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The prevalence of childhood and adolescent obesity continues to rise in the United States (US). Immediate
health consequences are being observed, and long-term risks are mounting within the pediatric
population, secondary to obesity. The hallmark of prevention and treatment of obesity in children and
adolescents includes lifestyle modification (i.e., dietary modification, increased physical activity, and
behavioral modifications). However, when intensive lifestyle modification is insufficient to reach weight loss
goals, adjunctive pharmacotherapy is recommended. Among the group of weight-loss medications,
orlistat is the only US Food and Drug Administration (FDA)-approved prescription drug for the treatment of
overweight and obese adolescents. Other medications, including metformin, need larger studies to
establish their role in treatment. No single approach to management of pediatric obesity is the answer,
given the complexity of the disorder and the many reasons for failure. Evidence of weight loss medications
in addition to lifestyle modification supports short-term efficacy for treatment of obese children and
adolescents, although long-term results remain unclear.
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INTRODUCTION

Overweight and obese children and adolescents
continue to be a public health concern in the United
States (US). Being overweight in US children 2 to
19 years of age is defined as a body mass index
(BMI) between the 85th and 95th percentile, while
obesity is defined as a BMI at or above the 95th

percentile for children of the same age and sex.1 For
adults (i.e., .19 years of age), overweight is defined
as BMI of 25 to 29.9 kg/m2 and obesity as BMI .30
kg/m2.1 Since 1980, the prevalence of obesity has
tripled among school-aged children and adoles-
cents.2 A recent study from 2007 to 2008 reported
16.9% of children and adolescents aged 2 through
19 years were at or above the 95th percentile of the
BMI-for-age growth charts, and almost 32% of
subjects were at or above the 85th percentile of BMI
for age.2

Immediate health consequences of childhood
obesity may include social discrimination, low
self-esteem, and delayed academic and social
functioning.1 Additionally, obese children and
adolescents have been found to have risk factors
for cardiovascular disease (CVD), including hyper-

lipidemia, hypertension, and abnormal glucose
tolerance. Among 5- to 17-year-old children in a
population-based sample, 70% of subjects had at
least 1 CVD risk factor, while 39% of subjects had 2
or more CVD risk factors.1 Asthma, hepatic
steatosis, sleep apnea, and type 2 diabetes have
also been associated with increased weight in
children.3 Long-term risks include adult obesity,
ischemic stroke, joint disease, cancer, coronary
heart disease, and many chronic conditions men-
tioned above.3,4

Treatment of pediatric obesity is imperative to
the overall health and wellness of children and
adolescents, in response to which the Endocrine
Society, American Academy of Pediatrics (AAP),
US Department of Health and Human Services,
and Office of the US Surgeon General have
published guiding materials.4–6 Support for lifestyle
modification (i.e., dietary and behavioral modifica-
tion and physical activity) for both children and
their families is essential for healthy living and a
prerequisite for all overweight and obesity treat-
ments. Dietary recommendations include avoidance
or reduction of calorie-dense, nutrient-poor foods
(i.e., ‘‘fast food’’) as well as sugar-sweetened

J Pediatr Pharmacol Ther 2012 Vol. 17 No. 1 � www.jppt.org 45

JPPT



beverages, sports drinks, and fruit drinks and
juices.7,8 Evidence is growing, especially in regard
to sugar-sweetened beverages, that suggests an
association with weight gain in children and
adolescents. One study observed that for every
additional serving of sugar-sweetened drink con-
sumed daily, the odds of becoming obese in
childhood increases by 60%.1,9 Sixty minutes of
daily moderate to vigorous physical activity is also
recommended, and the aim is to find activities that
children and their families can do together consis-
tently.4,10 Currently, older children are noted to
spend less time engaged in physical activity,
specifically during school hours. Daily participation
in physical education in schools has dropped from
42% in 1991 to 33% in 2009 among adolescents.11

To augment physical activity, decreasing the time
spent in sedentary activities such as watching
television and digital versatile disc (DVD)/motion
pictures, playing video games, or using computers
for recreation should be encouraged.4,12 Reports
from the AAP state the average child watches 3
hours of television per day, and, combined with
other media, the average time spent is over 6½
hours.12 Additional recommendations for parental
modeling of healthy habits are key components to a
child’s success.4,10 Support for breastfeeding and
education of proper nutrition and physical activity
for parents is important in addition to the creation
of childcare, school, and community programs that
implement healthy habits.4,6,13,14

Despite intensive lifestyle modifications and
support for healthy practices within children’s
environment, some children will continue to strug-
gle with extreme excess weight and associated
comorbidities.4,15 Because intensive lifestyle modi-
fication alone has failed for obese children and
adolescents, practice guidelines from the Endocrine
Society recommend that a combination of pharma-
cotherapy and lifestyle modification be considered.4

Overweight children should not be treated with
medications unless significant, severe comorbidities
persist despite lifestyle modification. The use of
pharmacotherapy should also be considered in
overweight children with a strong family history
of type 2 diabetes or cardiovascular risk factors.
Currently, the only FDA-approved prescription
drug indicated for the treatment of pediatric obesity
is orlistat (Xenical; Genentech USA, Inc., South
San Francisco, CA).16 However, metformin and
several other drugs have been observed to show
promise in their treatment of overweight and obese
adolescents. This article reviews the effectiveness
and safety of the medications currently being used
to treat childhood and adolescent obesity.

