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Objective: To study the safety, tolerability, and potential
efficacy of orlistat in adolescents with obesity and its
comorbid conditions.
Research Methods and Procedures: We studied 20 adoles-
cents (age, 14.6 � 2.0 years; body mass index, 44.1 � 12.6
kg/m2). Subjects were evaluated before and after taking
orlistat (120 mg three times daily) and a multivitamin for 3
months. Subjects were simultaneously enrolled in a 12-
week program emphasizing diet, exercise, and strategies for
behavior change.
Results: Participants who completed treatment (85%) re-
ported taking 80% of prescribed medication. Adverse ef-
fects were generally mild, limited to gastrointestinal effects
observed in adults, and decreased with time. Three subjects
required additional vitamin D supplementation despite the
prescription of a daily multivitamin containing vitamin D.
Weight decreased significantly (�4.4 � 4.6 kg, p � 0.001;
�3.8 � 4.1% of initial weight), as did body mass index
(�1.9 � 2.5 kg/m2; p � 0.0002). Total cholesterol
(�21.3 � 24.7 mg/dL; p � 0.001), low-density lipoprotein-

cholesterol (�17.3 � 15.8 mg/dL; p � 0.0001), fasting
insulin (�13.7 � 19.0 �U/mL; p � 0.02), and fasting
glucose (�15.4 � 7.4 mg/dL; p � 0.003) were also signif-
icantly lower after orlistat. Insulin sensitivity, assessed by a
frequently sampled intravenous glucose-tolerance test, im-
proved significantly (p � 0.02).
Discussion: We conclude that, in adolescents, short-term
treatment with orlistat, in the context of a behavioral pro-
gram, is well-tolerated and has a side-effect profile similar
to that observed in adults, but its true benefit versus con-
ventional therapy remains to be determined in placebo-
controlled trials.
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Introduction
Obesity among adolescents in the United States is a

problem of increasing concern. The results of National
Health and Nutrition Examination Survey III suggest that
the prevalence of overweight, defined as the age- and sex-
specific 95th percentile for body mass index (BMI), has
risen from 6% to 14% in adolescents in the last quarter
century (1,2). With the increasing prevalence of overweight
and obesity, the comorbid conditions associated with excess
weight have also become more common among adolescents
(3). As with adults, conventional means of weight loss that
involve encouraging healthy diet and exercise, are not uni-
formly successful in adolescents (4,5). Even for comprehen-
sive programs emphasizing moderate calorie restriction,
exercise, and a specific behavioral component (6), weight
loss results are disappointing. A review of nine such pro-
grams for adolescents with an average BMI of �35 kg/m2

(7–14) found weight loss ranged from 2 to 11 kg (mean, 6.6
kg). Given that obesity is a chronic disease with serious
long-term health consequences, it is important to explore
the safety and efficacy of pharmacotherapy to ameliorate
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overweight and obesity in heavier adolescents who already
manifest the comorbid conditions associated with obesity.

Orlistat is a gastric and pancreatic lipase inhibitor that
alters energy balance by reducing the absorption of triglyc-
eride and cholesterol from the gastrointestinal tract (15). In
adults, orlistat, at the standard dose of 120 mg three times
daily (TID), inhibits �30% of triglyceride absorption (16).
In placebo-controlled studies, adults treated with orlistat for
periods as long as 2 years exhibited greater average weight
loss, better weight maintenance, lower total and low density
lipoprotein-cholesterol (LDL-cholesterol), and improved
glycemic control for patients with type 2 diabetes (17–28).
Orlistat is minimally absorbed (27) and has few known
adverse effects of consequence in adults (18); therefore, it
has the potential for a favorable risk-benefit ratio in children
and adolescents. Use of orlistat in overweight children �16
years of age has not been studied previously. We therefore
examined the effects of orlistat treatment in adolescents to
preliminarily estimate its safety, tolerability, and efficacy in
this population.

