
 
current as of November 26, 2009. 
Online article and related content
 

 
 http://jama.ama-assn.org/cgi/content/full/289/14/1805

 
. 2003;289(14):1805-1812 (doi:10.1001/jama.289.14.1805) JAMA

 
Robert I. Berkowitz; Thomas A. Wadden; Andrew M. Tershakovec; et al. 
 

 Adolescent Obesity: A Randomized Controlled Trial
Behavior Therapy and Sibutramine for the Treatment of

 Correction  Contact me if this article is corrected.

 Citations
 Contact me when this article is cited.
 This article has been cited 130 times.

 Topic collections

 Contact me when new articles are published in these topic areas.
Trial 
Pediatrics; Adolescent Medicine; Public Health; Obesity; Randomized Controlled

 the same issue
Related Articles published in

 . 2003;289(14):1851.JAMAJack A. Yanovski et al. 
Treatment of Pediatric and Adolescent Obesity
 

 . 2003;289(14):1813.JAMAJeffrey B. Schwimmer et al. 
Health-Related Quality of Life of Severely Obese Children and Adolescents

 http://pubs.ama-assn.org/misc/permissions.dtl
permissions@ama-assn.org
Permissions
 

 http://jama.com/subscribe
Subscribe

 reprints@ama-assn.org
Reprints/E-prints
 

 http://jamaarchives.com/alerts
Email Alerts

 by guest on November 26, 2009 www.jama.comDownloaded from 

http://jama.ama-assn.org/cgi/content/full/289/14/1805
http://jama.ama-assn.org/cgi/alerts/ctalert?alertType=correction&addAlert=correction&saveAlert=no&correction_criteria_value=289/14/1805
http://jama.ama-assn.org/cgi/external_ref?access_num=jama%3B289%2F14%2F1805&link_type=ISI_Citing
http://jama.ama-assn.org/cgi/alerts/ctalert?alertType=citedby&addAlert=cited_by&saveAlert=no&cited_by_criteria_resid=jama;289/14/1805
http://jama.ama-assn.org/cgi/alerts/collalert
http://jama.ama-assn.org/cgi/content/short/289/14/1813
http://jama.ama-assn.org/cgi/content/short/289/14/1851
http://jama.com/subscribe
http://pubs.ama-assn.org/misc/permissions.dtl
http://jamaarchives.com/alerts
mailto:reprints@ama-assn.org
http://jama.ama-assn.org


ORIGINAL CONTRIBUTION

Behavior Therapy and Sibutramine
for the Treatment of Adolescent Obesity
A Randomized Controlled Trial
Robert I. Berkowitz, MD
Thomas A. Wadden, PhD
Andrew M. Tershakovec, MD
Joanna L. Cronquist, BA

ADOLESCENT OBESITY IS RAP-
idly becoming a national pub-
lic health problem. The
prevalence of this disorder in-

creased from 5% to 11% from the 1980s
to 1994 and to 15.5% by 2000.1-3 This
increase has been accompanied by a
dramatic increase in type 2 diabetes
mellitus and related health complica-
tions.4-11 There has been relatively little
controlled research on the treatment of
adolescent obesity. A comprehensive
behavioral approach appears to be the
most effective treatment,12-14 but most
studies have reported mean weight
losses of only 1 to 4 kg. Participants
typically remained obese at the end of
therapy.

Weight-loss medications, including
sibutramine and orlistat, facilitate
weight control in adults15-22 and poten-
tially could be used with obese adoles-
cents. No weight-loss agents are cur-
rently Food and Drug Administration
approved for children younger than 16
years. We agree with Dietz8 that weight-
loss medications should be used only
on an experimental basis with adoles-
cents and solely “as an adjunct to be-
havior modification, family therapy, in-
creased activity . . .” and that “. . . the
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Context Adolescent obesity is becoming a national public health problem. Weight-
loss medications including sibutramine facilitate weight control in adults and could be
used with obese adolescents in combination with behavior therapy (BT).

Objective To examine whether increased weight loss in obese adolescents is in-
duced when sibutramine is added to a family-based, behavioral weight control pro-
gram.

Design, Setting, and Participants Randomized, double-blind, placebo-
controlled trial consisting of 82 adolescents aged 13 to 17 years with a body mass
index (BMI) of 32 to 44 conducted from March 1999 to August 2002 at a university-
based clinic for 6 months, followed by open-label treatment during months 7 to 12.

Interventions For the first 6 months, participants received either BT and sibutra-
mine or BT and placebo. From months 7 to 12, all participants received sibutramine in
open-label treatment.

Main Outcome Measures Percentage change in BMI; systolic and diastolic blood
pressure and pulse; and hunger.