METHODS

A comprehensive literature search was per-
formed using Medline (1950-May 2011) and Co-
chrane Database of Systematic Reviews (2000-May
2011). Search terms included child, adolescent(s),
obese, obesity, overweight, treatment, orlistat,
sibutramine, metformin, growth hormone, octreo-
tide, and topiramate. To maximize the literature
evaluated, all studies published in English were
considered for review without regard for study
design. Studies were included if they assessed the
effects of pharmacological treatment in overweight
and/or obese children and adolescents. All data are
given as means 6 SD, unless otherwise noted.

PHARMACOLOGICAL TREATMENT

Orlistat
Approved for use in children .12 years by the

FDA in 2003, orlistat (Genentech USA), 120 mg
three times daily, is a reversible gastric and
pancreatic lipase inhibitor that limits the gastroin-
testinal absorption of dietary cholesterols by
approximately 30%.16 The resulting decrease in
caloric intake is proposed to alter energy balance,
thereby, causing a beneficial effect on weight
management.16–18 Because this agent causes a
reduction in plasma fat-soluble vitamin levels it
may also complicate adolescent growth and devel-
opment; thus, concomitant administration of a
daily multivitamin is recommended.16,19,20 Orlistat
is currently approved for over-the-counter use (60
mg three times daily; Alli; GlaxoSmithKline,
Brentford, Middlesex, UK) and by prescription
(120 mg three daily). A number of trials have
evaluated the use of orlistat in children and
adolescents (Table 1).21–26

The first US study involving orlistat was a safety
and efficacy trial in 20 obese adolescents (mean age,
14.6 6 2.0 years; mean baseline BMI, 44.1 6 12.6
kg/m2).21 As an adjunct to a comprehensive
behavioral program, patients received orlistat and
a daily multivitamin for 3 and 6 months. All
patients had one of the following obesity-related
comorbidities: hypertension, type 2 diabetes or
glucose intolerance, hyperinsulinemia, hyperlipid-
emia, hepatic steatosis, or documented sleep apnea.
Significant decreases in weight (�4.4 6 4.6 kg;
p,0.001) and BMI (�1.9 6 2.5 kg/m2; p,0.002)
were demonstrated after 3 months of orlistat
therapy. Significant improvement in plasma lipids,
including total cholesterol (p,0.001), low-density
lipoprotein (LDL) cholesterol (p,0.0001), and
fasting glucose concentration (p,0.003) were also
reported. Furthermore, the data suggested that
Caucasians may experience a significantly greater
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weight loss (�7.86 vs. þ0.36 kg, p,0.05) and
improvement in plasma lipids than African Amer-
icans.21,22

A second study evaluated orlistat therapy in 11
severely obese, prepubertal Swedish children (me-
dian age, 10.7 years; range, 8.3-12.3 years).23

Although the primary aim of that study was to
determine safety, compliance, and psychological
well-being of orlistat treatment, a median weight
loss of 4 kg was also reported (range, �12.7 kg to
þ2.5 kg, p¼0.016). Although the authors permitted
orlistat to be administered up to four times daily
with meals, doses above the approved 120 mg three
times daily have not been shown to provide
additional benefit.21 Overall, compliance was
.98%, and favorable effects on psychological
well-being were noted. No changes in serum
cholesterol or triglycerides values occurred during
treatment.23

A prospective, open-label, pilot trial investigated
the efficacy and tolerability of orlistat in 42 obese,
otherwise healthy, Turkish adolescents.24 In addi-
tion to nutritional and lifestyle modification pro-
grams, 22 patients were randomized to receive
orlistat (median age, 12.9 6 2.4 years; baseline
BMI, 32.5 kg/m2) and a multivitamin, while 20
patients were assigned to the control group (median
age, 12.5 6 2.2 years; baseline BMI, 31.2 kg/m2).
Fifteen patients who remained in each group after 1
month of treatment were followed for an average of
1 year (range, 5-15 months). The orlistat group
(�6.27 6 5.4 kg) lost significantly more weight than
the control group (þ4.16 6 6.45 kg).

Presently, the largest published trial of orlistat
use in adolescents consists of a multicenter,
placebo-controlled safety and efficacy study at 32
centers in the United States and Canada.25 In
conjunction with diet, behavioral, and lifestyle
modifications, patients were randomized to receive
orlistat (n¼357) or placebo (n¼182) three times daily
for 1 year. All participants were maintained on a
nutritionally balanced, hypocaloric diet designed to
produce an initial weight loss of up to 1 kg per
week. Both groups experienced a mean decrease in
BMI at week 12. However, at the end of the study,
the mean BMI was lower by 0.55 kg/m2 in the
orlistat group but higher in the placebo group by
0.31 kg/m2 (p¼0.001). No significant changes were
demonstrated in serum cholesterol levels (i.e., total
cholesterol, LDL, high-density lipoprotein [HDL],
and LDL-to-HDL ratio) and markers of insulin
sensitivity (i.e., insulin, glucose).

