediatric population is limited (18). Compared to
prescribing patterns for the treatment of other pediatric chronic
diseases such as type 2 diabetes mellitus (T2DM), anti-obesity
medications (AOMs) are disproportionately underutilized in
relation to the disease burden (19), likely due to the lack of
current guidelines addressing their use. Notably, the current
Endocrine Society practice guidelines recommend that AOM
use should be confined to clinical trials for pediatric patients
with obesity (20). Furthermore, only two AOMs are currently

approved by the Food and Drug Administration (FDA) for
management of obesity in the pediatric population: orlistat for
patients ≥12 years and phentermine in those >16 years (21, 22).
Since most medications with the potential benefit of WL are used
either for a separate indication or used off-label for the treatment
of obesity, there is limited reliable data available on the utilization
of these medications and weight outcomes (23). The purpose of
this study was to ascertain current prescribing practices of these
AOMs among the pediatric population in a large unified health
system, and second, to assess the effect of these medications on
weight status.

METHODS

Data Source
The centralized clinical data registry of a large unified health
care system, consisting of two large academic medical centers
and three community teaching hospitals was used to identify the
study cohort. This clinical data registry contains electronic health
records (EHR) data spanning over 30 years for ∼6.5 million
patients, and allows for research cohort identification using
a combination of user-defined characteristics such as patient
demographics, diagnoses, medications, etc. Institutional Review
Board (IRB) approval was obtained prior to extraction of any
patient health data.

Patient Population
Patients ages 5–25 years old with overweight and obesity, as
indicated by International Classification of Diseases (ICD) 9
codes V85.21-25, V85.3, V85.4, V85.53-54, and International
Classification of Diseases (ICD) 10 codes Z68.25-29, Z68.3, Z68.4,
Z68.53-54, who were on one of several commonly prescribed
AOMs between the years 2009 and 2018 were identified. The
following fourteen FDA- and non-FDA-approved medications or
association of medications were included in the initial extraction
(listed in alphabetical order): bupropion, bupropion/naltrexone,
canagliflozin, exenatide, liraglutide, lorcaserin, metformin,
naltrexone, orlistat, phentermine, phentermine/topiramate,
pramlintide, topiramate, and zonisamide.

Data Extraction
Patient demographics, to include age at the time of medication
initiation, sex, race, and primary insurance were extracted. The
patient cohort was then stratified into three age categories: (1)
Children: patients 5–12 years old; (2) Adolescents: patients 13–
18 years old; and (3) Young adults: patients 19–25 years old.
Clinical information to include medical and surgical history,
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medication prescriptions, and measured heights and weights
were also obtained. Among children and adolescents, overweight
was defined as a BMI 85th to 95th percentile for age and sex,
and obesity was classified as class I (BMI 95th to 120% of 95th
percentile for age and sex),class II obesity (BMI > 120–140% of
the 95th percentile for age and sex, or 35 to<40 kg/m2, whichever
is lower), and class III (BMI >140% of the 95th percentile for
age and sex, or >40 kg/m2, whichever is lower) (14, 24, 25). For
young adults, overweight was defined as BMI 25–30 kg/m2, and
obesity was classified as class I (BMI 30 to <35 kg/m2), class
II (BMI 35 to <40 kg/m2), and class III (BMI ≥ 40 kg/m2)
(24–27). Additionally, BMI z-scores (BMIz) were calculated for
the children and adolescent cohorts based on the CDC growth
charts (28–30).

The following obesity-related illnesses were coded:
hypertension (HTN), dyslipidemia (DL), type 2 diabetes
mellitus (T2DM), obstructive sleep apnea (OSA), obesity-
hypoventilation syndrome, non-alcoholic fatty liver disease
(NAFLD), gastroesophageal reflux disease (GERD), idiopathic
intracranial hypertension (IIH), depression, anxiety, and
personality disorders (Supplemental Table 1).

The date of medication initiation was available as a structured
data field directly from the clinical data registry. On the other
hand, the date of medication discontinuation, though also
available as a structured data field, was deemed unreliable
due to known discrepancies between actual medication
discontinuation and documentation in patients’ EHR. Instead,
the date of medication discontinuation was determined by direct
examination of provider clinic notes, which ensured its accuracy.

For patients who underwent MBS while on a study medication,
the date of discontinuation was set as the date of surgery, and
for patients who remained on a medication at the time of data
extraction (Aug 27, 2019), the discontinuation date was set as
the date of data extraction. Given the possibility that patients
may have taken multiple AOMs simultaneously, the dates of
initiation and discontinuation were recalculated to be exclusive
of those of any other overlapping medications, which allowed
for determination of the individual effects of each medication
on a patient’s weight. A medication instance was defined as
the period during which a patient took a single medication
exclusively without interruption. Hence, one patient could have
had multiple instances of the same medication, as well as several
instances of multiple medications.

Once the exclusive dates had been determined for each
medication instance, all weights recorded for each patient
were extracted and the following pertinent weights were
defined: (1) Starting weight: the weight recorded closest to
medication initiation (within 90 days pre and post); (2) Nadir
weight: Lowest weight recorded during a medication instance;
(3) End weight: the weight recorded closest to medication
discontinuation (within 90 days pre and post). Maximum WL
was defined as the starting weight minus the nadir weight.
Final WL was defined as the patient’s starting weight minus
the end weight, hence a positive number indicates WL, while a
negative number indicates weight gain. WL was represented as
change in BMIz (i.e., 1BMIz) for children and adolescents, and
as percentage of total body weight (%TBW) for young adults.
After the initial cohort had been identified, only medications

TABLE 1 | Weight-loss medications commonly prescribed to children, adolescent, and young adults with obesity (31, 32).

Generic name Trade name(s) Mechanism(s) of action in obesity treatment FDA approved for weight

loss in pediatrics (age)

Pediatric

recommendation and

strength of evidence

Bupropion Wellbutrin Increases extracellular dopamine in the nucleus accumbens, an

important part of the neural circuitry of reward

No

Liraglutide Victoza,

Saxenda

Increases insulin release through activation of the GLP-1

receptor, which causes increased cAMP

No, approved for use to

treat T2DM in children >10

yo

Metformin Glucophage Improves insulin sensitivity through increased peripheral

glucose uptake and utilization

No, approved for use to

treat T2DM in children >10

yo

Naltrexone Revia Not completely understood, but may modulate the opioid

receptor to decrease food cravings

No, off label use for alcohol

and/or opioid dependence

Orlistat Xenical, Alli Block fat absorption through inhibitory binding of pancreatic

and gastric lipase in the gastrointestinal tract

Yes (≥12 yo) IIa‡, Category BU for

long-term use

Phentermine Adipex and

others

Appetite suppression through hypothalamic release of

catecholamines

Yes (>16 yo) IIb§, Category BU for

short-term use

Topiramate Topamax Appetite suppression through potential augmentation of GABA No

Zonisamide Zonegran Not completely understood, but facilitates dopaminergic and

serotonergic neurotransmission

No

T2DM, Type II Diabetes Mellitus.
‡Strength of recommendation IIa indicates that the treatment is generally considered to be useful and is indicated in most cases (33).
UStrength of evidence Category B is based on data derived from meta-analyses of randomized controlled trials (RCT) with conflicting conclusions with regard to the directions and

degrees of results between individual studies. RCTs involved small numbers of patients or had significant methodological flaws (33, 34).
§Strength of recommendation IIb indicates that the treatment may be useful, and is indicated in some, but not most cases (34).
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TABLE 2 | Patient demographics and clinical characteristics.

Children Adolescents Young adults Overall

N = 83 N = 492 N = 1,145 N = 1,720

Age at medication initiation, mean (95% CI) 10.7 (10.3–11.0) 15.8 (15.7–16.0) 22.6 (22.5–22.7) 20.1 (19.9–20.3)

Starting weight/BMI recorded in chart, n (%) 63 (75.9) 388 (78.9) 828 (72.3) 1,279 (74.4)

Starting BMI, mean kg/m² (95% CI) 34.0 (32.0–35.9) 39.1 (38.2–39.9) 39.6 (39.0–40.2) 39.2 (38.7–39.7)

Starting BMI Z-score, mean (95% CI) 2.4 (2.3–2.5) 2.3 (2.3–2.4) N/A 2.3 (2.3–2.4)

Obesity class, n (%)

Overweight ≤10 36 (8.5) 125 (13.6) 162 (11.5)

Class I (mild) 23 (32.9) 108 (25.4) 208 (22.7) 339 (24.0)

Class II (moderate) 19 (27.1) 118 (27.8) 222 (24.2) 359 (25.4)

Class III (severe) 27 (38.6) 163 (38.4) 362 (39.5) 552 (39.1)

Number of weight-loss medications, n (%)

1 68 (81.9) 351 (71.3) 924 (80.7) 1,343 (78.1)

2 12 (14.5) 100 (20.3) 177 (15.5) 289 (16.8)

3 3 (3.6) 27 (5.5) 37 (3.2) 67 (3.9)

≥4 (0.0) 14 (2.9) 7 (0.6) 21 (1.2)

Sex, n (%)

Male 38 (45.8) 143 (29.1) 203 (17.7) 384 (22.3)

Female 45 (54.2) 349 (70.9) 942 (82.3) 1,336 (77.7)

Race, n (%)

White 40 (52.6) 285 (59.3) 666 (59.5) 991 (59.1)

Black ≤10 44 (9.2) 131 (11.7) 185 (11.0)

Hispanic 19 (25.0) 82 (17.1) 177 (15.8) 278 (16.6)