Results In intention-to-treat analysis at month 6, participants in the BT and sibutra-
mine group lost a mean (SD) of 7.8 kg (6.3 kg) and had an 8.5% (6.8%) reduction in
BMI, which was significantly more than weight loss of 3.2 kg (6.1 kg) and reduction
in BMI of 4.0% (5.4%) in the BT and placebo group. Significantly greater reductions
in hunger (P=.002) also were reported by participants who received BT and sibutra-
mine. From months 7 to 12, adolescents initially treated with sibutramine gained 0.8
kg (10.5 kg) with continued use of the medication, whereas those who switched from
placebo to sibutramine lost an additional 1.3 kg (5.4 kg). Medication dose was re-
duced (n=23) or discontinued (n=10) to manage increases in blood pressure, pulse
rate, or other symptoms.

Conclusions The addition of sibutramine to a comprehensive behavioral program
induced significantly more weight loss than did BT and placebo. Until more extensive
safety and efficacy data are available, medications for weight loss should be used only
on an experimental basis in adolescents and children.
JAMA. 2003;289:1805-1812 www.jama.com
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initial studies of these agents should be
blinded and placebo controlled.” The
aim of the present study was to in-
crease weight loss in obese adoles-
cents by combining a comprehensive
behavioral program with pharmaco-
therapy. This study is to our knowl-
edge the first randomized, placebo-
controlled trial of sibutramine in the
treatment of obese youth.

METHODS
Study Design

A randomized, double-blind, placebo-
controlled trial was conducted for 6
months (phase 1), after which all par-
ticipants received sibutramine in an
open-label extension for an additional
6 months (phase 2) (FIGURE 1). We hy-
pothesized that participants who re-
ceived behavior therapy (BT) and
sibutramine would lose significantly

more weight during phase 1 than those
who received BT and placebo. Partici-
pants, parents, and all study person-
nel were blinded to treatment condi-
tion during phase 1. Only the research
pharmacist was aware of treatment sta-
tus. This study was approved by the in-
stitutional review boards of the Uni-
versity of Pennsylvania and The
Children’s Hospital of Philadelphia and
was conducted from March 1999 to Au-
gust 2002 at the Weight and Eating Dis-
orders Program at the University of
Pennsylvania School of Medicine, Phila-
delphia.

Participants
Candidates were boys and postmenar-
cheal girls aged 13 to 17 years who had
a body mass index (BMI, calculated as
weight in kilograms divided by the
square of height in meters) of 32 to 44.

Contraindications to participation in-
cluded cardiovascular disease (includ-
ing arrhythmias); type 1 or 2 diabetes
mellitus; major psychiatric disorders;
pregnancy; use of a weight-loss medi-
cation or a weight loss of 5 kg or more
in the prior 6 months; use of medica-
tions promoting weight gain (eg, oral
steroids); use of medications contrain-
dicated with use of sibutramine23; or
cigarette smoking. Adolescents, accom-
panied by a parent or guardian, com-
pleted a behavioral assessment, con-
ducted by a staff psychologist or
psychiatrist. Written informed con-
sent was obtained from the parent and
assent from the adolescent. The
adolescent’s primary care physician per-
formed a history and physical exami-
nation to exclude the noted contrain-
dications.

Interventions
Behavioral Protocol. Adolescents in both
treatment conditions received the same
comprehensive family-based behav-
ioral weight-loss program delivered fol-
lowing detailed treatment manuals.24-26

In phase 1, participants attended 13
weekly group sessions followed up by
6 biweekly group sessions. In phase 2,
group sessions were held biweekly from
months 7 to 9 and monthly from months
10 to 12. Parents met separately in group
sessions held on the same schedule as
the adolescents’ meetings. Groups were
led by dietitians, psychologists, or psy-
chiatrists.

Adolescents in both treatment groups
were instructed to consume a 1200 to
1500 kcal/d diet of conventional foods,
with approximately 30% from fat, 15%
from protein, and the remainder from
carbohydrate. They were prescribed an
eventual goal of walking or engaging in
similar aerobic activity for 120 min-
utes per week or more. Participants kept
daily eating and activity logs that they
submitted at each session. The content
of the parents’ sessions paralleled that
of their children’s sessions. Parents
praised their adolescents for adhering to
the diet and activity program.

Medication Protocol. During phase
1, all participants received placebo

Figure 1. Flow of Participants Throughout the Trial

5 Withdrew
1 Lost to Follow-up
2 Lack of Interest and Time
1 Lack of Parental Participation
1 Adverse Effects (Medication Stopped)

7 Withdrew
2 Lack of Interest and Time
2 Disappointed With Weight Loss
2 Lack of Parental Participation
1 Unrelated Illness

5 Withdrew
3 Lack of Interest and Time
1 Lack of Parental Participation
1 Adverse Effects (Medication Stopped)

3 Withdrew (Lack of Interest and Time)

39 Assigned to Receive Behavior
Therapy and Placebo

43 Assigned to Receive Behavior
Therapy and Sibutramine

PHASE 2 ALL PARTICIPANTS RECEIVED
SIBUTRAMINE (MONTHS 7-12)

PHASE 1 PLACEBO CONTROLLED (MONTHS 1-6)