Most recently, a randomized, double-blind trial
compared the effects of 6 months of orlistat
treatment or placebo on BMI in 40 adolescents
with a BMI in the .85th percentile for age/sex was
conducted.26 In that evaluation, both groups

experienced a significant change in BMI from
baseline to 6 months (orlistat, �1.3 6 1.6 kg/m2,
p¼0.04; placebo, �0.8 6 3.0 kg/m2, p¼0.02) likely
due to the dietary and exercise counseling that all
patients received. However, there was no statisti-
cally significant difference between the two groups.
Additionally, no significant differences were noted
in serum lipids, glucose, or levels of vitamins A and
E related to orlistat administration.

Due to its minimal systemic absorption, orlistat
provides a relatively favorable side effect profile
compared to many other appetite-suppressant
drugs.27,28 Gastrointestinal complaints were most
common and documented in up to 100% of patients
in the aforementioned pediatric evaluations.21–26

Specifically, increased stool frequency, fatty/oily
stools, and oily spotting on clothes were most
frequently reported.21–23,25,26 Such side effects were
usually mild to moderate and generally transient;
nearly half of all gastrointestinal complaints re-
solved in ,1 week, and the majority resolve by 1
month of treatment.16.22,26 Some data also suggest
that these gastrointestinal events may be minimized
by a reduction in dietary fat intake and/or use of
supplemental psyllium mucilloid or dietary fibers.29

Although orlistat has been studied in a relatively
small number of pediatric patients, a regimen of 120
mg three times daily in combination with dietary
and lifestyle modifications has resulted in a
significant decrease in BMI from baseline ranging
from 0.5 to 4.09 kg/m2 in trials. Despite the
frequent nature of gastrointestinal complaints,
study completion rates ranged from 65% to 100%
with reported medication adherence rates between
73% and 98%; this variance is likely the result of
differences in study design and patient populations
between authors. Notably, two reports were ran-
domized, blinded studies including the largest
evaluation in over 500 adolescents.25,26 However,
true blinding may have been difficult to accomplish
given the higher incidence of orlistat-associated
gastrointestinal complaints.25,26 At present, data
supporting extended orlistat use is lacking, with the
evaluations ranging from 3 to 15 months.21–26 More
data are needed to clarify differences in weight-loss
and improvement in lipids and cholesterol profiles
between the aforementioned reports. Combined
data from pediatric trials suggest that orlistat may
be a safe and effective adjunct to dietary and
behavioral modifications in the treatment of obesity
for patients .8 years old. Close provider follow-up
is warranted until additional longer-term studies
confirm the safety of orlistat in this population.21,22

Metformin
Metformin (Glucophage; Bristol-Myers Squibb

Company, Princeton, NJ) is a biguanide derivative
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used for the treatment of type 2 diabetes mellitus in
adults and children at least 10 years of age.30 Excess
body fat is associated with insulin resistance and
dysglycemia and may predict the development of
type 2 diabetes and/or metabolic syndrome in
children.31–33 Metformin activates adenosine mono-
phosphate-activated protein kinase to reduce he-
patic glucose production, decrease intestinal glucose
absorption, and increase insulin sensitivity by way
of improved peripheral glucose uptake and utiliza-
tion.30 Additionally, metformin inhibits fat cell
lipogenesis and may reduce food intake by increas-
ing a glucogen-like peptide.34 Although metformin
is not FDA-approved for treating pediatric obesity,
it has been evaluated in several small clinical trials
for weight reduction in children and adolescents
who are obese, obese with hyperinsulinemia, or who
have gained excessive weight secondary to treat-
ment with an atypical antipsychotic agent. Table 2
summarizes the use of metformin for the treatment
of obesity in children and adolescents.35–48

In 2006, a crossover trial was conducted to
evaluate the effect on body composition and insulin
sensitivity in 28 children and adolescents (mean age,
12.5 6 2.2 years) who were referred to an endocrine
clinic for obesity (baseline BMI, 35.2 6 5.1 kg/m2)
and clinical suspicion of insulin resistance.35 Of the
patients included in the trial, 89% had a family
history of metabolic syndrome as well as acanthosis
nigricans. Patients received metformin or placebo
for 6 months, each with a 2-week washout period
between medications. No diet or lifestyle modifica-
tions were implemented. Metformin had a greater

effect than placebo on weight (�4.35 kg, p¼0.02),
BMI (�1.3 kg/m2, p¼0.002), waist circumference
(�2.8 cm, p¼0.003), and subcutaneous abdominal
adipose tissue (�52.5 cm2, p¼0.002). However, no
significant benefits for insulin sensitivity were
noted, although a beneficial treatment effect was
observed for fasting insulin (�2.2 mU/L, p¼0.011)
and fasting glucose (�0.2mmol/L, p¼0.048).