Asian/Pacific Islander ≤10 15 (3.1) 16 (1.4) 32 (1.9)

Native American 0 ≤10 ≤10 ≤10

Other ≤10 53 (11.0) 124 (11.1) 183 (10.9)

Insurance, n (%)

Private Insurance 50 (60.2) 300 (61.0) 649 (56.7) 999 (58.1)

Medicaid 33 (39.8) 164 (33.3) 404 (35.3) 601 (34.9)

Self-pay (0.0) 17 (3.5) 32 (2.8) 49 (2.9)

Metabolic and bariatric surgery, n (%)

Sleeve gastrectomy 0 46 (9.4) 134 (11.7) 181 (10.5)

Laparoscopic roux-en-Y gastric bypass 0 19 (3.9) 68 (5.9) 87 (5.1)

Laparoscopic adjustable gastric band 0 0 ≤10 ≤10

Obesity-related illnesses, mean (95% CI) 2.7 (2.3–3.0) 3.2 (3.0–3.4) 3.2 (3.1–3.3) 3.2 (3.1–3.3)

Obesity-related illnesses, n (%)

Anxiety 45 (54.2) 302 (61.4) 723 (63.3) 1,070 (62.3)

Depression 28 (33.7) 261 (53.1) 668 (58.4) 957 (55.7)

Gastroesophageal reflux disease 21 (25.3) 177 (36.0) 490 (42.9) 688 (40.1)

Hypertension 16 (19.3) 111 (22.6) 369 (32.3) 496 (28.9)

Dyslipidemia 20 (24.1) 150 (30.5) 317 (27.7) 487 (28.4)

Type 2 diabetes mellitus 19 (22.9) 119 (24.2) 295 (25.8) 433 (25.2)

Attention-deficit hyperactive disorder 34 (41.0) 136 (27.6) 226 (19.8) 396 (23.1)

Obstructive sleep apnea 19 (22.9) 134 (27.2) 245 (21.4) 398 (23.2)

Nonalcoholic fatty liver disease 14 (16.9) 127 (25.8) 247 (21.6) 388 (22.6)

Personality Disorders ≤10 27 (5.5) 66 (5.8) 93 (5.4)

Idiopathic intracranial hypertension ≤10 15 (3.1) 42 (3.7) 57 (3.3)

Obesity hypoventilation syndrome ≤10 ≤10 13 (1.1) 13 (0.8)

Other on-label indications, n (%)

Epilepsy 13 (15.7) 81 (16.5) 147 (12.9) 241 (14.0)

Tobacco use/dependence ≤10 37 (7.5) 195 (17.1) 232 (13.5)

Alcohol dependence/abuse 0 14 (2.9) 117 (10.2) 131 (7.6)

Opioid dependence/abuse 0 ≤10 68 (6.0) 68 (4.0)

BMI, Body Mass Index.
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with at least 5 medication instances with complete weight
data (i.e., start, nadir, and end weights recorded in chart) were
kept, which prompted the elimination of six medications:
bupropion/naltrexone, canagliflozin, exenatide, lorcaserin,

TABLE 3 | Weight loss medications—on and off-label use.

Young adults Adolescents Children Overall

N = 1,145 N = 492 N = 83 N = 1,720

ALL PATIENTS

Metformin 484 (42.3) 280 (56.9) 41 (49.4) 805 (46.8)

Topiramate 377 (32.9) 156 (31.7) 32 (38.6) 565 (32.8)

Bupropion 370 (32.3) 123 (25.0) 16 (19.3) 509 (29.6)

Phentermine 141 (12.3) 47 (9.6) — 188 (10.9)

Zonisamide 32 (2.8) 15 (3.0) — 47 (2.7)

Naltrexone 39 (3.4) — — 39 (2.3)

Orlistat 23 (2.0) — — 23 (1.3)

Liraglutide 23 (2.0) — — 23 (1.3)

OFF-LABEL USE ONLY

N = 644 N = 299 N = 46 N = 989

Metformin 255 (39.6) 173 (57.9) 24 (52.2) 452 (45.7)

Topiramate 298 (46.3) 122 (40.8) 24 (52.2) 444 (44.9)

Bupropion 21 (3.3) 10 (3.3) — 31 (3.1)

Phentermine 141 (21.9) 47 (15.7) — 188 (19.0)

Zonisamide 16 (2.5) — — 16 (1.6)

Naltrexone 18 (2.8) — — 18 (1.8)

Orlistat 23 (3.6) — — 23 (2.3)

phentermine/topiramate, pramlintide. Table 1 contains the eight
medications ultimately included in our study. Given that these
medications are not all uniquely prescribed for weight-loss,
we also flagged the following pertinent medical conditions
as potential on-label indications for medication prescription:
epilepsy, tobacco use/dependence, alcohol dependence/abuse,
opioid dependence/abuse (Supplemental Table 1).

Statistical Analysis
Univariate statistics comparing patient demographics and
medication details (i.e., medication duration, BMI and BMIz
at time of medication initiation, nadir and WL, etc.) were
obtained using Student’s t-test and Pearson’s chi2. Multivariate
analyses to ascertain the effects of each medication on a
patient’s weight were also performed using linear regression
clustered at the patient level and adjusted for patient age
at the time of medication initiation, sex, race, primary
insurance, obesity class at time of medication initiation, and
number of obesity-related illnesses. Rather than arbitrarily
selecting one of the medications as reference for analysis,
the change in 1BMIz or %TBW associated with each
medication was compared to the overall frequency-weighted
mean (mean).

Lastly, in order to ascertain the effects of these medications
when prescribed specifically for WL, all patients with a potential
on-label indication for prescription were excluded and all
aforementioned unadjusted and adjusted analyses were repeated.
The following specific groups were excluded: (1) Patients with
diabetes onmetformin or liraglutide; (2) Patients with epilepsy on

TABLE 4 | Reasons for medication discontinuation as recorded in the chart.

Medication Still taking, n (%) Unknown reason, n (%) GI symptoms, n (%) No longer necessary, n (%) Non-compliance, n (%) No effect, n (%)

Young adults (19–25 years old)

Metformin 195 (44.7) 135 (31.0) 36 (8.3) 21 (4.8) 15 (3.4) 14 (3.2)

Topiramate 114 (35.6) 116 (36.3) 2 (0.6) 28 (8.8) 7 (2.2) 15 (4.7)

Bupropion 94 (30.6) 141 (45.9) 0 (0) 24 (7.8) 12 (3.9) 11 (3.58)

Phentermine 40 (34.8) 33 (28.7) 2 (1.7) 14 (12.2) 3 (2.6) 4 (3.5)

Zonisamide 8 (33.3) 11 (45.8) 0 (0) 2 (8.3) 0 (0) 1 (4.2)

Naltrexone 5 (19.2) 16 (61.5) 0 (0) 4 (15.4) 0 (0) 0 (0)

Orlistat 0 (0) 13 (72.2) 0 (0) 2 (11.1) 0 (0) 0 (0)

Liraglutide 9 (52.9) 6 (35.3) 1 (5.9) 1 (5.9) 0 (0) 0 (0)

Overall 465 (36.8) 471 (37.3) 41 (3.3) 96 (7.6) 37 (2.9) 45 (3.6)

Adolescents (13–18 years old)

Metformin 137 (54.2) 63 (24.9) 11 (4.4) 9 (3.6) 17 (6.7) 4 (1.6)

Topiramate 57 (41.3) 47 (34.1) 1 (0.7) 7 (5.1) 6 (4.4) 5 (3.6)

Bupropion 38 (33.9) 46 (41.1) 0 (0) 10 (8.9) 2 (1.8) 2 (1.8)

Phentermine 18 (40) 16 (35.6) 1 (2.2) 0 (0) 1 (2.2) 0 (0)

Zonisamide 4 (40) 5 (50) 0 (0) 1 (10) 0 (0) 0 (0)

Overall 254 (45.5) 177 (31.7) 13 (2.3) 27 (4.8) 26 (4.7) 11 (2.0)

Children (5–12 years old)

Metformin 27 (69.2) 7 (18.0) 1 (2.6) 2 (5.1) 2 (5.1) 0 (0)

Topiramate 15 (53.6) 6 (21.4) 0 (0) 3 (10.7) 0 (0) 3 (10.7)

Bupropion 6 (40) 5 (33.3) 0 (0) 2 (13.3) 0 (0) 0 (0)

Overall 48 (58.6) 18 (22.0) 1 (1.2) 7 (8.5) 2 (2.4) 3 (3.7)
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topiramate or zonisamide; (3) Patients with depression, anxiety,
or tobacco use/dependence disorder on buproprion; (4) Patients
with opioid or alcohol dependence/abuse disorder on naltrexone.

Table cells with 10 patients or less were represented as
such to preserve patient privacy. All statistical analyses were
performed using the Stata statistical software package (version
15.1; StataCorp LP, College Station, TX, USA).

RESULTS

A total of 1,720 patients were identified, consisting of 83
children, 492 adolescents, and 1,145 young adults, which together
represented 2,210 medication instances. A starting weight and
BMI were available for roughly 75% of patients (Table 2).
The mean BMI at the time of medication initiation among
children, adolescents, and young adults was 34.0, 39.1, and
39.6kg/m2, respectively. This corresponded to a BMIz of 2.4
and 2.3 for children and adolescents respectively. Most patients
(1,343; 78.1%) were prescribed a single medication during
the study period. A higher proportion of young adults were
female (82.3%) than among adolescents (70.9%) or children
(54.2%). Most patients were white (59.1%) and privately insured
(58.1%). A total of 268 patients underwent MBS during the
study period, consisting of 181 (10.5%) sleeve gastrectomies,

87 (5.1%) laparoscopic Roux-en-Y gastric bypasses, and ≤10
laparoscopic adjustable gastric band placements. Information on
obesity-related illnesses can be found in Table 2.