Research Methods and Procedures
Subjects

Twenty obese white and African-American adolescents
[age, 12 to 17 years; 10 boys and 10 girls; BMI (mean
� SD), 44.1 � 12.6 kg/m2] were recruited through news-
paper advertisements and letters to local physicians for
participation in a weight-loss study (Table 1). Inclusion
criteria were BMI greater than the National Health and
Nutrition Examination Survey I (1971 to 1974), 95th per-
centile for age, sex, and race (3), and the presence of one of
the following obesity-related comorbidities: hypertension,
type 2 diabetes or glucose intolerance, hyperinsulinemia
(insulin � 15 �U/L), hyperlipidemia (total triglyceride,
�200 mg/dL; total cholesterol, �200 mg/dL; or LDL-
cholesterol, �130 mg/dL), hepatic steatosis, or sleep apnea
documented by a formal sleep study. Individuals were ex-
cluded if they had a major pulmonary, hepatic, cardiac, or
musculoskeletal disorder, had a history of substance abuse
or other psychiatric disorder that would impair compliance
with the study protocol, had used an anorexiant in the past
6 months, or had lost weight in the past 2 months. Each
adolescent, along with a parent, gave written consent for
protocol participation. The protocol was approved by the
Institutional Review Board of the National Institute of Child
Health and Human Development.

Protocol
Subjects were enrolled in an open-label pilot trial of

orlistat as an adjuvant to a conventional behavioral weight-
loss management program for adolescents. After outpatient
screening for eligibility, subjects were admitted to the War-
ren Magnuson Clinical Center at the NIH twice: one time

for baseline evaluation before starting medication and the
other time after 3 months of orlistat treatment. The subjects,
and at least one parent or guardian, were instructed by a
registered dietitian regarding how to follow a 500-kcal-
deficit diet containing no more than 30% of calories from
fat. If enrolled, subjects were given orlistat (supplied by
Roche Pharmaceuticals under a materials-transfer agree-
ment), 120 mg, and instructed to take it three times a day
with meals. In addition, a multivitamin supplement was
supplied to be taken at night: 5000 IU of vitamin A (80% as
retinol acetate; 20% as �-carotene), 400 IU of vitamin D (as
ergocalciferol), 30 IU of vitamin E (as DL-�-tocopheryl
acetate), and 25 �g of vitamin K1 (as phytonadione). Sub-
jects returned medication at 4-week intervals so that regi-
men adherence could be estimated by pill count.

Concomitantly, subjects participated in a 12-week com-
prehensive behavioral program, team-taught by two regis-
tered dietitians, one of whom had additional graduate train-
ing in psychology and exercise physiology. The goals of the
program were to reinforce dietary principles, encourage
physical activity, discourage inactivity, and provide psycho-
social support. The program used three avenues to achieve
these goals: nutrition education, an exercise program, and
behavior modification skills training. Nutrition-education
review used a game format for 15 to 30 minutes during each
weekly meeting and homework assignments supplied in a

Table 1. Characteristics of subjects (n � 20; 10 girls
and 10 boys; 10 white and 10 African American)

Mean � SD Range

Age (years) 14.6 � 2.0 12.0 to 17.9
Weight (kg) 123.4 � 43.0 72.1 to 200.3
BMI (kg/m2) 44.1 � 12.6 28.6 to 69.6
Fat (%) by ADP 47.9 � 5.4 40.8 to 60.4
Pubic-hair development

(Tanner stage) 4* 1 to 5
Girls’ breast development

(Tanner stage) 5* 2 to 5
Boys’ testicular volume

(mL) 8.5 � 6.5 2 to 20

Comorbid conditions associated with obesity:
Hyperinsulinemia 100%
Hyperlipidemia 20%
Hypertension 10%
Type 2 diabetes 5%
Impaired glucose tolerance 5%

* Median and modal value.
BMI, body mass index; ADP, air displacement plethysmography.
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program manual provided to each subject. The exercise
program consisted of the following: encouraging 30 minutes
of daily aerobic exercise and inclusion of lifestyle exercise
whenever possible, monitored by pedometer readings; and
on-site physical activities and education led by a recreation
therapist for 15 to 30 minutes of each weekly meeting. The
behavior-modification program concentrated on stimulus-
control and eating-management skills. Compliance was
gauged through self-monitoring of medication taken, food
eaten, activity performed, amount of inactive time spent,
and pedometer readings recorded in a progress book re-
viewed by the group leaders each week. Points toward
winning prizes were awarded each week contingent on a
minimum 0.5-lb weight loss and a completed progress book.