Another trial included 43 obese children and
adolescents (mean age, 12.5 6 3.6 years) who
continued to have increasing BMI despite at least 3
months of outpatient exercise and nutritional
counseling.36 Patients who received metformin plus
a multivitamin for up to 16 months were studied.
Efficacy was assessed based on changes in BMI.
Patients were stratified based on race and their
pretreatment insulin sensitivity, which was deter-
mined by the use of oral glucose tolerance testing.
The study concluded that metformin was effective
in promoting a decrease in BMI and BMI z-scores,
provided the patient was insulin resistant and
Caucasian (�2.7 kg/m2 at 4-months, p,0.001, and
�1.6 kg/m2 at 12-months, p¼0.32). African-Amer-
ican patients did not respond to metformin and had
increases in BMI at both 4-month and 12-month
follow-up visits (þ0.5 kg/m2, p¼0.57; and þ4.6 kg/
m2, p¼0.53, respectively). This trial had a higher
percentage of African-American patients (i.e., 38%)
than similar studies,37 which may have affected the
outcome of BMI z-scores. Thus, the study chose to
report results by ethnicity and not for the entire
study population.

Table 1. Clinical Trials of Orlistat

Study Design Participants

McDuffie et al21;
McDuffie et al22

Open-label, pilot 20 adolescents, age 12-17 yr, 50% female,
BMI .95th percentile for age, sex, and race
plus presence of .1 obesity-related
comorbid condition

Norgren et al23 Open-label, pilot 11 children and adolescents, age 8-12 yr,
64% female, BMI .4 SD from normal

Ozkan et al24 Randomized, open-label, controlled 42 adolescents, age 10-16 yr, 67% female,
weight-for-height index .140%

Chanoine et al25 Randomized, single! double-blind,
multicenter, placebo-controlled

539 adolescents, age 12-16 yr, 66% female,
BMI �2 units than US weighted mean 95th
percentile for age and sex

Maahs et al26 Randomized, double-blind, placebo-
controlled

40 adolescents, age 14-18 yr, 67% female,
BMI .85th percentile for age and sex

BMI, body mass index; MVI, multivitamin; NS, nonsignificant; QID, four times daily; SD, standard deviation; TID, three times daily

* All study participants
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A long-term trial evaluated the effects on BMI in
39 obese, euglycemic adolescents with a mean age of
14.8 6 1.3 years).37 Patients were randomized 1:1 to
48 weeks of treatment with metformin extended-
release (XR) (Glucophage XR; Bristol-Myers
Squibb Company, Princeton, NJ) or placebo,
followed by an additional 48 weeks of monitoring.
At the end of treatment, the metformin XR group
had significantly decreased BMI compared to
increased BMI in the placebo group (p ¼ 0.03).
This difference in BMI persisted for 12 to 24 weeks
after the treatment period ended. Secondary out-
comes included body composition, abdominal fat,
and insulin resistance index; all were found to be
not statistically significant.

Additional trials have investigated the effects of
metformin with daily dosages of 1 to 1.7 g per day
for obese children and adolescents with hyperinsu-
linemia who may be at increased risk for obesity-
related comorbidities.1 Morbidly obese, hyperinsu-
linemic adolescents (mean weight 116 6 5.1 kg)
were evaluated for the weight, lipid and insulin
sensitivity effects of metformin.38 Twenty-four
patients were placed on a low-calorie diet in
addition to metformin or placebo for 8 weeks.
Compared to the placebo group, the metformin
group had greater weight loss (p ,0.01), greater
decrease in body fat (p,0.001), and greater
attenuation of area under the curve insulin response
to an oral glucose tolerance test (p,0.001). In the
metformin-treated subjects, this was associated with
enhanced insulin sensitivity determined by fasting
plasma glucose and insulin ratios and correspond-

ing reductions in cholesterol, triglycerides, and free
fatty acid levels (p,0.01, p,0.05, respectively).

Another study assessed the effect of metformin
on BMI, glucose tolerance, and serum lipids in 29
obese adolescents (mean age, 14.4 6 0.6 years).39

Inclusion criteria included fasting hyperinsulinemia
and a family history of type 2 diabetes. However,
patients were determined to be nondiabetic based
on fasting serum glucose and hemoglobin A1c
concentrations. Patients were randomized to receive
either metformin or placebo for 6 months with no
calorie restrictions. Metformin caused a decline in
BMI (�1.3% from baseline; SD, 0.12) and fasting
glucose levels (84.9 6 2.2 mg% vs. 75.1 6 1.6 mg%;
both, p,0.02). Fasting insulin concentrations also
declined in the metformin-treated group from
baseline (p,0.01). In contrast, BMI and fasting
glucose levels rose in the placebo group, while
fasting insulin levels did not change from baseline.
Additionally, serum lipids declined in both placebo
and metformin-treated groups, although neither
was statistically significant.