Children
Overall, metformin was the most commonly prescribed
medication among children (41; 49.4%). After excluding patients
with potential on-label indications, metformin remained the
most commonly prescribed medication, along with topiramate
both at 52.2% (two patients were on both medications; Table 3).
Most children continued to take the study medication at the
time of data extraction (58.5%), while 22.0% had discontinued
it for unknown/unspecified reasons. See Table 4 for the other
common reasons for medication discontinuation.

Unadjusted Analyses
A total of 90 medication instances were identified among
children, but complete weight data (starting, nadir, and end
weights) were available for only 41 (45.6%) of them. Compared
to the mean starting BMIz of 2.42, children on bupropion had
a lower starting BMIz of 2.21 (p = 0.03). No other statistically
significant differences were identified on unadjusted analysis
among this small cohort (Table 5). See Figure 1 for a graphic
representation of the final WL distribution in this cohort.

TABLE 5 | Medication characteristics and effect on weight loss, all patients - unadjusted analyses.

Medication Medication

Instances, n (%)

Instances with

complete weight

information, n (%)U

Pre-medication BMI,

kg/m² mean (95% CI)

Duration of use,

years mean (95% CI)

Maximum weight

loss, %TBW mean

(95% CI)‡

Final weight loss,

%TBW mean

(95% CI)‡

Young adults (19–25 years old)

Metformin 489 (32.7) 239 (48.9) *42.1 (41.2–43.1) *2.50 (2.0–3.0) 3.42 (2.6–4.3) −0.39 (−1.5–0.7)

Topiramate 378 (25.3) 166 (43.9) *38.0 (37.0–39.0) 2.18 (1.9–2.4) 3.98 (2.9–5.0) 0.34 (−1.1–1.7)

Bupropion 370 (24.7) 146 (39.5) *37.5 (36.4–38.7) 2.24 (2.0–2.5) 2.44 (1.0–3.8) *-2.88 (−4.4–1.3)

Phentermine 142 (9.5) 75 (52.8) *41.5 (39.7–43.3) 0.84 (−0.9–2.5) 4.42 (3.1–5.8) *1.17 (−0.3–2.6)

Zonisamide 32 (2.1) 7 (21.9) 39.1 (31.9–46.2) 1.93 (1.2–2.7) 5.03 (−1.8–11.8) −4.87 (−10.9–1.1)

Naltrexone 39 (2.6) 13 (33.3) *32.8 (29.6–36.0) *1.02 (0.5–1.5) 3.13 (0.8–5.5) 0.76 (−2.1–3.6)

Orlistat 23 (1.5) 13 (56.5) 40.9 (37.7–44.2) *0.76 (0.4–1.1) *0.90 (−0.5–2.3) −2.24 (−4.8–0.3)

Liraglutide 23 (1.5) 6 (26.1) 44.7 (38.7–50.7) *1.03 (0.5–1.5) 3.52 (2.1–5.0) *0.69 (−0.5–1.9)

Overall 1,496 (100.0) 665 (44.5) 39.8 (39.3–40.4) 2.10 (1.8–2.3) 3.42 (2.9–4.0) −0.63 (−1.3–0.0)

Adolescents (13–18 years old)

Metformin 283 (45.4) 159 (56.2) *2.42 (2.4–2.5) *2.55 (2.3–2.8) *0.07 (0.0–0.1) −0.01 (0.0–0.0)

Topiramate 156 (25.0) 66 (42.3) *2.19 (2.1–2.3) 2.22 (1.9–2.6) 0.14 (0.1–0.2) *-0.08 (−0.1–0.0)

Bupropion 123 (19.7) 45 (36.6) *2.15 (2.0–2.3) 2.09 (1.7–2.5) 0.09 (0.0–0.2) −0.04 (−0.2–0.1)

Phentermine 47 (7.5) 23 (48.9) 2.36 (2.2–2.5) *1.82 (1.3–2.3) *0.24 (0.1–0.4) *0.12 (0.0–0.2)

Zonisamide 15 (2.4) 6 (40.0) 2.15 (1.9–2.4) 1.74 (0.2–3.3) *-0.08 (−0.3–0.1) *-0.08 (−0.1–0.1)

Overall 624 (100.0) 299 (47.9) 2.32 (2.3–2.4) 2.30 (2.1–2.5) 0.09 (0.1–0.1) −0.02 (0.0–0.0)

Children (5–12 years old)

Metformin 41 (45.6) 17 (41.5) 2.50 (2.4–2.6) 2.75 (2.0–3.5) 0.03 (0.0–0.1) −0.06 (−0.2–0.0)

Topiramate 33 (36.7) 17 (51.5) 2.39 (2.3–2.5) 2.64 (1.8–3.5) 0.11 (0.0–0.2) 0.01 (−0.1–0.2)

Bupropion 16 (17.8) 7 (43.8) *2.21 (2.0–2.4) 2.70 (1.2–4.2) 0.08 (0.0–0.1) −0.07 (−0.3–0.1)

Overall 90 (100.0) 41 (45.6) 2.42 (2.3–2.5) 2.70 (2.2–3.2) 0.06 (0.0–0.1) −0.04 (−0.1–0.0)

*Statistically significant difference when compared to the overall frequency-weighted mean, p < 0.05. UComplete weight information indicates patients with both start and end weights

recorded in chart. ‡Negative weight loss indicates weight gain.
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FIGURE 1 | Graphical representation of the final weight loss distribution in children cohort (A) across all medications, (B) on metformin, (C) on topiramate, and (D)

on bupropion.

Adjusted Analyses
Multivariable analyses demonstrated higher obesity class was
significantly associated with greater maximumWL (1BMIz 0.17
for both Class II and III, p = 0.002 for both; Table 6). Black
children were more likely to experience a final weight gain
(1BMIz −0.27; p = 0.05) when compared to whites. Similarly,
compared to patients with no obesity-related illnesses, children
with one or more conditions were significantly more likely to
experience a final weight gain (1BMIz −0.78 to −0.4, p < 0.03;
Table 7).

Off-Label Analyses
After removing all on-label medication instances, only
metformin and topiramate had 5 or more instances with
complete weight data. No statistically significant findings were
identified on unadjusted analysis (Table 8), or on multivariable
analysis related to maximum WL (Table 9). The previously
observed relationship between black race and obesity-related
illnesses and final WL remained (Table 10).

Adolescents
Metformin was again the most commonly prescribed medication
among adolescents (280; 56.9%), even after excluding patients

with potential on-label indications (173; 57.9%; Table 3). Most
adolescents continued to take the study medication at the time
of data extraction (45.5%), while 31.7% had discontinued it for
unknown/unspecified reasons. See Table 4 for the most common
reasons for medication discontinuation.

Unadjusted Analyses
A total of 624 medication instances were identified among
adolescent patients, 299 (47.9%) of which had complete
weight data recorded in the chart (Table 5). Compared to the
mean starting BMIz of 2.32, adolescents on metformin had a
higher starting BMIz (2.42; p < 0.001), while it was lower for
patients on topiramate (BMIz 2.19; p = 0.002) and bupropion
(BMIz 2.15, p= 0.004).

Compared to the respective means, adolescents on
phentermine experienced a greater maximum WL (0.24 vs.
0.09 1BMIz; p = 0.003) and final WL (0.12 vs. −0.02 1BMIz;
p = 0.001), while patients on topiramate and zonisamide
experienced a significantly lesser final WL (−0.08 1BMIz
for both; p = 0.02 and <0.001, respectively). A significant
proportion of adolescents ultimately experienced weight gain by
the time of medication discontinuation (Figure 2).
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TABLE 6 | Effect on maximum weight loss, all patients—adjusted analyses.

Young Adults (19–25 years old) Adolescents (13–18 years old) Children (5–12 years old)

‡N = 665 medication instances ‡N = 299 medication instances ‡N = 41 medication instances

%TBW (95% CI) P-value 1BMIz (95% CI) P-value 1BMIz (95% CI) P-value

Medication*

Metformin −0.49 (−1.2–0.2) >0.1 −0.02 (0.0–0.0) 0.06 −0.03 (−0.1–0.0) >0.1

Topiramate 0.75 (−0.2–1.7) >0.1 0.04 (0.0–0.1) >0.1 0.03 (−0.1–0.1) >0.1

Bupropion −0.38 (−1.5–0.8) >0.1 0.00 (−0.1–0.1) >0.1 0.07 (−0.1–0.2) >0.1

Phentermine 1.14 (−0.2–2.5) >0.1 0.13 (0.0–0.3) 0.06 — —

Zonisamide 1.15 (−5.8–8.1) >0.1 −0.20 (−0.4–0.0) 0.05 — —

Naltrexone 0.91 (−1.8–3.6) >0.1 — — — —

Orlistat −2.83 (−4.2–1.5) <0.001 — — — —

Liraglutide −0.93 (−3.0–1.1) >0.1 — — — —

Obesity class

Overweight ref — ref — ref —

Class I (mild) 1.51 (−0.5–3.6) >0.1 0.08 (−0.1–0.3) >0.1 0.11 (0.0–0.3) >0.1

Class II (moderate) 2.47 (0.4–4.6) 0.02 0.09 (−0.1–0.3) >0.1 0.17 (0.1–0.3) 0.002