34 Completed 6 mo Assessment 40 Completed 6 mo Assessment

39 Included in 6 mo Primary Intention-to-Treat Analysis
34 Included in 6 mo Completers Analysis

43 Included in 6 mo Primary Intention-to-Treat Analysis
40 Included in 6 mo Completers Analysis

39 Included in Primary Intention-to-Treat Analysis
29 Included in 12 mo Completers Analysis

43 Included in Primary Intention-to-Treat Analysis
33 Included in 12 mo Completers Analysis

29 Completed 12 mo Assessment 33 Completed 12 mo Assessment

146 Adolescents Evaluated in Clinic

82 Randomized

64 Excluded
24 Psychiatric Conditions
21 Not Interested
12 Unable to Attend

Group Meetings
2 Medical Conditions
7 Other
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(single blind) the first week. At week
2, they received either placebo or 5
mg/d of sibutramine. In medication-
treated participants, sibutramine was in-
creased to 10 mg/d at week 3 and to 15
mg/d at week 7. Knoll Pharmaceutical
Co and Abbott Laboratories manufac-
tured and provided both the placebo
and sibutramine for the study. Pla-
cebo capsules looked exactly like
sibutramine capsules and were dis-
persed in the same way.

Increases in blood pressure (BP) and
pulse have been reported previously in
adults who received sibutramine.15,23

Thus, in the present study, partici-
pants whose systolic or diastolic BP in-
creased from baseline by 10 mm Hg or
more (or who had increases in pulse
rate of �15%) for 2 or more consecu-
tive visits had their medication dose re-
duced in 5-mg decrements until ac-
ceptable BP and pulse rate values were
obtained. Sibutramine was discontin-
ued in participants in whom dose re-
ductions did not reverse the 10-mm Hg
or more increase or in whom systolic
or diastolic BP increased 20 mm Hg or
more at any single visit. During phase
2, all participants were treated with
sibutramine following the same dose ti-
tration schedule used in phase 1.

Dependent Measures
Weight was measured at each treat-
ment visit and at the major assess-
ments (ie, baseline and months 3, 6, 9,
and 12). Height and waist circumfer-
ence were measured at the major as-
sessments following standard tech-
niques.27

Adherence to the lifestyle program
was assessed by the number of days of
food records completed during phase
1. Medication adherence during this
same period was evaluated by pill
counts. Hunger was evaluated at the
major assessments by the Eating In-
ventory (range, 0-14).28 Maternal level
of eduction was assessed on a 6-point
scale ranging from some high school to
doctoral degree (some high school = 1,
high school graduate = 2, some col-
lege = 3, college graduate = 4, master’s
degree = 5, and doctoral degree = 6).

Lipids, lipoproteins, serum glucose,
and insulin levels were measured at the
major assessments following an over-
night fast (Quest Diagnosis Incorpo-
rated, Horsham, Pa). An electrocardio-
gram was also obtained at these times.
Systolic and diastolic BP, as well as pulse
rate, were measured at the major assess-
ments (and biweekly for the first 8
months and then monthly) with a Dina-
map monitor (XL Model 9300, Johnson
& Johnson, New Brunswick, NJ). As-
sessments were obtained after the ado-
lescent stayed still for at least 5 min-
utes. Three readings were taken at
1-minute intervals; the second and third
measures were averaged. Adverse events
were assessed and recorded at each medi-
cal visit.

Data Analysis
The present study was powered to de-
tect a 4.0% difference in baseline BMI
between the 2 treatment groups. The
study was powered using the effect size
statistic d by Cohen,29 defined as the dif-
ference between the 2 treatment groups
divided by the pooled SD. The pooled
SD was estimated to be 5%. Given a
4.0% difference in percentage change
in BMI and an SD of 5%, this corre-
sponds to a large effect size (Cohen
d=.80).29 Assuming a 2-tail analysis,
�=.05 and an SD of 5%, 93% power was
obtained to detect a percentage BMI re-
duction as small as 4% between the 2
treatment groups.29

Changes in degree of obesity were
evaluated by changes in weight, BMI,
and BMI z scores,30 as well as by per-
centage change in initial BMI. This lat-
ter measure controls for changes in
height over time, as well as for differ-
ences among participants in baseline
BMI. Differences between treatment con-
ditions in changes on these measures
from baseline to month 6 (phase 1) and
from months 7 to 12 (phase 2) were ex-
amined using a 2�3 (condition � time)
repeated measures analysis of variance.
An intention-to-treat analysis was used
in which missing data were replaced by
the participant’s baseline body weight
(ie, a baseline-carried-forward analysis).
A completers analysis (with weight data

for completers at 6 and 12 months) and
a mixed-model analysis also were per-
formed. The family-wise error term for
each analysis was set at .05, and all data
were analyzed using SAS version 8.0
(SAS Institute, Cary, NC). P�.05 was
considered statistically significant. Re-
sults of all analyses yielded the same sta-
tistical conclusions. Only the results of
the intention-to-treat analysis for per-
centage change in BMI are presented.

Secondary outcome measures, includ-
ing BP, pulse, and hunger, also were ana-
lyzed using repeated measures analysis
of variance. For each variable, the family-
wise error term was set at .05. All sec-
ondary analyses were conducted using
treatment completers. This was done, in
part, to minimize potential masking of
changes in BP or pulse that might oc-
cur with an intention-to-treat analysis,
which would replace missing BP or pulse
values with baseline values; vital signs
have been shown to increase while tak-
ing sibutramine.