The largest metformin trial to date included 120
obese Turkish children and adolescents (mean age
11.8 6 2.8 years) and sought to determine the
effectiveness of low doses of metformin combined
with individually tailored diet, exercise and behav-
ioral therapy for 6 months compared to placebo for
weight gain and hyperinsulinemia.40 In the metfor-
min group, there was a significant decline in BMI
(28.5 6 3.4 to 26.7 6 4 kg/m2, p,0.001), fasting,
and postprandial insulin and insulin sensitivity
indices (p,0.001). However, no significant changes
were noted between the groups in secondary

Table 1. Clinical Trials of Orlistat (ext.)

Intervention(s) Outcome(s)

120 mg orlistat TID plus MVI daily 3 3-6
mo; diet and lifestyle modifications*

DBMI from baseline to 3 mo: �1.9 6 2.5
kg/m2, p¼0.001

120 mg of orlistat TID-QID 3 3 mo D BMI from baseline to 3 mo: �1.9 6 2.5
kg/m2, p¼0.008

120 mg of orlistat TID plus MVI daily 3 5-
15 mo; diet and lifestyle modifications*

D BMI from baseline until last visit; orlistat
�4.09 kg/m2 vs. control 0.11 kg/m2, p
,0.001

After a 2-week lead-in, 120 mg of orlistat
TID plus MVI daily 3 12 mo; diet and
lifestyle modifications*

D BMI from baseline to 12 mo; orlistat
�0.55 kg/m2 vs. placebo þ 0.31 kg/m2, p
¼0.001

120 mg of orlistat TID plus MVI daily 3 6
mo; diet and lifestyle modifications*

D BMI from baseline to 6 mo; orlistat �1.3
kg/m2 6 1.6 vs. �0.8 kg/m2 6 3, NS
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Table 2. Clinical Trials of Metformin

Study Design Participants

Srinivasan et al35 Randomized, double-blind
crossover

28 adolescents, age 9-18 yr, 53% female,
clinical suspicion of insulin resistance

Lustig et al36 Observational 43 white and black adolescents, age 2-18
yr, 75% female, BMI .95th percentile for
age and sex

Wilson et al37 Multicenter, randomized, double-
blind, placebo-controlled

39 obese adolescents, age 13-18 yr, 67%
female, BMI .95th percentile for age and
sex but weight ,136 kg

Kay et al38 Randomized, single double-blind
placebo-controlled

24 hyperinsulinemic adolescents, age 15.6
6 0.4 yr, 62% female, BMI .30 kg/m2

Freemark et al39 Randomized, double-blind,
placebo-controlled

29 hyperinsulinemic adolescents, age 12-19
yr, 62% female, BMI .30 kg/m2

Atabek et al40 Randomized, double-blind,
placebo-controlled, parallel group

120 hyperinsulinemic adolescents, age 9-17
yr, 50% female, BMI .95th percentile for
age and sex

Wiegand et al41 Randomized, double-blind,
placebo-controlled

70 hyperinsulinemic adolescents, age 10-17
yr, 65% female, without improvement in
BMI and HOMA-IR after 6-mo lifestyle
modification; BMI .95th percentile

Fu et al42 Observational 30 adolescents with metabolic syndrome,
10-16 yr, BMI.97th percentile for age and
sex

Burgert et al43 Randomized, double-blind,
placebo-controlled

28 obese adolescents, 13-18 yr, 68%
female, fasting insulin level .30 mU/L and
FPG ,100 mg/dL

Clarson et al44 Randomized, placebo-controlled,
parallel group

25 hyperinsulinemic adolescents, 10-16 yr,
BMI .95th percentile

Love-Osborne et al45 Randomized, double-blind,
placebo-controlled

85 hyperinsulinemic adolescents with 2 of 3
risk factors (BMI .95th percentile for age,
acanthosis nigricans, or family history of
T2DM), age 12-19 yr, 72% female

Yanovski et al46 Randomized, double-blind,
placebo-controlled

100 hyperinsulinemic children, age 6-12 yr,
57% female, BMI .95th percentile for age
and sex

Klein et al48 Randomized, double-blind,
placebo-controlled

38 children and adolescents, age 10-17 yr,
50% female, with .10% weight gain
during ,1 yr of atypical antipsychotic
treatment

BID, two times daily; BMI, body mass index; FPG, fasting plasma glucose; HOMA-IR, homeostatic model assessment for insulin resistance

index; MVI, multivitamin; NS, nonsignificant; T2DM, type 2 diabetes mellitus; TX, treatment; QID, four times daily; XR, extended release

* All study participants

† BMI z-score: BMI compared with reference data set (0¼50th, 1¼84th, 2¼98th, 2.85 �99th percentile)49
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outcomes of systolic and diastolic blood pressure or
serum lipids.

In a smaller Swiss trial, 70 obese, insulin-
resistant children and adolescents (mean age, 13.7

6 2.1 years) received low doses of metformin versus
placebo.41 All patients presented with obesity-
related comorbidities, including features of meta-
bolic syndrome. Outcomes for metabolic parame-

Table 2. Clinical Trials of Metformin (ext.)