Vital Signs and Anthropometric Measurements
Heart rate and blood pressure were recorded at the

screening visit, during the baseline and 3-month in-patient
evaluations, and at each weekly clinic visit. Heart rate and
blood pressure were obtained using a Dinamap-Plus Vital
Signs Monitor (Critikon, Tampa, FL) with the subject
seated and rested. Height was obtained at baseline and 3
months using a stadiometer (Holtain Ltd., Crymych, Wales,
United Kingdom) calibrated before each height to the
nearest 1 mm. Evening weight was obtained weekly for 12
weeks to the nearest 0.1 kg using a calibrated digital scale
(Scale-Tronix, Wheaton, IL). These measurements were
made with the subject in minimal clothing and without
shoes. Other anthropometric measurements were obtained
at baseline and 3 months: skinfold thickness (triceps, biceps,
subscapular, and suprailiac skinfolds) were measured by
experienced dietitians as recommended (29) using a Lange
caliper (Cambridge Science Industries, Inc, Cambridge,
MA). Circumferences (neck, waist, mid-axillary, abdomi-
nal, hip, chest, mid-arm, thigh, and calf) were obtained with
a flexible, nonstretching tape measure as recommended (29).

Air Displacement Plethysmography
Subjects underwent air displacement plethysmography

(ADP) at baseline and after 3 months. Subjects were studied
in the morning, after an overnight fast. Subjects were in-
structed to void before measurements were obtained. Body
density by ADP was assessed using the BOD POD air
displacement body composition system (Life Measurement
Instruments, Concord, CA), according to the manufacturer’s
directions and procedures described previously (30–34).
This method has been tested on adults and appears valid in
comparison to underwater weighing (31). Subjects were
assessed in minimal clothing (either in underwear or a
tight-fitting bathing suit) and wearing a swimming cap. The
equation of Siri (35) was used to estimate body fatness from
body density.

Laboratory Measurements
Blood specimens were collected for analysis of meta-

bolic, hepatic, renal, and hematologic function, glycohemo-
globin, total LDL- and high density lipoprotein-cholesterol
(HDL-cholesterol), triglycerides, apolipoproteins, glucose,
insulin, leptin, vitamins A, D, E, and K, osteocalcin, cal-
cium, phosphorus, magnesium, zinc, iron, and transferrin.
These were analyzed independently of the research study
team by the Clinical Pathology Department using standard
methodologies. Mineral levels (except zinc), cholesterol,
triglyceride, glucose, and transferrin were measured on a
Hitachi 917 analyzer using reagents from Roche Diag-
nostics (Indianapolis, IN). Zinc analysis was performed
at Mayo Medical Laboratories (Rochester, MN) by induc-
tively-coupled plasma emission spectroscopy (36). Direct
determinations of LDL- and HDL-cholesterol were per-
formed on a Cobas FARA analyzer (Roche Diagnostics)
using reagents from Sigma Chemical (St. Louis, MO). Apo-
lipoproteins A1 and B were measured on an Array nephe-
lometer (Beckman-Coulter, Brea, CA). Insulin levels were
determined using an Immulite2000 machine (Diagnostic
Product Corp., Los Angeles, CA). Vitamin A (retinol) was
determined using a liquid-chromatographic assay (37). Vi-
tamin D (cholecalciferol) was measured by radioimmuno-
assay with a 125I-labeled tracer (38). Vitamin E (tocopherol)
and vitamin K (phylloquinone) were determined by high-
performance liquid chromatography using postcolumn
chemical reduction and fluorometric detection (39,40). A
72-hour stool, the beginning and end of which were deter-
mined by having subjects ingest methylene blue dye (41),
was collected for measurement of fecal fat excretion.

Indices of Glycemic Control
At each inpatient evaluation, subjects underwent a fre-

quently sampled intravenous glucose tolerance test. Dex-
trose, 0.3 g/kg, was administered intravenously as a smooth
bolus over two minutes. Blood samples were collected
through a second intravenous line for glucose and insulin at
2, 3, 4, 5, 6, 8, 10, 14, 19, 22, 24, 27, 30, 35, 40, 45, 50 , 70,
90, 120, 150, 180, 210, 240, 270, and 300 minutes and for
c-peptide at 120-minute intervals. Insulin, 0.05 U/kg, was
given intravenously as a bolus at 20 minutes. Insulin sen-
sitivity and glucose effectiveness were assessed according
to Bergman’s minimal model (42) using the SAAM II
program (version 1.11; SAAM Institute, Inc., Seattle, WA).
On another day, subjects completed a 2-hour oral glucose
tolerance test, with samples obtained at 0 and 2 hours
for insulin and glucose. Fasting values of insulin and
glucose were analyzed by the homeostatic method of
analysis (43,44).