RESULTS
Participants

Characteristics of the 82 patients who
were randomized to treatment are
shown in TABLE 1 and Figure 1. There
were no significant differences be-
tween treatment groups on any of the
baseline measures or in attrition from
therapy.

Weight Change and Percentage
Reduction in BMI
At month 6 during phase 1 (placebo
controlled), participants in the BT and
sibutramine group lost a mean (SD) of
7.8 kg (6.3 kg) equal to an 8.5% (6.8%)
reduction in initial BMI (FIGURE 2 and
TABLE 2). In contrast, adolescents
treated with BT and placebo lost 3.2 kg
(6.1 kg) equal to a significantly smaller
4.0% (5.4%) reduction in BMI (effect
size, 0.73; 95% confidence interval [CI],
0.28-1.18; P=.001). More than twice as
many adolescents in the BT and sibutra-
mine group reduced their initial BMI
by 10% (P=.02) and 15% (P=.02) com-
pared with those treated by BT and pla-
cebo (TABLE 3). In Table 2, statisti-
cally significant differences between

BEHAVIOR THERAPY AND SIBUTRAMINE FOR ADOLESCENT OBESITY
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groups also were observed in changes
in waist circumference and BMI z score.

In phase 2 (open-label sibutramine
treatment), participants who were origi-
nally treated with placebo and were
switched to sibutramine from months
7 to 12 lost an additional 1.3 kg (5.4
kg) during this period, reducing their

baseline BMI by an additional 2.4%
(5.0%). In contrast, participants origi-
nally treated with sibutramine who con-
tinued medication gained 0.8 kg (10.5
kg) during months 7 to 12 equal to a
0.2% (5.4%) reduction in initial BMI
(BMI decreased even with weight gain
because of increases in height). The dif-
ference in percentage reduction in BMI
between groups (months 7-12) ap-
proached significance (effect size, –0.22;
95% CI, –0.66 to 0.21; P=.057).

From baseline to month 12, partici-
pants treated throughout the study with
BT and sibutramine lost a total of 7.0 kg
(9.3 kg) equal to an 8.6% (9.9%) reduc-
tion in initial BMI. Those participants in
the BT and placebo group who were
switched at month 7 to sibutramine lost
a total of 4.5 kg (8.8 kg) equal to a 6.4%
(8.3%) reduction in initial BMI. The dif-
ference between groups at month 12 was
not significant (Figure 2). Weight loss
was not related at any time to partici-
pants’ baseline characteristics, includ-
ing maternal BMI or education.

Adherence, Hunger,
and Weight Loss
During the first 6 months, partici-
pants in the BT and sibutramine group
monitored their food intake for a mean
(SD) of 58.9 days (44.9 days) com-
pared with 61.3 days (38.2 days) for

those in the BT and placebo group. The
effects of treatment condition (pla-
cebo vs sibutramine) and sel f -
monitoring on percentage reduction in
BMI at month 6 were examined using
stepwise linear regression. Number of
food records completed during this pe-
riod accounted for 17.7% of the vari-
ance (R2= 0.177) in the percentage
change in BMI. Treatment group ac-
counted for an additional 12.9%
(R2=0.129), bringing the total vari-
ance explained to 30.6% (R2=0.306,
P�.001). FIGURE 3 presents weight
change data according to treatment con-
dition and the frequency of partici-
pants’ self-monitoring.

Participants treated with BT and
sibutramine used (determined by pill
count) 79.1% (21.7%) of the total num-
ber of pills they were prescribed during
the first 6 months compared with 78.3%
(15.9%) for adolescents in the BT and
placebo group. In the BT and sibutra-
mine group, the total dose of medica-
tion taken correlated significantly with
percentage reduction in initial BMI at
month 6 (r=0.44, P= .003). Partici-
pants in this group compared with those
treated with placebo reported signifi-
cantly greater reductions in hunger at
month 3 (effect size, 0.39; 95% CI, –0.07
to 0.86; P�.001) and month 6 (effect
size, 0.43; 95% CI, –0.06 to 0.86;
P=.002). Mean (SD) changes were –2.1
(3.3) vs –0.3 (3.2) and –2.1 (3.3) vs
–0.71 (3.7) at the 2 periods, respec-
tively. No significant differences in hun-
ger were observed at month 12.