Intervention(s) Outcome(s)

1000 mg of metformin BID 3 6 mo each with 2-
wk washout period

D BMI placebo vs. treatment at 6 mo; metformin �1.26
kg/m2, p¼0.002

500-1000 mg of metformin BID plus MVI daily 3

6-16 mo; diet and lifestyle modifications . 3 mo
to start of trial*

D BMI baseline vs. 4 mo and 12 mo, respectively, for
white children; metformin �2.7 kg/m2, p,0.001;
metformin � 1.6 kg/m2, NSF; D BMI baseline vs. 4 mo
and 12 mo, respectively, for black children; metformin
þ0.5 kg/m2, NS; metformin þ4.6 kg/m2, NS

1000 mg metformin extended release daily plus
MVI and calcium 3 12 mo; 12 mo follow-up; diet
and lifestyle modifications*

D BMI baseline vs. 52 wk; metformin XR �0.9 kg/m2 vs
placebo þ0.2 kg/m2, p¼0.03; D BMI 52 vs. 100 wk;
metformin XR þ0.5 kg/m2 vs. placebo �0.8 kg/m2, p
¼0.02

850 mg metformin BID 3 2 mo; Diet
modifications*

D weight placebo vs. treatment at 2 mo; metformin
�6.1 6 0.8 kg vs. placebo �3.2 6 2 kg, p,0.01

500 mg metformin BID 3 6 mo D BMI baseline vs. 6 mo; metformin �0.5 kg/m2 vs
placebo þ0.9 kg/m2, p,0.02

500 mg metformin BID 3 6 mo; diet and lifestyle
modifications*

D BMI baseline vs. 6 mo; metformin �1.8 kg/m2,
p,0.001

500 mg metformin BID 3 6 mo; diet and lifestyle
modifications*

D BMI baseline vs. 6 mo; metformin þ0.07 kg/m2 vs.
placebo �0.31 kg/m2, NS

500 mg metformin BID 3 3 mo; diet and lifestyle
modifications*

D BMI baseline vs. 3 mo; metformin �3.17 kg/m2,
p,0.001

1500 mg metformin daily plus MVI and B12
vitamin 3 4 mo; diet and lifestyle modifications*

D BMI placebo vs. treatment at 4 mo; metformin �0.9
kg/m2 vs. placebo þ1 kg/m2, p¼0.02

1500 mg metformin daily 3 6 mo; diet and
lifestyle modifications*

D BMI placebo vs. treatment at 6 mo; metformin �1.8
kg/m2 vs. placebo þ0.5 kg/m2, p,0.05

500 mg metformin QID – 850 mg metformin BID
3 6 mo; diet and lifestyle modifications*

D BMI baseline vs. 6 mo; metformin �0.16 kg/m2 vs.
placebo þ 0.63 kg/m2, NS

1000 mg metformin BID 3 6 mo plus MVI,
followed by open-label metformin plus MVI 3 6
mo; diet and lifestyle modifications*

D BMI baseline at 6 mo; metformin �0.78 kg/m2 vs.
placebo þ0.32 kg/m2, p¼0.006; D BMI z-score† at 6
mo metformin �0.11 kg/m2 vs. placebo �0.04 kg/m2, p
¼0.02

850 mg metformin BID 3 4 mo; diet and lifestyle
modifications*

D BMI z-score at 4 mo; metformin minus placebo �1.12
kg/m2, p,0.0001*†
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ters, including homeostasis model assessment for
insulin resistance index (HOMA-IR) and insulin
sensitivity index, both are biomarkers for insulin
resistance, improved in 73% of the metformin-
treated patients compared to 54% of the placebo
group (p¼0.048); BMI remained unchanged.

A separate trial evaluated metformin combined
with lifestyle modification in 30 obese Chinese
adolescents (mean age, 12 6 1.7 years) with
metabolic syndrome defined as insulin resistance,
hypertension, and dyslipidemia. Twenty of the 30
participants who finished a 3-month follow-up visit
experienced reduction in BMI, blood pressure,
triglyceride and cholesterol serum levels, and
HOMA-IR (all p,0.001).42

Further studies have examined metformin at
higher daily doses (i.e., 1.5-2 g daily) in older
children and adolescents with insulin resistance.
Twenty-eight adolescents (mean age, 15 6 2 years)
were recruited from an obesity clinic to received
metformin or placebo for 4 months.43 Patients had
hyperlipidemia, cardiovascular risk factors, and
increased insulin sensitivity indices. Results found
significant change in BMI (p¼0.02) and fasting
insulin levels (p¼0.05); however, a decrease in
insulin sensitivity was not significant (p¼ 0.1) when
adjusted for baseline differences. Additionally,
heart rate recovery after step exercise improved
significantly after metformin compared with place-
bo (p¼ 0.03). Because heart rate recovery has been
shown to be a powerful predictor of overall
mortality and the development of type 2 diabetes
a decrease suggests a possible reduction in cardio-
vascular risk factors.49,50