Monitoring of Adverse Events
Subjects were queried weekly about adverse events, with

particular attention directed toward the expected gastroin-
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testinal effects of orlistat. In addition, at 3-month intervals, a
clinical pharmacist interviewed subjects with a comprehensive
questionnaire employing a review-of-systems approach to
identify expected and unexpected adverse events (45).

Statistical Analysis
Parametric data were analyzed on a Macintosh G3 using

StatView 5.0.1 and SuperAnova 1.11 software (Abacus
Concepts, Inc., Berkeley, CA). Paired, two-tailed Student’s
t tests were used to determine the differences between
weights, cholesterol, triglycerides, apolipoproteins, and
other laboratory parameters before and after orlistat.
Posthoc tests were corrected for multiple comparisons using
the Bonferroni-Holm procedure. Because three subjects
(15%) withdrew from the study before completion of the
12-week treatment program, all comparisons were per-
formed as intention-to-treat analyses. Data from each vari-
able for which at least one follow-up measurement was
available were reported as last observation carried forward.
Variables measured at baseline and 3 months only were
reported as n � 17.

Results
Eighty-five percent of subjects completed 3 months of

treatment and reported taking 80% of prescribed medication
doses. Because some subjects did not attend every session,
weekly reports of the adverse effects experienced were
obtained for 79% of the 240 patient-weeks comprising the 3
months of the study period. Adverse effects related to in-
creased fat excretion were generally mild and transient,

resolving within the first 6 weeks of treatment (see Table 2).
All but one subject reported two adverse effects on at least
one occasion. Five of the twelve adverse effects queried,
increased defecation, soft stools, fatty or oily stools, oily
spotting on clothes, and increased flatus, were reported by
�50% of subjects. Only one subject (5%) cited intolerance of
adverse effects as the reason for withdrawing from the study.

There were no significant changes in the serum levels of
the fat-soluble vitamins A, E (after correcting tocopherol
levels for the change in lipid concentrations), or K. A small,
but significant, drop in 25-hydroxy vitamin D levels was
seen at 1 month (14.9 � 6.8 vs. 10.6 � 3.9 ng/mL; p �
0.02). This decrease was ameliorated after extra vitamin D
supplementation (50,000 U/d for 1 month) was given to
three subjects with vitamin D levels below the normal range
(�9 ng/mL). These three subjects had an average vitamin D
concentration of 7.5 � 1.6 ng/mL at baseline, at which time
they were placed on a multivitamin containing 400 IU of
vitamin D. Levels decreased further, to 6.5 � 1.3 ng/mL at
1 month, and rebounded to 10.1 � 1.7 ng/mL by 3 months.
Fecal-fat excretion increased 11.8 � 10.9 g/24 hours (p �
0.003) with orlistat treatment (Table 3). Thyroid-stimulating
hormone, free thyroxine, apolipoproteins A1 and B, glycosy-
lated hemoglobin, calcium, phosphorous, magnesium, zinc,
measures of iron stores, pulse, and blood pressure did not
change significantly during the study.

Table 2. Adverse effects

Effect

Subjects
reporting

one or more
episodes (%)

Weeks during
which an

episode was
reported (%)

Decreased defecation 10 0.5
Pellets in stool 10 1.1
Borborygmi/cramping 15 4.8
Fecal urgency 35 4.8
Fecal incontinence 40 3.7
Liquid stools 25 3.2
Oily evacuation 20 2.6
Increased defecation 65 11.0
Flatus with discharge 40 6.9
Oily spotting 60 10.0
Increased flatus 55 11.6
Soft stools 55 8.5
Fatty/oily stool 90 25.4