Class III (severe) 2.59 (0.7–4.5) 0.009 −0.01 (−0.2–0.2) >0.1 0.17 (0.1–0.3) 0.002

Age at med initiation, years 0.08 (−0.2–0.4) >0.1 0.01 (0.0–0.0) >0.1 0.00 (0.0–0.0) >0.1

Female sex 0.01 (−1.4–1.4) >0.1 −0.03 (−0.1–0.0) >0.1 −0.06 (−0.2–0.0) >0.1

Race

White ref — ref — ref —

Black 0.08 (−1.6–1.7) >0.1 0.03 (−0.1–0.1) >0.1 0.02 (−0.2–0.2) >0.1

Hispanic −0.13 (−1.6–1.4) >0.1 −0.02 (−0.1–0.0) >0.1 0.00 (−0.1–0.1) >0.1

Asian 2.00 (−1.2–5.2) >0.1 0.09 (−0.1–0.3) >0.1 0.01 (−0.1–0.1) >0.1

Insurance

Private ref — ref — ref —

Medicaid 0.17 (−1.0–1.3) >0.1 −0.02 (−0.1–0.0) >0.1 −0.01 (−0.2–0.1) >0.1

Self–pay 0.41 (−3.0–3.8) >0.1 0.15 (0.0–0.3) >0.1 — —

Obesity-related illnesses, N

0 ref — ref — ref —

1-2 0.75 (−1.0–2.5) >0.1 −0.01 (−0.1–0.1) >0.1 −0.39 (−1.0–0.2) >0.1

3–4 1.77 (0.1–3.5) 0.04 0.01 (−0.1–0.1) >0.1 −0.42 (−1.0–0.1) >0.1

5–6 1.92 (0.1–3.7) 0.04 0.04 (−0.1–0.2) >0.1 −0.40 (−1.0–0.2) >0.1

≥6 2.23 (−0.3–4.8) 0.09 0.12 (−0.1–0.3) >0.1 −0.44 (−1.0–0.1) >0.1

*Coefficient indicates difference between respective medication and the overall frequency-weighted mean. ‡N, patients with both pre-medication and post-medication weights recorded

in chart; ref, reference group. Bold and italic value represents means-statistically significant.

Adjusted Analyses
Multivariable analyses demonstrated adolescents on
phentermine experienced a final WL 0.12 1BMIz greater than
the mean (p = 0.003), while those on topiramate experienced a
final WL 0.07 1BMIz lesser than the mean (p = 0.02). Higher
weight class at the time of medication initiation was associated
with greater final WL (Table 7).

Off-Label Analyses
After removing all on-label indications, metformin, topiramate,
and phentermine remained. Unadjusted analyses were
largely unchanged from prior (Table 8). Multivariable
analyses demonstrated patients on phentermine experienced
a 0.15 1BMIz greater maximum WL and final WL
(p = 0.003 and <0.001, respectively) when compared

to the respective means, while patients on metformin
experienced a 0.04 (p = 0.006) and 0.02 (p = 0.03)
1BMIz lesser maximum WL and final WL respectively
(Tables 9, 10).

Young Adults
In line with the other two cohorts, metformin was the
most commonly prescribed medication among young
adults overall (484; 42.3%), but topiramate was the most
commonly prescribed off-label medication (298; 46.3%,
Table 3). Similar to children and adolescents, a large number
of young adults continued to take the medication at the
time of data extraction (36.8%), while a slightly higher
proportion had discontinued it for unknown/unspecified reasons
(37.3%; Table 4).
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TABLE 7 | Effect on Final Weight Loss, All Patients - Adjusted Analyses.

Young adults (19–25 years old) Adolescents (13–18 years old) Children (5–12 years old)

‡N = 665 medication instances ‡N = 299 medication instances ‡N = 41 medication instances

%TBW (95% CI) P-value 1BMIz (95% CI) P-value 1BMIz (95% CI) P-value

Medication*

Metformin −0.66 (−1.5–0.2) >0.1 0.00 (0.0–0.0) >0.1 −0.02 (−0.1–0.0) >0.1

Topiramate 1.47 (0.3–2.6) 0.01 −0.07 (−0.1–0.0) 0.02 −0.03 (−0.1–0.1) >0.1

Bupropion −1.33 (−2.7–0.0) 0.05 0.03 (−0.1–0.1) >0.1 0.15 (−0.1–0.4) >0.1

Phentermine 1.54 (0.0–3.0) 0.05 0.12 (0.0–0.2) 0.003 — —

Zonisamide −4.27 (−10.2–1.6) >0.1 −0.07 (−0.2–0.0) >0.1 — —

Naltrexone 2.48 (−0.3–5.3) 0.08 — — — —

Orlistat −1.35 (−3.6–0.9) >0.1 — — — —

Liraglutide −0.60 (−2.3–1.1) >0.1 — — — —

Obesity class

Overweight ref — ref — ref —

Class I (mild) 3.51 (0.8–6.2) 0.01 0.35 (0.1–0.6) 0.003 — —

Class II (moderate) 6.57 (4.0–9.1) <0.001 0.33 (0.1–0.6) 0.003 −0.06 (−0.3–0.2) >0.1

Class III (severe) 6.26 (3.9–8.6) <0.001 0.31 (0.1–0.5) 0.005 0.06 (−0.1–0.2) >0.1

Age at med initiation, years −0.10 (−0.4–0.2) >0.1 0.01 (0.0–0.0) >0.1 −0.03 (−0.1–0.0) >0.1

Female sex −0.60 (−2.2–1.0) >0.1 −0.01 (−0.1–0.1) >0.1 0.03 (−0.1–0.2) >0.1

Race

White ref — ref — ref —

Black −1.87 (−3.9–0.2) 0.07 0.04 (−0.1–0.1) >0.1 −0.27 (−0.5–0.0) 0.05

Hispanic 0.25 (−1.6–2.1) >0.1 0.00 (−0.1–0.1) >0.1 −0.16 (−0.4–0.1) >0.1

Asian 0.23 (−4.0–4.5) >0.1 0.03 (−0.1–0.1) >0.1 — —

Insurance

Private ref — ref — ref —

Medicaid 0.54 (−0.8–1.9) >0.1 −0.01 (−0.1–0.0) >0.1 0.07 (−0.1–0.2) >0.1

Self-pay −0.68 (−6.3–5.0) >0.1 0.16 (−0.1–0.4) >0.1 — —

Obesity-related illnesses, N

0 ref — ref — ref —

1–2 1.31 (−2.9–5.6) >0.1 −0.04 (−0.2–0.1) >0.1 −0.40 (−0.7–0.1) 0.01

3–4 2.77 (−1.5–7.0) >0.1 0.01 (−0.1–0.1) >0.1 −0.46 (−0.7–0.2) <0.001

5–6 1.54 (−2.7–5.8) >0.1 −0.07 (−0.2–0.1) >0.1 −0.78 (−1.1–0.5) <0.001

≥6 2.02 (−3.0–7.0) >0.1 −0.04 (−0.2–0.1) >0.1 −0.40 (−0.7–0.1) 0.03

*Coefficient indicates difference between respective medication and the overall frequency-weighted mean. ‡N, patients with both pre-medication and post-medication weights recorded

in chart. ref, reference group. Bold and italic value represents means-statistically significant.

Unadjusted Analyses
A total of 1,496medication instances among young adult patients
were identified, 665 (44.5%) of which had complete weight data
recorded in the chart. Among these, patients on metformin and
phentermine had a higher starting BMI compared to the mean,
while this was lower for patients on topiramate, bupropion, and
naltrexone (Table 5). Patients on orlistat experienced a lesser
maximum WL compared to the mean (0.90 vs. 3.42 %TBW;
p = 0.001), while patients on phentermine experienced a greater
final WL (1.17 vs.−0.63 %TBW; p= 0.02). Figure 3 contains the
overall and medication-specific distribution of final WL among
young adults.

Adjusted Analyses
Young adult patients on orlistat experienced a 2.83%TBW lesser
maximum WL when compared to themean (p < 0.001), while

patients on phentermine and topiramate experienced a 1.54
(p= 0.05) and 1.47 (p= 0.01) %TBW greater final WL compared
to the mean, respectively (Tables 6, 7). Similar to the findings
among adolescents, higher weight class at medication initiation
was associated with higher final WL.

Off-Label Analyses
After removing all patients with on-label indications, results were
similar to prior. Patients on metformin had a higher starting
BMI compared to the mean (41.5 vs. 40.2 kg/m2; p = 0.005),
while it was lower for patients on topiramate (38.3 kg/m2, p <

0.001; Table 8). Both patients on Orlistat (0.9%TBW; p = 0.003)
and Bupropion (−4.91 %TBW; p = 0.001) had significantly
lesser maximum WL compared to the mean (Table 9). The only
medication with a final WL significantly different than the mean
(−0.12%TBW) was naltrexone (3.29%TBW; p < 0.001). Patients
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TABLE 8 | Medication characteristics and effect on weight loss, off-label patients—unadjusted analyses.