Two other trials have been conducted with large
metformin daily doses in insulin-resistant adoles-
cents. Twenty-five patients (mean age 13.1 6 3
years) with significant family histories of type 2
diabetes were randomized to receive structured
lifestyle intervention in addition to metformin or
placebo.44 Outcomes were significant for decreased
BMI and serum lipids (p, 0.05) including triglyc-
erides, HDL, and LDL levels in the pharmacologic
treatment group. Fasting insulin levels and HOMA-
IR both decreased in the lifestyle intervention group
from baseline, but levels did not significantly
change with lifestyle and metformin compared to
control. Similarly, 85 adolescents (mean age, 15.5 6

1.7 years) with significant family history of type 2
diabetes received metformin or placebo along with
monthly goal setting for diet and exercise modifi-
cation. 45 There were no differences observed
between groups in weight loss or measures of
glucose metabolism. However, there was a noted
difference between the sexes, as females receiving
metformin had a significant decrease in BMI (p
¼0.02). Furthermore, when patients were found to

adhere to metformin and decrease meal portion
size, BMI reduction was �5%.

The most recent metformin trial is noteworthy as
it is the first trial to assess the effects on body weight
and composition in obese, insulin-resistant children
(mean age 10.1 6 1.6 years).46 Patients included had
significant family history of type 2 diabetes,
hyperlipidemia, and 26.4% in the metformin group
and 31.9% in the placebo group had a diagnosis of
pediatric metabolic syndrome. Results were similar
to adolescent studies as the metformin group had
significantly greater decreases in BMI, BMI z-score,
and body weight (difference �3.38 kg, p,0.001).47

Fasting plasma glucose (p¼0.007) and HOMA-IR-
IR (p¼0.006) also improved more in the metformin
groups than in the placebo group.

Last, metformin has also been evaluated for its
weight management effects for adolescents (mean
age, 13.3 6 2.4 years) receiving atypical antipsy-
chotics (i.e., olanzapine, risperidone, or quetia-
pine).48 Over the 16-week treatment period there
was little change in the weight of adolescents treated
with metformin (mean ¼ �0.03 kg/week), while
those receiving placebo continued to gain weight
(mean ¼þ0.31kg/week).

In summary, Obese children and adolescents
given metformin 1-2 g /day for up to 48 weeks had a
reduction in BMI compared to placebo or the
baseline group by�0.16 to 3.2 kg/m2.35–40,42,43–46,48

However, one trial did observe a slight increase in
BMI (þ0.07 kg/m2) over a 6-month treatment
period, although the result was found to be
nonsignificant.41 Length of treatment seems to have
contributed to increased effectiveness, while the size
of the metformin dose was not influential. Greater
changes in BMI were seen over 3- to 4-month
treatment periods with lesser effect noted at 6 to 12
months after metformin initiation.35–46,48 Addition-
ally, one trial observed a significant difference in
BMI in the metformin-treatment group (þ0.5 kg/
m2) compared to the placebo group (�0.8 kg/m2) at
the 1-year follow-up giving consideration to lifestyle
modification having a larger impact on long-term
goals.37

There are several limitations of the studies. The
collectively small numbers of participants may have
obscured possible differences between the two
groups. The trials also enrolled severely obese
patients, most of whom continued to gain weight
with lifestyle modification prior to initiating treat-
ment. One would expect to see greater change in
BMI given the excessive weight of the patients.
However, self-motivation and understanding of
lifestyle modification counseling were not ad-
dressed, giving thought that patients enrolled may
be more difficult to treat both, with or without
medication.
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Although mild gastrointestinal effects including
nausea, loose stools, and abdominal discomfort were
reported, metformin was well tolerated in most
patients.35,37–43,45 Additionally, no serious adverse
effects were observed, and medication adherence
rates were similar to those of placebo (78%-
94%).35,39–41,43,45,46,48 Higher rates of gastrointesti-
nal effects were observed with metformin in the
pediatric trial (children ages 6-12 years); however, by
one month of treatment, gastrointestinal side effects
were no different than placebo, and only 1 child
dropped out due to medication intolerance.46 Two
additional trials noted only 3 other patients who
dropped out due gastrointestinal side effects.41,45

Most participants who dropped out of studies did so
due to continued weight gain, noncompliance, or
other non-study-related factors.37,44,45,48

Differences in ethnicity and race may also play a
role in metformin treatment. In two US trials,
metformin was shown to be more effective in
Caucasians than African-Americans and/or His-
panics.36,45 Beyond BMI differences, serum lipids,
insulin sensitivity, insulin resistance index, fasting
insulin, and glucose were measured in the above-
described trials, yielding results that varied. With
wide variations in outcomes and small sample sizes,
there may be differences in specific race or ethnic
groups that the current trials have not detected.
Therefore, the effects of metformin efficacy should
be studied in larger groups of ethnically diverse
children and adolescents.