Serum Chemistries
There were no differences between
groups during phases 1 or 2 in changes
in lipids, triglycerides, serum insulin, se-
rum glucose, or homeostasis model of
insulin sensitivity (HOMA).31 Collaps-
ing across conditions, however, at month
12 there was a significant increase in
high-density lipoprotein cholesterol
(P=.001) and significant reductions in
serum insulin (P�.001) and HOMA
(P�.001) (TABLE 4). At this time, there
were significant correlations between
percentage change in BMI and percent-
age reduction in total cholesterol

Figure 2. Mean Percentage Change in Initial
Body Mass Index (BMI) by Month of
Treatment for Adolescents Treated With
Behavior Therapy Combined With
Sibutramine or Placebo (Intention-to-Treat
Analysis)
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BT and Placebo

(n = 39)

BT and
Sibutramine

(n = 43)

–6

–8

–12

–10

0 3 6 9 12

Month of Treatment

Placebo
Controlled

All Participants
Received Sibutramine

BT indicates behavior therapy; BMI, body mass index
calculated as weight in kilograms divided by the square
of height in meters. Error bars indicate SEM. Dotted
line indicates that BT and placebo group received
sibutramine during months 7 to 12. At month 3 and
6, the BT and sibutramine group difference was sig-
nificant (P=.001 for both).

Table 1. Baseline Characteristics for Participants Assigned to Behavior Therapy (BT) and
Placebo or Sibutramine*

Characteristic
Total Sample

(N = 82)
BT and Placebo

(n = 39)
BT and Sibutramine

(n = 43)

Age, mean (SD), y 14.1 (1.2) 14.1 (1.2) 14.1 (1.3)

Weight, mean (SD), kg 103.6 (15.4) 105.3 (16.2) 102.0 (14.7)

Height, mean (SD), cm 165.4 (8.0) 166.2 (8.4) 164.6 (7.7)

BMI, mean (SD) 37.8 (3.8) 38.0 (3.6) 37.5 (4.0)

BMI z score, mean (SD) 2.4 (0.2) 2.5 (0.2) 2.4 (0.2)

Waist circumference, mean (SD), cm 110.8 (10.0) 111.5 (10.2) 110.3 (9.9)

Sex, female, No. (%) 55 (67.1) 24 (61.5) 31 (72.1)

Race, No. (%)
White 45 (54.9) 24 (61.5) 21 (48.8)

Black 34 (41.5) 13 (33.3) 21 (48.8)

Other 3 (3.6) 2 (5.2) 1 (2.3)

Hunger score, mean (SD) 4.9 (3.3) 5.5 (3.4) 4.5 (3.1)

Maternal BMI, mean (SD) 32.7 (9.6) 34.4 (11.3) 31.2 (7.4)

Maternal level of education, mean (SD) 3.1 (1.1) 3.3 (1.2) 2.9 (1.0)
Abbreviations: BMI, body mass index calculated as weight in kilograms divided by the square of height in meters.
*Other race included 1 Hispanic and 2 were more than 1 race. Hunger scores ranged from 0 to 14. Maternal level of

education is defined in “Methods.”
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(r=0.30, P=.02), low-density lipopro-
tein cholesterol (r=0.33, P=.01), insu-
lin (r=0.30, P=.02), glucose (r=0.30,
P=.02), triglycerides (r=0.36, P=.005),
and HOMA (r=0.34, P=.01). Percent-
age reduction in BMI also correlated with
percentage increase in high-density li-
poprotein cholesterol (r=–0.32, P=.01).

BP and Pulse Rate
In TABLE 5, mean (SD) systolic BP de-
creased 3.6 mm Hg (8.6 mm Hg) at
month 3 in the BT and placebo partici-
pants compared with a significant in-
crease of 1.8 mm Hg (10.7 mm Hg) in
adolescents treated with sibutramine
(effect size, 0.55; 95% CI, 0.10-1.00;
P=.02). Values for these 2 groups at
month 6 were –4.0 mm Hg (8.9 mm Hg)
and 0.4 mm Hg (9.0 mm Hg), respec-
tively. The difference between groups ap-
proached significance (effect size, 0.45;
95% CI, –0.02 to 0.92; P=.06). There
were no other significant differences be-
tween groups at any period in changes
in systolic or diastolic BP. Table 5 also
shows that pulse rate increased signifi-
cantly (5-6/min) at months 3 and 6 in
participants who received BT and
sibutramine compared with BT and pla-
cebo. Similarly, during months 7 to 12,
pulse rate increased by 7.6/min (12.7/
min) in participants who were switched
from placebo to sibutramine.

During phase 1, medication dose was
reduced or discontinued in 19 of 43 par-
ticipants in the BT and sibutramine con-
dition in response to elevations in BP,
pulse rate, or both. Thus, the values re-
ported in Table 5 reflect deliberate ef-
forts to minimize increases. To esti-
mate the effects of sibutramine with BP
and pulse, in the absence of such in-

tervention, baseline values for the sub-
set of 19 participants were compared
with their values at the time dose re-
duction was triggered. In these 19 ado-
lescents, systolic BP increased from a
baseline of 112.3 mm Hg (13.8 mm Hg)
to 122.3 mm Hg (14.4 mm Hg) and di-
astolic BP rose from 55.6 mm Hg (5.1
mm Hg) to 64.2 mm Hg (8.3 mm Hg)
(P�.001 for both). Pulse rate in-
creased from 77.5/min (11.5/min) to
91.8/min (12.7/min) (P�.001).