Medication Medication

Instances, n (%)

Instances with

complete weight

information, n (%)U

Pre-medication BMI,

kg/m² mean (95% CI)

Duration of use,

years mean (95% CI)

Maximum weight

loss, %TBW mean

(95% CI)‡

Final weight loss,

%TBW mean

(95% CI)‡

Young adults (19–25 years old)

Metformin 257 (33.1) 126 (49.0) *41.5 (40.2–42.7) 1.73 (0.8–2.7) 2.66 (1.5–3.9) −1.11 (−2.7–0.4)

Topiramate 299 (38.5) 142 (47.5) *38.3 (37.2–39.4) 1.94 (1.7–2.2) 3.53 (2.4–4.6) 0.62 (−0.7–1.9)

Bupropion 21 (2.7) 8 (38.1) 37.8 (32.0–43.7) 1.63 (0.7–2.6) *-4.91 (−9.9–0.1) −6.68 (−14.0–0.6)

Phentermine 142 (18.3) 75 (52.8) 41.5 (39.7–43.3) 0.84 (−0.9–2.5) 4.42 (3.1–5.8) 1.17 (−0.3–2.6)

Zonisamide 16 (2.1) 6 (37.5) 40.9 (31.5–50.2) 1.23 (0.3–2.2) 3.93 (−2.3–10.2) −2.89 (−8.3–2.5)

Naltrexone 18 (2.3) 6 (33.3) 37.8 (32.5–43.1) 1.15 (0.2–2.1) 3.75 (0.1–7.4) *3.29 (1.4–5.2)

Orlistat 23 (3.0) 13 (56.5) 40.9 (37.7–44.2) *0.76 (0.4–1.1) *0.90 (−0.5–2.3) −2.24 (−4.8–0.3)

Overall 776 (100.0) 376 (48.5) 40.2 (39.4–40.9) 1.59 (1.1–2.0) 3.19 (2.5–3.9) −0.12 (−0.9–0.7)

Adolescents (13–18 years old)

Metformin 175 (50.9) 93 (53.1) *2.39 (2.3–2.5) 1.90 (1.6–2.2) *0.03 (0.0–0.1) −0.03 (−0.1–0.0)

Topiramate 122 (35.5) 52 (42.6) *2.17 (2.1–2.3) 1.98 (1.6–2.4) 0.08 (0.0–0.1) −0.05 (−0.1–0.0)

Phentermine 47 (13.7) 23 (48.9) 2.36 (2.2–2.5) 1.82 (1.3–2.3) *0.24 (0.1–0.4) *0.12 (0.0–0.2)

Overall 344 (100.0) 168 (48.8) 2.32 (2.3–2.4) 1.92 (1.7–2.1) 0.07 (0.0–0.1) −0.01 (0.0–0.0)

Children (5–12 years old)

Metformin 24 (49.0) 13 (54.2) 2.51 (2.4–2.7) 2.30 (1.4–3.2) 0.07 (0.0–0.2) −0.03 (−0.1–0.1)

Topiramate 25 (51.0) 14 (56.0) 2.36 (2.2–2.5) 2.20 (1.4–3.0) 0.09 (0.0–0.2) 0.02 (−0.1–0.2)

Overall 49 (100.0) 27 (55.1) 2.43 (2.3–2.5) 2.25 (1.7–2.8) 0.08 (0.0–0.2) 0.00 (−0.1–0.1)

*Statistically significant difference when compared to the overall frequency-weighted mean, p < 0.05. UComplete weight information indicates patients with both start and end weights

recorded in chart. ‡Negative weight loss indicates weight gain.

on phentermine trended toward a greater final WL (1.17 %TBW)
than the mean but this relationship did not reach statistical
significance (p= 0.06; Table 10).

DISCUSSION

Our study describes the current prescribing patterns of weight-
modifying pharmacotherapy amongst children, adolescents and
young adults in a large unified health care system. This study
also distinguishes between overall and off-label prescribing
to assess the effectiveness of these medications in achieving
weight modification, regardless of the specific indication. Due
to sampling size, the strongest conclusions may be drawn
from the adolescent and young adult cohorts. In these patient
populations, phentermine appears to most consistently support
WL, which is statistically significant in our study, though
clinically small. Interpretation of phentermine’s true weight
modification benefits, as well as those effects of the other
medications, however, are likely minimized based on their
comparison to the mean rather than a control group not taking
weight-modifying pharmacotherapy. Generally, higher obesity
classification at medication initiation was associated with greater
finalWL. The analysis also reveals that metformin was overall the
most commonly prescribed medication for both on- and off-label
use among children and adolescents; however, in the adjusted
analyses, it was associated with statistically significant negative
final WL (i.e., weight gain) among adolescents and young adults
for whom it was prescribed off-label compared to the mean. To

our knowledge, this study is the first of its kind to explore this
breadth of medication use with a focus on WL across a spectrum
of ages from 5 to 25 years old.

The retrospective nature of our study gives rise to some
important limitations. Though start and end dates of medications
were manually verified by a team of clinicians, chart review is
only as good as the quality of the data documented, which means
that medication duration should be interpreted with caution.
Additionally, the lack of a control group and our inability to
account for confounding lifestyle modifications, such as diet
quality and physical activity, make it difficult to fully interpret
the absolute magnitude of effectiveness of the medications
studied as mentioned above. Several other limitations are worth
noting. First, given that we chose to limit our assessment of a
medication’s effect onWL to its exclusive dates of administration,
we are unable to comment on the synergistic effect that multiple
medications taken together may have. Second, our study did
not capture medication dosing, which could play an important
role and should be investigated further in future studies (35).
Despite significant effort to determine reasons for medication
discontinuation as part of the manual chart review, it is notable
that this reason was unspecified for approximately one-third of
patients. Lastly, this study did not account for confounders such
as the simultaneous use of other medications associated with
weight gain (18), which could be of particular importance given
the high rates of anxiety (62.3%) and depression (55.7%) noted.

Despite these limitations, our study is the first to our
knowledge to evaluate prescribing patterns and usage of a variety
of medications among children, adolescents, and young adults,
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TABLE 9 | Effect on maximum weight loss, off-label patients—adjusted analyses.

Young adults (19–25 years old) Adolescents (13–18 years old) Children (5–12 years old)

‡N = 376 medication instances ‡N = 168 medication instances ‡N = 27 medication instances

%TBW (95% CI) P-value 1BMIz (95% CI) P-value 1BMIz (95% CI) P-value

Medication*

Metformin −0.90 (−1.7–0.1) 0.04 −0.04 (−0.1–0.0) 0.006 0.00 (−0.1–0.1) >0.1

Topiramate 0.57 (−0.3–1.4) >0.1 0.02 (0.0–0.1) >0.1 0.00 (−0.1–0.1) >0.1

Bupropion −9.15 (−14.6–3.6) 0.001 — — — —

Phentermine 1.56 (0.2–2.9) 0.02 0.15 (0.0–0.3) 0.03 — —

Zonisamide 0.07 (−6.9–7.1) >0.1 — — — —

Naltrexone 1.80 (−3.9–7.5) >0.1 — — — —

Orlistat −2.06 (−3.7–0.4) 0.01 — — — —

Obesity class

Overweight ref — ref — ref —

Class I (mild) 2.41 (−0.2–5.0) 0.07 0.18 (0.0–0.3) 0.02 — —

Class II (moderate) 4.33 (1.9–6.7) <0.001 0.18 (0.0–0.3) 0.03 0.04 (−0.2–0.3) >0.1

Class III (severe) 3.04 (0.7–5.4) 0.01 0.14 (0.0–0.3) 0.07 0.11 (−0.1–0.3) >0.1

Age at med initiation, years 0.33 (0.0–0.7) 0.07 0.00 (0.0–0.0) >0.1 −0.01 (−0.1–0.1) >0.1

Female sex −0.75 (−2.9–1.4) >0.1 −0.04 (−0.1–0.0) >0.1 −0.14 (−0.3–0.0) >0.1

Race

White ref — ref — ref —

Black −0.59 (−2.6–1.4) >0.1 0.01 (−0.1–0.1) >0.1 — —

Hispanic −1.75 (−3.6–0.1) 0.06 −0.06 (−0.1–0.0) 0.03 −0.18 (−0.4–0.1) >0.1

Asian −2.78 (−7.3–1.8) >0.1 −0.02 (−0.1–0.1) >0.1 0.01 (−0.2–0.2) >0.1

Insurance

Private ref — ref — ref —

Medicaid −0.30 (−1.8–1.2) >0.1 −0.01 (−0.1–0.0) >0.1 0.12 (−0.1–0.3) >0.1

Self-pay 0.02 (−3.5–3.5) >0.1 0.04 (−0.1–0.2) >0.1 — —

Obesity-related illnesses, N

0 ref — ref — ref —

1–2 0.18 (−1.8–2.2) >0.1 −0.02 (−0.1–0.1) >0.1 −0.19 (−0.7–0.3) >0.1

3–4 −0.05 (−2.0–2.0) >0.1 −0.04 (−0.1–0.1) >0.1 −0.40 (−0.9–0.1) 0.08

5–6 0.07 (−2.3–2.4) >0.1 −0.06 (−0.2–0.1) >0.1 — —

≥6 0.98 (−3.5–5.5) >0.1 −0.13 (−0.3–0.1) >0.1 −0.46 (−1.1–0.2) >0.1

*Coefficient indicates difference between respective medication and the overall frequency-weighted mean. ‡N, patients with both pre-medication and post-medication weights recorded

in chart. ref, reference group. Bold and italic value represents means-statistically significant.

in the context of overweight and obesity. Strengths of this
study include its large sample size based out of a multicenter
academic health system with an established tertiary care facility
to treat pediatric obesity. Providers in this center include a
multidisciplinary team (i.e., physician, dietitian, psychologist)
trained specifically in the management of both pediatric and
adult obesity and therefore are more inclined and familiar with
prescribing these medications for the indication of WL.