Long-term treatment and follow-up were also not
studied as the longest treatment periodwas 48weeks,
followed by an additional 48 weeks of monitoring.
Although metformin produces modest weight loss
during short-term treatment, it is not known if it has
promise for sustaining weight loss after years of use
in children and adolescents. Adverse effects, such as
elevated lactate or liver enzymes, or side effects,
especially gastrointestinal, are necessary to evaluat-
ed during and after long-term use. Additionally,
metformin may benefit impaired glucose homeosta-
sis or elevation of serum lipids in children and
adolescents at high risk for the development of type 2
diabetes or cardiovascular disease, although again
long-term studies are needed.

Additional Pharmacological Treatments
As the incidence of pediatric obesity continues to

rise in United States, there is growing interest in
expanding the pharmacotherapeutic options avail-
able for treatment. Formerly, sibutramine was
considered a potential treatment in children via its
ability to promote the enhancement of early satiety
and/or stimulate energy expenditure through ther-
mogenic effects.51,52 Adolescent data suggested a 1

to 4 kg/m2 reduction in BMI from placebo or
baseline with daily doses of 5 to 15 mg.53–58

However, on October 8, 2010, the FDA recom-
mended that Abbott Laboratories voluntary with-
draw sibutramine from the market, due to concerns
of increased cardiovascular events from the Sibutra-
mine Cardiovascular Outcomes (SCOUT) trial.59,60

Despite a small improvement in mean body weight
at 60 months compared to placebo, the use of
sibutramine in 9804 overweight or obese patients
.55 years with preexisting cardiovascular disease
or type 2 diabetes or both was associated with a
16% increase in risk of major adverse cardiovascu-
lar events (hazard ratio 1.16; 95% confidence
interval 1.03 to 1.31; p¼0.02). Therefore, the FDA
has concluded that the risk for an adverse
cardiovascular event from sibutramine outweighed
potential weight-loss benefits and thus, it no longer
has a role in treatment of pediatric obesity and will
not be reviewed in depth.60

Although not FDA-approved, there are limited
data for the use of agents such as growth hormone,
octreotide, and topiramate in obese children.
Growth hormone (Genotropin, Pharmacia and
Upjohn Co., New York, NY; Omnitrope, Sandoz,
Inc., Princeton, NJ) administration in children with
Prader-Willi syndrome has been associated with
decreases body fat percentage and weight loss.61,62

However, adult studies have yet to demonstrate
results.63 Beneficial effects of octreotide (Sandosta-
tin; Novartis Pharmaceuticals Corp., East Hanover,
NJ) on weight, BMI, and insulin suppression in
pediatric patients with hypothalamic obesity have
been published.64 Although the anticonvulsant
topiramate (Topamax; Janssen Pharmaceuticals
Inc., Titusville, NJ) has been proposed to induce
insulin sensitivity in adipocytes, use is limited by its
high incidence of adverse effects and lacking
pediatric data.65,66 Until further large scale trials
in children are conducted, these agents should be
considered experimental.

CONCLUSIONS

Numerous factors contribute to pediatric obesity
causing difficulty for the success of prevention and
treatment of the disorder. Lifestyle intervention can
reduce rates of weight gain and fat deposition in
children and may delay or prevent some long-term
risks such as type 2 diabetes.67 However, lifestyle
modification needs to be intensive (i.e., calorie
restriction, individual and family counseling, and
daily exercise) and continued to be effective which is
challenging to maintain in children and adoles-
cents.4 Pharmacotherapy may be considered as an
adjunct if children or adolescents are not reaching
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weight loss goals with lifestyle modification or have
significant comorbidities. Both orlistat and metfor-
min have demonstrated modest to moderate reduc-
tion in BMI (�0.55 to �4.09 kg/m2 and �0.16 to
�3.2 kg/m2, respectively) in several, short-term
obesity studies supporting their use in conjunction
with lifestyle modification. Though adult literature
has noted reduced lipid profiles and glucose levels
with orlistat, the reviewed pediatric studies did not
prove beneficial.68 Results with on lipids and insulin
sensitivity in pediatric patients given metformin
have been variable.35–43,46–48,50 However, it may be
a beneficial treatment option for obese pediatric
patients with severe insulin resistance or impaired
glucose tolerance although larger trials are need-
ed.35,38–41,43,48 Adverse effects of orlistat and
metformin are commonly gastrointestinal related,
although for both medications symptoms usually
resolve completely within a month following
treatment initiation.16,21–23,25,26,35,37–43,47,48 Multivi-
tamin supplementation is recommended when
either orlistat or metformin are used due to possible
vitamin malaborption.4 When orlistat is used the
patients 25OHD3 level should be monitored.

In the future, long-term use of pharmacological
agents may be needed to insure lasting benefit of
weight loss since discontinuation of medications
after short-term use has been associated with weight
gain.37 Long-term assessment of health (i.e., inci-
dence of type 2 diabetes and cardiovascular disease)
as well as weight outcomes and adverse effects are
needed in children and adolescents. Additionally,
direct comparison studies of orlistat, metformin
and other novel pharmacological agents, including
growth hormone, octreotide, and topiramate are
needed to fully evaluate treatment options in this
population.
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