Adverse Events
When adverse events (TABLE 6) char-
acterized as elevations in BP and pulse
rate, BP alone, or pulse rate alone are
combined, differences approach signifi-
cance (P=.06). One participant had ven-
tricular premature complexes (VPCs) af-
ter 6 months of treatment with
sibutramine. The participant was asymp-
tomatic and had no other significant
changes on electrocardiographic exami-
nation. The participant continued to
have VPCs in the 6 months following
discontinuation of sibutramine, follow-
ing a course similar to that of benign
VPCs that may be observed during ado-
lescence. A second adolescent was ob-
served to have VPCs at month 9, 3 weeks

Figure 3. Self-monitoring and Percentage
Change in Initial Body Mass Index at Month
6 for Participants Treated With Behavior
Therapy Combined With Sibutramine or
Placebo
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BT indicates behavior therapy. Error bars indicate SE.
Mean percentage change in initial body mass index
(BMI, calculated as weight in kilograms divided by the
square of height in meters) is presented according to
treatment condition and a median split analysis of par-
ticipants’ monitoring of food intake (ie, high [�48 days
of completed food records at 6 months] vs low [�48
days of completed food records at 6 months]). Par-
ticipants achieving the best results (11.5% decrease)
received sibutramine and were classified as high self-
monitors. Those participants receiving sibutramine who
were low self-monitors decreased BMI by 6.3% com-
parable with high self-monitors receiving placebo
(5.9%). A decrease of only 1.2% was observed for
low self-monitors receiving placebo. These findings sug-
gest that sibutramine and regular self-monitoring of
food intake had separate and additive effects.

Table 2. Changes in Degree of Obesity at Month 6 for Adolescents Treated With Behavior Therapy and Placebo or Sibutramine
(Intention-to-Treat Analysis)

Variable

Median (Range) Change Mean (SD) Change

BT and Placebo
(n = 39)

BT and Sibutramine
(n = 43)

BT and Placebo
(n = 39)

BT and Sibutramine
(n = 43)

P
Value*

Mean Difference
(95% CI)

Weight, kg −1.2 (−19.2 to 5.5) −6.9 (−23.8 to 1.2) −3.2 (6.1) −7.8 (6.3) .001 4.6 (2.0-7.4)
Change in initial BMI, % −2.8 (−18.7 to 4.7) −8.0 (−24.4 to 1.1) −4.0 (5.4) −8.5 (6.8) .001 4.5 (1.8-7.2)
Change in BMI z score −0.1 (−0.6 to 0.1) −0.2 (−0.9 to 0.0) −0.1 (0.1) −0.2 (0.2) .003 0.1 (0.04-0.2)
Waist circumference, cm† −2.0 (−19.6 to 8.0) −6.7 (−25.2 to 1.8) −2.8 (5.6) −8.2 (6.9) �.001 5.4 (2.5-8.2)
Abbreviations: BMI, body mass index calculated as weight in kilograms divided by the square of height in meters; BT, behavior therapy; CI, confidence interval.
*Between-group comparisons.
†BT and placebo, n = 37; BT and sibutramine, n = 41.

Table 3. Number of Adolescents Achieving at Least 5%, 10%, and 15% Reductions in Initial
Body Mass Index at Month 6 (Intention-to-Treat Analysis)*

Reduction in
Initial BMI, %

No. (%)

�2
P

Value
Odds Ratio

(95% CI)
BT and Placebo

(n = 39)
BT and Sibutramine

(n = 43)

�5 14 (36) 27 (63) 5.92 .02 3.0 (1.2-7.4)
�10 6 (15) 17 (40) 5.91 .02 3.6 (1.2-10.4)
�15 1 (3) 8 (19) 5.39 .02 8.7 (1.0-73.0)

Abbreviations: BMI, body mass index calculated as weight in kilograms divided by the square of height in meters;
BT, behavior therapy; CI, confidence interval.

*Data are cumulative, such that the percentage of participants who lost 5% or more includes those who lost 10% or
more and 15% or more.
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following discontinuation of medica-
tion because of elevations of BP and
pulse rate; by month 12, there was no
evidence of VPCs.

Ventricular premature complexes and
extrasystoles have been reported in
sibutramine postmarketing surveil-
lance.23 During the full 12-month study,
sibutramine was reduced to 10 mg in
16 participants, to 5 mg in 7 addi-
tional adolescents, and discontinued in
10 participants (6 because of in-
creased BP and/or pulse rate, 2 for ec-
chymoses, 1 for VPCs, and 1 because
of rash of unclear etiology). Reduc-
tions were made primarily to manage
elevations in BP and pulse rate.

COMMENT
The addition of sibutramine with a
comprehensive behavioral program in-
duced significantly more weight loss in

obese adolescents than traditional be-
havioral treatment (with placebo). Par-
ticipants who received both BT and
pharmacotherapy during the first 6
months decreased their initial BMI more
than those who received BT and pla-
cebo, and reported significantly greater
reductions in hunger. Results of this
controlled trial of sibutramine in ado-
lescents suggest there may be benefits
of combining behavioral and pharma-
cological therapies.32,33

The potential benefits of weight-
loss medication were further sug-
gested in the open-label phase. The BMI
decreased an additional 2.4% (during
months 7-12) in participants who were
switched from placebo to sibutra-
mine, and adolescents originally treated
with medication maintained their
weight loss at month 12 with contin-
ued use of sibutramine. Additional pla-

cebo-controlled trials are needed to de-
termine if sibutramine and orlistat
facilitate the maintenance of weight loss
in obese adolescents, as has been shown
in adults.20,34 Because data are not avail-
able beyond month 12 in the present
study, changes in weight (eg, weight re-
gain) following discontinuation of
medication are unknown.