Obesity is a heterogeneous, multifactorial disease that is
best treated with multimodal therapies, including lifestyle
modification, pharmacotherapy, and surgery as an integrated
continuum of care (36, 37). No studies have demonstrated a
durable, sustainedWL through lifestyle modifications alone (15).

A systematic review by O’Connor and colleagues found that
children and adolescents following a traditional lifestyle
modification plan require a minimum of 26 h over a

6–12-months period of contact with providers to achieve
an average 1.0 kg/m2 BMI reduction (38). Another study
which evaluated age and obesity class, showed that behavioral
interventions are less effective in terms of BMI reduction among
adolescents (14–16 years old) when compared to children (6–9
years) (39). For adolescents who have experienced insufficient
weight control with lifestyle modification therapy and who do
not meet criteria for MBS, pharmacotherapy could serve as
an important treatment option (40). Our study corroborates
this and suggests that phentermine could be a useful first-line
pharmacologic option for adolescents 13–18 years old.

Pharmacotherapy, in particular, directly targets biologic
adaptations and counterregulatory mechanisms through action
on appetite and hunger (39, 41). Note, that with any of the
interventions utilized to treat obesity, there is an anticipated
metabolic adaptation to WL. It is not uncommon for patients
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TABLE 10 | Effect on final weight loss, off-label patients—adjusted analyses.

Young Adults (19–25 years old) Adolescents (13–18 years old) Children (5–12 years old)

‡N = 376 medication instances ‡N = 168 medication instances ‡N = 27 medication instances

%TBW (95% CI) P-value 1BMIz (95% CI) P-value 1BMIz (95% CI) P-value

Medication*

Metformin −1.68 (−2.8–0.6) 0.003 −0.02 (0.0–0.0) 0.03 0.01 (−0.1–0.1) >0.1

Topiramate 1.31 (0.3–2.3) 0.01 −0.03 (−0.1–0.0) >0.1 −0.01 (−0.1–0.1) >0.1

Bupropion −6.79 (−13.2–0.4) 0.04 — — — —

Phentermine 1.37 (0.0–2.8) 0.06 0.15 (0.1–0.2) <0.001 — —

Zonisamide −2.37 (−7.7–3.0) >0.1 — — — —

Naltrexone 2.39 (0.3–4.4) 0.02 — — — —

Orlistat −1.77 (−4.2–0.6) >0.1 — — — —

Obesity class

Overweight ref — ref — ref —

Class I (mild) 5.86 (2.0–9.8) 0.003 0.07 (−0.1–0.3) >0.1 — —

Class II (moderate) 8.45 (4.8–12.1) <0.001 0.10 (−0.1–0.3) >0.1 −0.05 (−0.3–0.2) >0.1

Class III (severe) 7.74 (4.1–11.3) <0.001 0.08 (−0.1–0.3) >0.1 0.01 (−0.2–0.2) >0.1

Age at med initiation, years 0.18 (−0.2–0.6) >0.1 0.01 (0.0–0.0) >0.1 −0.02 (−0.1–0.0) >0.1

Female sex −0.83 (−3.0–1.3) >0.1 −0.01 (−0.1–0.0) >0.1 −0.02 (−0.3–0.3) >0.1

Race

White ref — ref — ref —

Black −2.64 (−4.9–0.4) 0.02 0.09 (0.0–0.2) 0.005 −0.28 (−0.5–0.1) 0.01

Hispanic −1.53 (−3.6–0.6) >0.1 0.04 (0.0–0.1) >0.1 −0.11 (−0.4–0.2) >0.1

Asian −1.62 (−7.8–4.5) >0.1 0.05 (0.0–0.1) >0.1 — —

Insurance

Private ref — ref — ref —

Medicaid 0.51 (−1.1–2.1) >0.1 0.03 (0.0–0.1) >0.1 0.08 (−0.1–0.3) >0.1

Self-pay −1.72 (−10.4–7.0) >0.1 −0.03 (−0.1–0.0) >0.1 — —

Obesity-related illnesses, N

0 ref — ref — ref —

1–2 −0.97 (−4.5–2.5) >0.1 0.01 (−0.1–0.1) >0.1 −0.32 (−0.8–0.2) >0.1

3–4 0.42 (−2.9–3.7) >0.1 −0.01 (−0.1–0.1) >0.1 −0.40 (−0.7–0.1) 0.02

5–6 −1.36 (−4.8–2.1) >0.1 −0.10 (−0.2–0.0) 0.05 — —

≥6 1.51 (−3.3–6.3) >0.1 −0.22 (−0.6–0.2) >0.1 −0.39 (−0.8–0.0) 0.06

*Coefficient indicates difference between respective medication and the overall frequency-weighted mean. ‡N, patients with both pre-medication and post-medication weights recorded

in chart. ref, reference group. Bold and italic value represents means-statistically significant.

with obesity to experience WL followed by weight regain
(42). In a 2011 paper delving into the physiology of WL and
regain, Maclean and colleagues summarize this phenomenon and
conclude that treatments must therefore be wholly exhaustive
and redundant to overcome this biology (43).

Though weight reduction in our study was modest, studies
have shown that initial WL with behavioral changes and
adjunctive pharmacotherapy is enough to reduce significant
health risks associated with many obesity-related conditions
(44). In a systematic review for the US Preventive Services
Task Force (USPSTF) of recent randomized-controlled
trials, researchers found that the control groups were more
likely to continue to gain excess weight compared to the
pharmacologic treatment groups. They concluded that even
an arrest in weight gain may prove clinically significant over a
lifetime (38).

Unfortunately, there are several barriers to medication
adherence including inadequate compliance, adverse effects,
insurance coverage and other reasons for medication
discontinuation as demonstrated in this study. There is
also prescriber resistance to AOM use while awaiting results
of FDA-approved long-term outcome trials and inadequate
obesity education across the continuum from medical school
to fellowship (19, 45). Hence, most current prescribers of
AOMs remain endocrinologists who are more comfortable
with managing these medications for other indications
despite availability of certification by the American Board
of Obesity Medicine (ABOM). A recent study demonstrates that
pediatricians are least likely to become certified by the ABOM to
treat patients with obesity despite the consistent rise of obesity
among the pediatric population (19, 46). Still, off-label systemic
medication prescribing for unapproved conditions in pediatrics

Frontiers in Endocrinology | www.frontiersin.org 12 May 2020 | Volume 11 | Article 290

https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org
https://www.frontiersin.org/journals/endocrinology#articles


Czepiel et al. Pharmacotherapy for Weight Reduction in Pediatrics

FIGURE 2 | Graphical representation of the final weight loss distribution in adolescent cohort (A) across all medications, (B) on metformin, (C) on topiramate, (D) on

bupropion, (E) on phentermine, and (F) on zonisamide.

has increased in recent years (47). As seen in this study, most of
the medications on market and in use for separate indications are
FDA-approved for adults for obesity and are often used off-label
to treat obesity in the pediatric population.

A recent policy statement from the American Academy of
Pediatrics (AAP) recommended improved access for pediatric
patients “to multidisciplinary programs that provide high quality

pediatric metabolic and bariatric surgery” with no lower age limit
given emerging long-term outcome data (15, 16, 48). With this
shift in policy comes an even greater role for pharmacotherapy
treatment as prior studies have found that AOMs serve as a
useful adjunct in postsurgical patients following bariatric surgery
to treat inadequate WL or weight regain (49–53). Unfortunately,
there also remain significant barriers toMBS for themanagement
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FIGURE 3 | Graphical representation of the final weight loss distribution in young adult cohort (A) across all medications, (B) on metformin, (C) on topiramate, (D) on

bupropion, (E) on phentermine, (F) on zonisamide, (G) on naltrexone, (H) on orlistat, and (I) on liraglutide.

of pediatric obesity relating to racial disparities in that white
adolescents are more likely to undergo MBS despite higher rates
of obesity existing amongst black and Hispanic youth (54).

Medications are uniquely suited for use in the pediatric
population because children with obesity have a greater degree
of disease plasticity (4). The fact remains that there are far
greater FDA-approved options available to adults with obesity
than for children and adolescents. This study supports the
need for more clinical trials and greater efforts which focus
on FDA-approval of medications for WL in pediatrics to target
obesity early.

In conclusion, our study demonstrates that AOMs may play a
role in weightmanagement for adolescents and young adults with
obesity and should be considered an important component of a
multimodal approach to managing this severe and deleterious
condition. Their use may become particularly important as
patients who undergo lifestyle modification or MBS continue
to face challenges with attaining and maintaining appropriate,
durable WL. Prospective studies should be conducted to
better understand the impact of these medications in the
pediatric population.

DATA AVAILABILITY STATEMENT

All datasets generated for this study are included in the
article/Supplementary Material.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Partners Institutional Review Board (IRB)
prior to written informed consent from the participants’ legal
guardian/next of kin was not required to participate in this
study in accordance with the national legislation and the
institutional requirements.

AUTHOR CONTRIBUTIONS

FS and KJC contributed to conception and design of the study.
KJC and NP organized the database. KJC, SS, and KSC completed
manual chart review. NP performed the statistical analysis. KSC
wrote the first draft of the manuscript. NP and KSC wrote

Frontiers in Endocrinology | www.frontiersin.org 14 May 2020 | Volume 11 | Article 290

https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org
https://www.frontiersin.org/journals/endocrinology#articles


Czepiel et al. Pharmacotherapy for Weight Reduction in Pediatrics

sections of the final manuscript. All authors contributed to
manuscript revision, read, and approved the submitted version.