Table 3. Baseline and 3-month data

Variable Baseline 3 Months

Weight (kg) 123.4 � 43.0 119.0 � 43.1*
BMI (kg/m2) 44.1 � 12.4 42.2 � 13.0*
Body fat (%) 47.9 � 5.4 46.9 � 6.8
Lean body mass (kg) 62.4 � 19.8 61.6 � 16.4
Waist circumference (cm) 114.3 � 19.6 112.1 � 21.4†
Triceps skinfold (mm) 33.3 � 10.2 30.3 � 8.3
Cholesterol (mg/dL) 177.8 � 41.2 156.6 � 34.2*
LDL-cholesterol (mg/dL) 120.2 � 30.1 102.9 � 29.5‡
HDL-cholesterol (mg/dL) 46.5 � 10.9 43.0 � 8.3†
HDL/LDL ratio 0.42 � 0.21 0.45 � 0.18
Triglycerides (mg/dL) 110.2 � 55.0 113.8 � 51.8
Leptin (ng/mL) 35.6 � 16.2 26.4 � 18.0§
Fecal fat (g/24 hours) 4.9 � 1.5 16.7 � 11.0§

Percent body fat and lean body mass were measured by air dis-
placement plethysmography.
BMI, body mass index; LDL, low-density lipoprotein; HDL, high-
density lipoprotein.
* p � 0.001.
† p � 0.05.
‡ p � 0.0001.
§ p � 0.01.
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Subjects’ weight decreased on average by 4.4 � 4.6 kg
(range �4.0 kg to �17.7 kg, p � 0.001; 3.8 � 4.1% of
original body weight), waist circumference decreased 2.4 �
4.0 cm (p � 0.03) and mean BMI decreased 1.9 � 2.5
kg/m2 (p � 0.0002), although percentage of body fat and
lean body mass as determined by air displacement plethys-
mography remained unchanged (Table 3). Overall, the
weight loss among white subjects was greater than the
weight loss among African-American subjects. At the end
of 3 months, seven subjects (35% of total; 86% white; 57%
girls) lost �5% of initial body weight (Figure 1). Three of
these seven subjects (15% of total; 100% white; 67% fe-
male) lost �10% of initial body weight.

Lipid levels changed significantly during weight-reduc-
tion treatment using orlistat (Table 3). Total cholesterol

(�21.3 � 24.7 mg/dL; p � 0.001), LDL-cholesterol
(17.3 � 15.8 mg/dL; p � 0.0001), and HDL-cholesterol
(3.4 � 5.7 mg/dL; p � 0.05) decreased, whereas the HDL/
LDL ratio and serum triglycerides remained unchanged
during orlistat treatment. Changes in total- or LDL-choles-
terol measurements were not significantly correlated with
the amount of weight lost (r � 0.38, p � 0.13). Fasting
baseline levels were correlated with the decreases in total-
cholesterol (r � 0.54, p � 0.02), but not LDL-cholesterol
(r � 0.29, p � 0.26), obtained after three months of orlistat
treatment. Fasting serum leptin concentrations decreased by
9.2 � 10.6 ng/mL (p � 0.01).

Indicators of glycemic control also improved (Table 4).
Fasting glucose (�15.4 � 7.4 mg/dL; p � 0.003) and
insulin (�13.7 � 19.0 �U/mL; p � 0.02) decreased after 3
months of orlistat treatment. The decrease in fasting insulin
was significantly correlated with the degree of weight loss
(r � 0.68, p � 0.006; Figure 2), but the decrease in fasting
glucose was not (r � 0.34, p � 0.23). However, decreases
in both 0-hour oral glucose-tolerance test insulin (r � 0.84,
p � 0.001) and glucose (r � 0.61, p � 0.01) after 3 months
of orlistat treatment were correlated with baseline 0-hour
levels. At the 2-hour point of an oral glucose-tolerance test,
glucose and insulin values, although somewhat lower, were
not significantly different from baseline values. There was
no correlation between baseline values and decreases in the
2-hour values after 3 months of orlistat treatment. Insulin
sensitivity (SI), derived from the frequently sampled intra-
venous glucose tolerance test, increased an average of 28%
(p � 0.0003); whereas the acute insulin response to glucose
(AIRG) did not change significantly. Conversely, the de-

Figure 1: Individual weight change after three months of study.
Subjects who withdrew from the study are represented by E; those
remaining in treatment for the entire 3-month study interval are
represented by F.