Weight loss continued through
month 6 in the BT and sibutramine
group and then plateaued. Weight loss
tends to plateau in obese adults after 6
months of treatment with BT or phar-
macotherapy.35 We can only speculate
that counterregulatory biological
mechanisms, reduced total energy ex-
penditure, or behavioral fatigue may
limit weight reduction following about
a 10% weight loss.36,37

There was a 6.4% decrease in initial
BMI at month 12 for participants who
started taking placebo and then
switched to sibutramine at month 6.
This compares with an 8.5% reduc-
tion for those participants who started
taking sibutramine at month 6. The
smaller weight loss in the former group
when switched to sibutramine may have
been attributable to the reduced num-
ber of behavior modification sessions
provided during the second 6 months.
Further research is needed to evaluate
the optimal timing and duration of
pharmacological treatment when com-
bined with BT.

Similar to studies of adults,15,23 we ob-
served sibutramine-related increases in
pulse rate of 5 to 8/min. Moreover, dur-
ing the first 6 months of treatment, 19
of 43 adolescents experienced signifi-

Table 4. Changes in Serum Chemistries From Baseline Values for Participants Treated With
Behavior Therapy and Placebo or Sibutramine (Completers Analysis)*

Baseline
(n = 74)

Change From Baseline, % (SD)

Month 6
(n = 74)†

P
Value

Month 12
(n = 62)‡

P
Value

Lipid values, mg/dL
Triglycerides 101.7 (51.2) −9.3 (36.2) .03 −9.0 (36.0) .05

Total cholesterol 165.5 (30.0) −3.2 (9.8) .01 −2.3 (12.1) .14

HDL cholesterol 45.4 (8.9) 2.3 (13.8) .16 7.6 (17.7) .001

LDL cholesterol 99.8 (26.1) −2.5 (14.9) .16 −4.6 (18.3) .05

Insulin, µU/mL 27.0 (13.9) −12.8 (44.6) .02 −20.2 (42.7) �.001

Serum glucose, mg/dL 90.3 (8.8) −1.9 (10.8) .13 −2.6 (10.5) .06

HOMA 6.1 (3.3) −14.8 (47.4) .01 −22.8 (43.2) �.001
Abbreviations: HDL, high-density lipoprotein; HOMA, homeostasis model assessment of insulin sensitivity; LDL, low-

density lipoprotein.
SI conversion factors: To convert insulin to pmol/L, multiply by 6.945; serum glucose to mmol/L, multiply by 0.0555;

total, HDL, and LDL cholesterol to mmol/L, multiply by 0.0259; triglycerides to mmol/L, multiply by 0.0113.
*Results from the entire cohort are collapsed across conditions because no significant between-group differences were

found.
†At baseline and month 6, n = 74 except for LDL cholesterol and serum glucose (n = 73) and HOMA (n = 72).
‡At month 12, n = 62 except for LDL cholesterol (n = 61), serum glucose (n = 59), HOMA (n = 52), and insulin (n = 60).

Table 5. Systolic and Diastolic Blood Pressure and Pulse Rate at 3 Periods for Participants Treated With Behavior Therapy and Placebo or
Sibutramine (Completers Analysis)*

Systolic Blood Pressure,
Mean (SD), mm Hg

Diastolic Blood Pressure,
Mean (SD), mm Hg Pulse Rate, Mean (SD), Beats/min

BT and
Placebo

BT and
Sibutramine

P
Value†

BT and
Placebo

BT and
Sibutramine

P
Value†

BT and
Placebo

BT and
Sibutramine

P
Value†

Baseline 114.3 (11.3) 113.0 (11.0) 55.9 (5.8) 56.8 (5.4) 83.2 (10.1) 79.4 (10.5)

Month 3 110.7 (13.4) 114.8 (11.3) .02 55.7 (7.1) 58.4 (8.0) .23 81.6 (10.3) 85.6 (10.6) �.001

Month 6 110.3 (10.4) 112.9 (10.9) .06 55.3 (6.2) 58.6 (6.7) .11 81.2 (11.6) 84.8 (12.5) .007

Month 12 112.1 (13.8) 110.5 (10.9) .23 56.8 (6.2) 58.7 (6.0) .33 87.8 (11.3) 82.7 (11.4) �.001
Abbreviation: BT, behavior therapy.
*At baseline and month 3, n = 36 for BT and placebo and n = 42 for BT and sibutramine. At months 6 and 12, n = 33 and n = 27, respectively, for BT and placebo and n = 39 and

n = 34, respectively, for BT and sibutramine. During months 7 to 12, BT and placebo group received sibutramine.
†Represents the difference between treatment conditions between baseline and month 3, baseline and month 6, and months 6 to 12.
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cant elevations in BP and pulse rate that
required reductions in the dose of
sibutramine. During the entire study,
5 participants had marked and sus-
tained increases in BP (�10 mm Hg)
that required discontinuation of the
medication. These cases underscore the
need to closely monitor vital signs in
patients prescribed sibutramine. Our
dose-reduction strategy prevented mean
systolic and diastolic BP from rising sig-
nificantly during the year. However,
larger and longer studies are needed of
BP and pulse rate in adolescents treated
with sibutramine.