FUNDING

This work was supported by the Physician/Scientist Development
Award (PSDA) granted by the Executive Committee on

Research (ECOR) at MGH (FS), NIH P30 DK040561 (FS), L30
DK118710 (FS).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fendo.
2020.00290/full#supplementary-material

REFERENCES

1. Skinner AC, Ravanbakht SN, Skelton JA, Perrin EM, Armstrong SC.
Prevalence of obesity and severe obesity in USChildren, 1999-2016. Pediatrics.
(2018) 141:e20173459. doi: 10.1542/peds.2017-3459

2. Khera AV, Chaffin M, Wade KH, Zahid S, Brancale J, Xia R, et al. Polygenic
prediction of weight and obesity trajectories from birth to adulthood. Cell.
(2019) 177:587–96. doi: 10.1016/j.cell.2019.03.028

3. Perrin EM, Rothman RL, Sanders LM, Skinner AC, Eden SK,
Shintani A, et al. Racial and ethnic differences associated with
feeding- and activity-related behaviors in infants. Pediatrics. (2014)
133:e857–67. doi: 10.1542/peds.2013-1326

4. Browne AF. Therapeutic options to treat pediatric obesity. Gastrointest Endosc
Clin N Am. (2017) 27:313–26. doi: 10.1016/j.giec.2017.01.003

5. Guo SS, Wu W, Chumlea WC, Roche AF. Predicting overweight and obesity
in adulthood from body mass index values in childhood and adolescence. Am
J Clin Nutr. (2002) 76:653–8. doi: 10.1093/ajcn/76.3.653

6. Freedman DS, Mei Z, Srinivasan SR, Berenson GS, Dietz WH.
Cardiovascular risk factors and excess adiposity among overweight
children and adolescents: the bogalusa heart study. J Pediatr. (2007)
150:12–7. doi: 10.1016/j.jpeds.2006.08.042

7. Franks PW, Hanson RL, Knowler WC, Sievers ML, Bennett PH, Looker HC.
Childhood obesity, other cardiovascular risk factors, and premature death. N
Engl J Med. (2010) 362:485–93. doi: 10.1056/NEJMoa0904130

8. Rundle AG, Factor-Litvak P, Suglia SF, Susser ES, Kezios KL, Lovasi GS,
et al. Tracking of obesity in childhood into adulthood: effects on body
mass index and fat mass index at age 50. Child Obes. (2020) 16:226–
33. doi: 10.1089/chi.2019.0185

9. Griggs CL, Perez NP, Chan MC, Pratt JS. Slipped capital femoral epiphysis
and Blount disease as indicators for early metabolic surgical intervention. Surg
Obes Relat Dis. (2019) 15:1836–41. doi: 10.1016/j.soard.2019.06.024

10. Al-Khudairy L, Loveman E, Colquitt JL, Mead E, Johnson RE, Fraser H,
et al. Diet, physical activity and behavioural interventions for the treatment
of overweight or obese adolescents aged 12 to 17 years. Cochrane Database
Syst Rev. (2017) 6:CD012691. doi: 10.1002/14651858.CD012691

11. Ogden CL, Fryar CD, Hales CM, Carroll MD, Aoki Y, Freedman DS.
Differences in obesity prevalence by demographics and urbanization
in US children and adolescents, 2013-2016. JAMA. (2018) 319:2410–
8. doi: 10.1001/jama.2018.5158

12. Cuda SE, Censani M. Pediatric obesity algorithm: a practical
approach to obesity diagnosis and management. Front Pediatr. (2018)
6:431. doi: 10.3389/fped.2018.00431

13. Stanford FC, Mushannen T, Cortez P, Campoverde Reyes KJ, Lee H, Gee
DW, et al. Comparison of short and long-term outcomes of metabolic
and bariatric surgery in adolescents and adults. Front Endocrinol. (2020)
11:157. doi: 10.3389/fendo.2020.00157

14. Pratt JS, Browne A, Browne NT, Bruzoni M, Cohen M, Desai A, et al. ASMBS
pediatric metabolic and bariatric surgery guidelines, 2018. Surg Obes Relat Dis.
(2018) 14:882–901. doi: 10.1016/j.soard.2018.03.019

15. Armstrong SC, Bolling CF, Michalsky MP, Reichard KW, Section On Obesity
SOS. Pediatric metabolic and bariatric surgery: evidence, barriers, and best
practices. Pediatrics. (2019) 144. doi: 10.1542/peds.2019-3223

16. Bolling CF, Armstrong SC, Reichard KW, Michalsky MP, Section On Obesity
SOS.Metabolic and bariatric surgery for pediatric patients with severe obesity.
Pediatrics. (2019) 144. doi: 10.1542/peds.2019-3224

17. Griggs CL, Perez NP, Jr., Goldstone RN, Kelleher CM, Chang DC, et al.
National trends in the use of metabolic and bariatric surgery among
pediatric patients with severe obesity. JAMA Pediatr. (2018) 172:1191–
2. doi: 10.1001/jamapediatrics.2018.3030

18. Ameer B, Weintraub MA. Pediatric obesity: influence on drug
dosing and therapeutics. J Clin Pharmacol. (2018) 58 (Suppl.
10):S94–107. doi: 10.1002/jcph.1092

19. Thomas CE, Mauer EA, Shukla AP, Rathi S, Aronne LJ. Low adoption of
weight loss medications: a comparison of prescribing patterns of antiobesity
pharmacotherapies and SGLT2s. Obesity (Silver Spring). (2016) 24:1955–
61. doi: 10.1002/oby.21533

20. Styne DM, Arslanian SA, Connor EL, Farooqi IS, Murad MH, Silverstein JH,
et al. Pediatric obesity-assessment, treatment, and prevention: an endocrine
society clinical practice guideline. J Clin Endocrinol Metab. (2017) 102:709–
57. doi: 10.1210/jc.2017-00561

21. Colman E. Food and drug administration’s obesity drug guidance
document: a short history. Circulation. (2012) 125:2156–
64. doi: 10.1161/CIRCULATIONAHA.111.028381

22. Sherafat-Kazemzadeh R, Yanovski SZ, Yanovski JA. Pharmacotherapy for
childhood obesity: present and future prospects. Int J Obes (Lond). (2013)
37:1–15. doi: 10.1038/ijo.2012.144

23. Kelly AS, Fox CK, Rudser KD, Gross AC, Ryder JR. Pediatric obesity
pharmacotherapy: current state of the field, review of the literature
and clinical trial considerations. Int J Obes (Lond). (2016) 40:1043–
50. doi: 10.1038/ijo.2016.69

24. Childhood Obesity Facts. Available online at: https://www.cdc.gov/obesity/
data/childhood.html.

25. Kelly AS, Barlow SE, Rao G, Inge TH, Hayman LL, Steinberger
J, et al. Severe obesity in children and adolescents: identification,
associated health risks, and treatment approaches: a scientific statement
from the American Heart Association. Circulation. (2013) 128:1689–
712. doi: 10.1161/CIR.0b013e3182a5cfb3

26. Defining Adult Overweight and Obesity | Overweight & Obesity | CDC.
Available online at: https://www.cdc.gov/obesity/adult/defining.html.

27. Adult Obesity Facts. Available online at: https://www.cdc.gov/obesity/data/
adult.html.

28. Freedman DS, Berenson GS. Tracking of BMI <em>z</em> scores
for severe obesity. Pediatrics. (2017) 140:e20171072. doi: 10.1542/peds.
2017-1072

29. Gulati AK, Kaplan DW, Daniels SR. Clinical tracking of
severely obese children: a new growth chart. Pediatrics. (2012)
130:1136–40. doi: 10.1542/peds.2012-0596

30. Flegal KM, Wei R, Ogden CL, Freedman DS, Johnson CL, Curtin LR.
Characterizing extreme values of body mass index-for-age by using the 2000.
centers for disease control and prevention growth charts. Am J Clin Nutr.

(2009) 90:1314–20. doi: 10.3945/ajcn.2009.28335
31. Pilitsi E, Farr OM, Polyzos SA, Perakakis N, Nolen-Doerr E,

Papathanasiou AE, et al. Pharmacotherapy of obesity: available
medications and drugs under investigation. Metabolism. (2019)
92:170–92. doi: 10.1016/j.metabol.2018.10.010

32. Grandone A, Di Sessa A, Umano GR, Toraldo R, Miraglia Del Giudice E. New
treatment modalities for obesity. Best Pract Res Clin Endocrinol Metab. (2018)
32:535–49. doi: 10.1016/j.beem.2018.06.007

33. Orlistat, FDA Labeled Indication, Recommendation and Evidence Rating.
Available online at: www.micromedexsolutions.com (accessed April 4, 2020).