Table 4. Glucose metabolism

Variable Baseline 3 Months

Glycohemoglobin (%) 5.9 � 0.9 6.0 � 1.1
SI (mU/min � 10�4) 0.91 � 0.67 1.17 � 0.77*
AIRG (pmol/L) 1545 � 693 1536 � 592
IRI 6.55 � 4.08 5.08 � 2.91†
�-cell function (%) 402 � 321 323 � 229

Oral glucose tolerance test Fasting 2 Hours Fasting 2 Hours

Glucose (mg/dL) 101.7 � 38.3 123.1 � 64.2 86.3 � 6.4‡ 106.4 � 21.5
Insulin (�U/mL) 34.0 � 16.3 117.0 � 71.7 20.3 � 10.6† 94.3 � 85.4

SI (insulin sensitivity) and AIRg (acute insulin response to glucose) were derived from frequently sampled intravenous glucose tolerance
tests. IRI (insulin resistance index) and percentage of �-cell function were derived from fasting glucose and insulin using the homeostatic
method of analysis (43,44).
* p � 0.001.
† p � 0.05.
‡ p � 0.01.
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crease in AIRG was correlated with baseline AIRG (r �
0.64, p � 0.02), whereas the increase in insulin sensitivity
was not correlated with the baseline level. Calculated indi-
cators of endocrine pancreatic function also improved. With
the homeostatic method of analysis, the insulin resistance
index fell significantly (Table 4, p � 0.04). The degree of
improvement in the insulin resistance index (r � 0.70, p �
0.002) was correlated with the baseline level as well. How-
ever, the change in percentage of �-cell function was not
significantly correlated with the baseline value or with
weight change.

Discussion
This open-label pilot trial of the gastrointestinal lipase

inhibitor, orlistat, is the first study to explore orlistat’s
safety, tolerability, and efficacy in an adolescent population.
In general, orlistat was well tolerated and no unanticipated
adverse events were observed. More adverse effects were
reported in this adolescent sample than have generally been
reported in the literature regarding studies in adults. This
might be attributable to adolescents’ higher sensitivity to the
effects of orlistat, the use of a questionnaire specifically
designed to probe for the occurrence of specific adverse
effects, or it may be related to adolescents’ greater difficul-
ties in adhering to the recommended moderate dietary-fat
intake. Anecdotally, it appears that some subjects may have
learned to skip their orlistat dose when they consumed a
high-fat meal to avoid adverse effects. However, adverse
effects did not limit participation or decrease adherence to
the medication regimen. Subject retention after 3 months was
85%, and only one subject withdrew from the study because of
adverse effects. In addition, pill-count data and self-reports
suggested a 75% to 80% medication compliance rate.

The vitamin D deficiency observed in three African
Americans was easily corrected through additional supple-

mentation. Because African Americans may be at risk for
low vitamin D even before administration of orlistat (46–
48), it is possible that it will be necessary to monitor for
hypovitaminosis D in African-American adolescents who
are taking orlistat. Randomized controlled studies in larger
numbers of African-American adolescents will be required
to determine definitively the need for such monitoring.
Although we did not find other fat-soluble vitamin deficien-
cies over the short-term, it remains unknown whether clin-
ically significant decreases in vitamins A, E, or K will be
observed with long-term use.

Because this is the first clinical trial of orlistat in an
adolescent population and because no subjects were en-
rolled in the behavioral weight-reduction program without
receiving orlistat, this study can provide no definitive evi-
dence for orlistat’s effects on body weight in adolescents;
however, some comparisons to previous studies in adults
can be made. Mean weight reduction over 12 weeks, 4.4 kg
(3.8%), was somewhat less than the amount generally re-
ported in adult studies (17,18,20–23,25,26). Adult clinical
trials typically report an average weight loss of 5.9 to 10.3
kg over 1 to 2 years, with an approximate 6- to 7-kg
reduction over the first 3 months. However, one study (49)
with the same duration as this study, 3 months, but did not
use a comprehensive behavioral weight-reduction program,
reported a similar weight loss of 4.7 kg. In addition, a
random survey of 1000 results from 20,000 orlistat prescrip-
tions found that 43% of patients had lost �5% of body
weight in the first 3 months of treatment (50).