The Committee for Proprietary Me-
dicinal Products38 in Europe recently in-
vestigated concerns about the cardio-
vascular safety of sibutramine. The
committee noted increases in BP and
pulse rate in some patients and also con-
cluded that current recommendations
for identifying contraindications to
treatment and for close monitoring of
BP and pulse rate adequately ad-
dressed safety concerns. With these pre-
cautions, the committee determined
that the benefit/risk balance of sibutra-
mine was favorable for obese adults and
recommended reduction or discontinu-
ation of dose in response to signifi-
cant elevations in BP and pulse rate.

The rapid increase in the preva-
lence of type 2 diabetes mellitus in chil-
dren and adolescents is likely related
to the increase in the prevalence of obe-
sity.39 The high mean baseline insulin
and HOMA levels for the participants
in this study are consistent with sig-
nificant insulin resistance, suggesting
that the adolescents in our study are at
increased risk of developing type 2 dia-
betes mellitus. However, with mean de-
creases in BMI of less than 10%, par-
ticipants’ insulin and HOMA levels
decreased 20% and 23% at month 12,
respectively. Decreases in these values
suggest the positive effects of weight
loss in adolescents at risk for type 2 dia-
betes mellitus. Moreover, the 8% in-
crease in high-density lipoprotein cho-
lesterol suggests the benefits of weight
loss and increased physical activity in
decreasing the risk of cardiovascular
disease.40 Further investigations, how-

ever, are needed to confirm these find-
ings that were observed during the
open-label phase of our study.

This study revealed an apparent in-
terplay between medication and behav-
ior. The medication was associated with
significant reductions in hunger that
likely facilitated adherence to a low-
calorie diet (thus, producing more
weight loss).18 On the other hand, as re-
ported in adults,41 adherence to self-
monitoring optimized response to treat-
ment with medication. Adolescents who
adhered closely to the behavioral pro-
gram, measured by the number of days
they completed their food records, and
who were treated with sibutramine
achieved the greatest decrease in BMI
during the first 6 months. The behav-
ioral and pharmacological treatments
appeared to have additive effects that
maximized weight loss.32,33

Data were not collected concerning
whether participants could guess if they
were taking sibutramine or placebo. It
is possible that those who thought they
received the drug (ie, who experi-
enced adverse effects) worked harder
in the behavioral program to achieve
weight reduction. The adherence mea-

sure (ie, number of completed food
records), however, did not reveal dif-
ferences between participants who re-
ceived placebo or sibutramine.

Results of this placebo-controlled
trial showed that the addition of sibutra-
mine with BT significantly increased
weight loss in obese adolescents com-
pared with traditional BT alone (with
placebo). These findings suggest that
weight loss medication may be of ben-
efit to adolescents. Sibutramine, how-
ever, must be carefully monitored in
adolescents, as in adults, to control in-
creases in BP and pulse rate. More-
over, larger and longer studies are
needed to assess the benefits and costs
of pharmacological treatment in obese
adolescents. Until more extensive safety
and efficacy data are available, we agree
with Dietz8 that weight-loss medica-
tions should be used only on an ex-
perimental basis for adolescents.
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Table 6. Adverse Events in Participants Treated With Behavior Therapy and Placebo or
Sibutramine

No. (%)

BT and Placebo
(n = 39)

BT and Sibutramine
(n = 43)

Adverse Events During Phase 1 (Months 1-6)

Elevated blood pressure and pulse rate* 0 3 (7.0)

Elevated blood pressure only 0 1 (2.3)

Elevated pulse rate only 0 1 (2.3)

Atrial premature beats 1 (2.6) 0

Tonsillectomy 2 (5.1) 0

Knee surgery 0 1 (2.3)

Adverse Events During Phase 2 (Months 7-12)†

Elevated blood pressure and pulse rate 1 (2.6) 0

Elevated blood pressure only 0 0

Elevated pulse rate only 1 (2.6) 0

Ventricular premature beats 1 (2.6) 1 (2.3)

Cholelithiasis/cholecystectomy 0 1 (2.3)

Ecchymoses 2 (5.1) 0

Rash, viral 0 1 (2.3)
Abbreviation: BT, behavior therapy.
*Difference in rates approaches significance (P = .06) when adverse events regarding blood pressure and pulse rate,

blood pressure only, or pulse rate only are combined.
†BT and placebo group received sibutramine during months 7 to 12.
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