Frontiers in Endocrinology | www.frontiersin.org 15 May 2020 | Volume 11 | Article 290

https://www.frontiersin.org/articles/10.3389/fendo.2020.00290/full#supplementary-material
https://doi.org/10.1542/peds.2017-3459
https://doi.org/10.1016/j.cell.2019.03.028
https://doi.org/10.1542/peds.2013-1326
https://doi.org/10.1016/j.giec.2017.01.003
https://doi.org/10.1093/ajcn/76.3.653
https://doi.org/10.1016/j.jpeds.2006.08.042
https://doi.org/10.1056/NEJMoa0904130
https://doi.org/10.1089/chi.2019.0185
https://doi.org/10.1016/j.soard.2019.06.024
https://doi.org/10.1002/14651858.CD012691
https://doi.org/10.1001/jama.2018.5158
https://doi.org/10.3389/fped.2018.00431
https://doi.org/10.3389/fendo.2020.00157
https://doi.org/10.1016/j.soard.2018.03.019
https://doi.org/10.1542/peds.2019-3223
https://doi.org/10.1542/peds.2019-3224
https://doi.org/10.1001/jamapediatrics.2018.3030
https://doi.org/10.1002/jcph.1092
https://doi.org/10.1002/oby.21533
https://doi.org/10.1210/jc.2017-00561
https://doi.org/10.1161/CIRCULATIONAHA.111.028381
https://doi.org/10.1038/ijo.2012.144
https://doi.org/10.1038/ijo.2016.69
https://www.cdc.gov/obesity/data/childhood.html
https://www.cdc.gov/obesity/data/childhood.html
https://doi.org/10.1161/CIR.0b013e3182a5cfb3
https://www.cdc.gov/obesity/adult/defining.html
https://www.cdc.gov/obesity/data/adult.html
https://www.cdc.gov/obesity/data/adult.html
https://doi.org/10.1542/peds.2017-1072
https://doi.org/10.1542/peds.2012-0596
https://doi.org/10.3945/ajcn.2009.28335
https://doi.org/10.1016/j.metabol.2018.10.010
https://doi.org/10.1016/j.beem.2018.06.007
www.micromedexsolutions.com
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org
https://www.frontiersin.org/journals/endocrinology#articles


Czepiel et al. Pharmacotherapy for Weight Reduction in Pediatrics

34. Phentermine Hydrochloride, FDA Labeled Indication, Recommendation

and Evidence Rating. Available online at: www.micromedexsolutions.com
(accessed April 4, 2020).

35. Matson KL, Fallon RM. Treatment of obesity in children and adolescents. J
Pediatr Pharmacol Ther. (2012) 17:45–57. doi: 10.5863/1551-6776-17.1.45

36. Rogovik AL, Chanoine JP, Goldman RD. Pharmacotherapy and weight-
loss supplements for treatment of paediatric obesity. Drugs. (2010) 70:335–
46. doi: 10.2165/11319210-000000000-00000

37. Cardel MI, Atkinson MA, Taveras EM, Holm JC, Kelly AS. Obesity treatment
among adolescents: a review of current evidence and future directions. JAMA

Pediatr. (2020). doi: 10.1001/jamapediatrics.2020.0085. [Epub ahead of print].
38. O’Connor EA, Evans CV, Burda BU, Walsh ES, Eder M, Lozano P. Screening

for obesity and intervention for weight management in children and
adolescents: evidence report and systematic review for the us preventive
services task force. JAMA. (2017) 317:2427–44. doi: 10.1001/jama.20
17.0332

39. Danielsson P, Kowalski J, Ekblom O, Marcus C. Response of severely obese
children and adolescents to behavioral treatment. Arch Pediatr Adolesc Med.

(2012) 166:1103–8. doi: 10.1001/2013.jamapediatrics.319
40. Srivastava G, O’Hara V, Browne N. Use of lisdexamfetamine to treat obesity

in an adolescent with severe obesity and binge eating. Children (Basel). (2019)
6:E22. doi: 10.3390/children6020022

41. Srivastava G, Apovian C. Future pharmacotherapy for obesity:
new anti-obesity drugs on the horizon. Curr Obes Rep. (2018)
7:147–61. doi: 10.1007/s13679-018-0300-4

42. Fox CK, Kelly AS. The potential role of combination pharmacotherapy to
improve outcomes of pediatric obesity: a case report and discussion. Front
Pediatr. (2018) 6:361. doi: 10.3389/fped.2018.00361

43. Maclean PS, Bergouignan A, Cornier MA, Jackman MR. Biology’s response to
dieting: the impetus for weight regain. Am J Physiol Regul Integr Comp Physiol.

(2011) 301:R581–600. doi: 10.1152/ajpregu.00755.2010
44. Velazquez A, Apovian CM. Updates on obesity pharmacotherapy. Ann N Y

Acad Sci. (2018) 1411:106–19. doi: 10.1111/nyas.13542
45. Mastrocola MR, Roque SS, Benning LV, Stanford FC. Obesity

education in medical schools, residencies, and fellowships throughout
the world: a systematic review. Int J Obes (Lond). (2019)
44:269–79. doi: 10.1038/s41366-019-0453-6

46. Gudzune KA, Johnson VR, Bramante CT, Stanford FC. Geographic
availability of physicians certified by the american board of obesity medicine
relative to obesity prevalence. Obesity (Silver Spring). (2019) 27:1958–
66. doi: 10.1002/oby.22628

47. Hoon D, Taylor MT, Kapadia P, Gerhard T, Strom BL, Horton DB. Trends
in off-label drug use in ambulatory settings: 2006-2015. Pediatrics. (2019)
144:e20190896. doi: 10.1542/peds.2019-0896

48. Inge TH, Jenkins TM, Xanthakos SA, Dixon JB, Daniels SR, Zeller MH, et al.
Long-term outcomes of bariatric surgery in adolescents with severe obesity
(FABS-5+): a prospective follow-up analysis. Lancet Diabetes Endo. (2017)
5:165–73. doi: 10.1016/S2213-8587(16)30315-1

49. Stanford FC, Alfaris N, Gomez G, Ricks ET, Shukla AP, Corey KE, et al. The
utility of weight loss medications after bariatric surgery for weight regain
or inadequate weight loss: a multi-center study. Surg Obes Relat Dis. (2017)
13:491–500. doi: 10.1016/j.soard.2016.10.018

50. Toth AT, Gomez G, Shukla AP, Pratt JS, Cena H, Biino G, et al. Weight
loss medications in young adults after bariatric surgery for weight regain
or inadequate weight loss: a multi-center study. Children (Basel). (2018)
5:E116. doi: 10.3390/children5090116

51. Nor Hanipah Z, Nasr EC, Bucak E, Schauer PR, Aminian A, Brethauer SA,
et al. Efficacy of adjuvant weight loss medication after bariatric surgery. Surg
Obes Relat Dis. (2018) 14:93–8. doi: 10.1016/j.soard.2017.10.002

52. Schwartz J, Chaudhry UI, Suzo A, Durkin N, Wehr AM, Foreman
KS, et al. Pharmacotherapy in conjunction with a diet and exercise
program for the treatment of weight recidivism or weight loss plateau
post-bariatric surgery: a retrospective review. Obes Surg. (2016) 26:452–
8. doi: 10.1007/s11695-015-1979-x

53. Stanford FC. Controversial issues: a practical guide to the use of weight
loss medications after bariatric surgery for weight regain or inadequate
weight loss. Surg Obes Relat Dis. (2019) 15:128–32. doi: 10.1016/j.soard.2018.
10.020

54. Perez NP, Westfal ML, Stapleton SM, Stanford FC, Griggs CL, Pratt
JS, et al. Beyond insurance: race-based disparities in the use of
metabolic and bariatric surgery for the management of severe pediatric
obesity. Surg Obes Relat Dis. (2020) 16:414–9. doi: 10.1016/j.soard.2019.
11.020

Conflict of Interest: Employment by Novo Nordisk (SS); medical advisor to Novo
Nordisk (FS).

The remaining authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential
conflict of interest.

Copyright © 2020 Czepiel, Perez, Campoverde Reyes, Sabharwal and Stanford. This

is an open-access article distributed under the terms of the Creative Commons

Attribution License (CC BY). The use, distribution or reproduction in other forums

is permitted, provided the original author(s) and the copyright owner(s) are credited

and that the original publication in this journal is cited, in accordance with accepted

academic practice. No use, distribution or reproduction is permitted which does not

comply with these terms.

Frontiers in Endocrinology | www.frontiersin.org 16 May 2020 | Volume 11 | Article 290

www.micromedexsolutions.com
https://doi.org/10.5863/1551-6776-17.1.45
https://doi.org/10.2165/11319210-000000000-00000
https://doi.org/10.1001/jamapediatrics.2020.0085
https://doi.org/10.1001/jama.2017.0332
https://doi.org/10.1001/2013.jamapediatrics.319
https://doi.org/10.3390/children6020022
https://doi.org/10.1007/s13679-018-0300-4
https://doi.org/10.3389/fped.2018.00361
https://doi.org/10.1152/ajpregu.00755.2010
https://doi.org/10.1111/nyas.13542
https://doi.org/10.1038/s41366-019-0453-6
https://doi.org/10.1002/oby.22628
https://doi.org/10.1542/peds.2019-0896
https://doi.org/10.1016/S2213-8587(16)30315-1
https://doi.org/10.1016/j.soard.2016.10.018
https://doi.org/10.3390/children5090116
https://doi.org/10.1016/j.soard.2017.10.002
https://doi.org/10.1007/s11695-015-1979-x
https://doi.org/10.1016/j.soard.2018.10.020
https://doi.org/10.1016/j.soard.2019.11.020
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org
https://www.frontiersin.org/journals/endocrinology#articles

	Pharmacotherapy for the Treatment of Overweight and Obesity in Children, Adolescents, and Young Adults in a Large Health System in the US
	Introduction
	Methods
	Data Source
	Patient Population
	Data Extraction
	Statistical Analysis

	Results
	Children
	Unadjusted Analyses
	Adjusted Analyses
	Off-Label Analyses

	Adolescents
	Unadjusted Analyses
	Adjusted Analyses
	Off-Label Analyses

	Young Adults
	Unadjusted Analyses
	Adjusted Analyses
	Off-Label Analyses


	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References