Our results fall within the range of weight loss, 2 to 11
kg, achieved in other adolescent programs that did not use
a pharmaceutical agent, although our population is dissim-
ilar in that our subjects were much heavier, having a mean
BMI of 44 kg/m2 vs. 30 to 35 kg/m2 (7–9, 11–14, 51). In
addition, there are two reports in adolescents of the use of
metformin, a dimethylbiguanide, antihyperglycemic agent,
which has promoted weight loss in adults. In a randomized,
double-blind, placebo-controlled, 8-week trial of metformin
in 24 adolescents (age, 14 to 16 years; mean BMI, 41
kg/m2), Kay et al. (52) achieved a weight loss of 6.5 � 0.8%
in the treatment group who took 850 mg of metformin twice
a day in conjunction with a 1500 to 1800 kcal/d diet vs. a
loss of 3.8 � 0.4% in the placebo group with diet alone.
Conversely, Freemark, et al. (53) conducted a randomized,
double-blind, placebo-controlled, 6-month trial of 500 mg
metformin taken twice daily vs. placebo without any dietary
prescription in a group of 29 adolescents (age, 12 to 19
years; BMI, �30 kg/m2). In this study, the differences
between groups were very small. The treatment group lost
1.3% of body weight vs. a gain of 2.3% of body weight in
the control group. However, both studies obtained signifi-
cant decreases in fasting glucose and insulin (52,53). It
remains to be seen under which conditions, and at what

Figure 2: Individual weight loss (F) vs. individual decreases in
fasting insulin after 3 months of orlistat treatment were signifi-
cantly correlated (r � 0.647; p � 0.004).
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dosages, pharmaceutical agents will function best as adjunc-
tive weight-loss agents in severely obese adolescents.

There are several potential explanations why weight loss
in this study was somewhat lower than typically found in
adult studies. First, the average initial BMI in adult studies
was �36 kg/m2, whereas the average BMI in this adolescent
study was 44.1 kg/m2. Individuals with greater BMI may
have more difficulty making the dietary and activity
changes necessary to lose weight successfully. Second,
adult studies have generally been designed with a 4- to
6-week lead-in period before randomization when all of the
subjects were following the recommended diet and exercise
program while taking placebo. These lead-in periods al-
lowed a specific level of medication compliance to be an
inclusion criterion. Thus, adult studies may have eliminated
subjects anticipated not to have success with weight reduc-
tion and may have increased, to some extent, the magnitude
of weight loss observed in both placebo and orlistat study
arms. The present study did not exclude subjects for poor
study compliance because the purpose was to examine
orlistat use among adolescents with obesity-related comor-
bid conditions. Our results may, therefore, be more repre-
sentative of orlistat’s effectiveness among the overweight ad-
olescents for whom pharmacotherapy would be recommended
(i.e., those who are heavy enough to suffer from an obesity-
related comorbid condition and who have also previously
failed more conventional methods used alone).

The modest reductions in adolescents’ body weight ob-
served in the present study improved obesity-related comor-
bid conditions. As seen in adult studies (24,54,55), there
were improvements in several cardiovascular risk factors
including LDL- and total-cholesterol levels. The improve-
ments in fasting glucose and insulin we observed also agree
with those reported in the literature for adults (22,26).
Improvements in cholesterol were not significantly corre-
lated with the amount of weight loss, supporting the grow-
ing evidence that there are weight-independent, pharmaco-
logical, lipid-lowering effects of orlistat (55,56).

This study is limited by its open-label design, short du-
ration, and small sample size. We cannot separate the ef-
fects of the behavioral weight-loss program from the effects
of orlistat without a placebo-controlled trial. We also cannot
determine the significance of the difference in response
between whites and African Americans. Although these
limitations prevent delineation of the magnitude of orlistat’s
effects on obese adolescents’ body weight, they do not
affect the purposes of this study, which were to determine if
orlistat was well tolerated and safe to be taken by an
adolescent population still growing and advancing through
puberty. We believe the data of the present study support the
contention that orlistat has a safety and tolerability profile
for adolescents that is similar to its profile for adults.

In conclusion, orlistat appears to be a relatively safe and
well-tolerated adjuvant weight loss therapy for use in an

adolescent population. However, there may be a somewhat
greater incidence of initial gastrointestinal adverse effects in
adolescents, and hypovitaminosis D may be observed de-
spite vitamin supplementation in some Africa-American
adolescents taking orlistat. Our findings support the need for
further randomized, double-blind, placebo-controlled trials
of this drug in a large, multiracial adolescent population.
Therefore, the use of orlistat in individuals �16 years of age
continues to be experimental, and there is no FDA approval
of the drug for use in children and adolescents at this time.
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