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There is a dearth of research on the long-term efficacy and safety of treatments for adolescent obesity. This narrative review
examined several approaches to treatment, focusing on long-term effectiveness data in adolescents, as well as relevant findings
from studies of adults. The available research suggests that lifestyle modification has promise in obese adolescents, although it
is not clear that any particular dietary or physical activity approach is more effective than another. Meal replacements are quite
effective in adults and deserve further research in adolescents. Extending the length of treatment to teach weight loss maintenance
skills is likely to improve long-term outcomes in adolescents, and delivering treatment via the Internet or telephone is a novel
way of doing so. Treatment that combines lifestyle modification with the medication orlistat generally appears to be safe but only
marginally superior to lifestyle modification alone. More research is needed on the management of adolescent obesity, which has
been overlooked when compared with research on the treatment of obesity in children and adults.

1. Introduction

The rate of obesity has tripled in adolescents in the United
States over the last 20 years [1]. (Adolescents whose BMIs
for age and gender ≥85th percentile but <95th percentile
are categorized as “overweight,” and those who are ≥95th
percentile are considered “obese” [2–4].) Innovative preven-
tion programs, as well as changes in policies concerning food
and physical activity, are needed to reverse this alarming
increase in obesity [2, 5]. At the same time, effective
treatment options are needed for adolescents who are already
obese. Treatment programs should help obese adolescents
achieve and maintain clinically significant weight loss that
will reduce their risk for cardiovascular disease and type 2
diabetes mellitus and improve their quality of life.

Research on the treatment of adolescent obesity has
been largely overlooked, particularly compared with that
conducted on children and adults. Adolescence is a period
with special developmental considerations, and it is not
clear that programs developed for children or adults are
effective in adolescents. For example, parents typically have
less influence on an adolescent’s eating and physical activity
habits than on a child’s behavior. Motivation to seek treat-
ment may be different for adolescents than adults because
the health consequences of obesity are less salient to youth.
However, body dissatisfaction and the impact of weight on
self-esteem may be especially pronounced in adolescents.
Approximately two dozen randomized controlled trials of
weight loss interventions have been conducted in adolescents
since 1998, and about half of these studied medications
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(i.e., orlistat, sibutramine, metformin) [6]. According to a
recently updated Cochrane Review and several other sum-
maries and meta-analyses [6–10], most of these interventions
produced only modest reductions in BMI at 6 and 12
months, which yielded only small to moderate effect sizes (as
compared with control interventions).

There is a particular dearth of research on the long-
term efficacy and safety of treatments for adolescent obesity
[6, 9]. Reviews of the literature, as well as practice guidelines,
have concluded that more research is needed, with specific
attention to long-term outcomes [6, 7, 9, 11, 12]. Long-
term is defined here as at least 8 months of treatment and
followup, the latter which may include only assessment or
assessment plus continued weight loss maintenance therapy.
The 8-month period is shorter than the 1-year standard for
long-term treatment in adults, and reflects that adolescents
are typically treated for shorter periods than adults.

As with adults, the Achilles heel of weight management in
adolescents is likely to be weight loss maintenance, but very
few studies have tested the effectiveness of treatments that
are specifically aimed at addressing the challenge of weight
loss maintenance. On average, adolescents who present for
treatment have a weight of approximately 100 kg (and BMI of
35 to 40 kg/m2) [13]. Thus, it is appropriate for their weight
management goal to be achieving a significant weight loss
and avoiding weight regain, in contrast to young children,
whose baseline weights are lower and for whom a reasonable
long-term goal may be to avoid some or all of the weight gain
that would normally continue to occur as the child grows.

2. The Problem of Adolescent Obesity

Adolescent obesity is known to increase the rate of adverse
health events. Approximately 80% of obese adolescents will
become obese adults and, as a result, experience increased
risks of hyperlipidemia, hypertension, type 2 diabetes melli-
tus, gallbladder disease, sleep disorders, and some forms of
cancer (e.g., breast, uterine, prostate, and colon) [14–16].
Longitudinal studies have clearly demonstrated the adverse
health effects in adulthood of having been obese as an ado-
lescent [17, 18]. Recent investigations also have shown that
obese teens may not be spared from health complications
until they reach adulthood. At present, diabetes is the third
most prevalent severe chronic disease of childhood in the
U.S., with the highest incidence occurring in youth from
racial and ethnic minority backgrounds [19–21]. Nearly half
of newly diagnosed cases of diabetes are associated with
obesity [22]. Individuals in whom diabetes is diagnosed
before the age of 20 years have a life expectancy 15–27
years shorter than people without diabetes [21]. In addition,
metabolic syndrome is increasing rapidly in adolescents. In
some samples, as many as 18% of adolescents with obesity
met criteria for metabolic syndrome [23].

2.1. Quality of Life. The medical complications of adoles-
cent obesity are compounded by adverse psychosocial and
economic effects, which may be the most widespread con-
sequences of the disorder [24]. A telling study by Gortmaker

et al. [25] revealed that, by their early 20s, women who had
been obese in adolescence were poorer, less educated, and
less likely to be married than were women who had been
nonobese as adolescents. Findings from the Nurses’ Health
Study II [26] revealed that a BMI ≥ 25 kg/m2 at age 18
years was associated with a hazard ratio of 2.3 (CI, 1.20
to 4.42) for death due to suicide, compared with a BMI
of 18.5 to 21.9 kg/m2. Furthermore, health-related quality
of life—including physical health, emotional, social, and
school functioning—was reported to be significantly lower in
adolescents with obesity compared with average weight peers
and was similar to adolescents diagnosed with cancer [27].

2.2. Benefits of Weight Loss. Weight loss is associated with
reduction in risk for diabetes and cardiovascular disease,
as well as marked improvements in blood pressure, triglyc-
erides, and HDL cholesterol in overweight and obese adults
[28–32]. Weight loss similarly ameliorates CVD risk factors
in obese adolescents. Improvements are not as dramatic
as those observed in adults because obese youth typically
have not developed clinically significant disease. Berkowitz
et al. [13], for example, found that systolic blood pressure
fell from 114 to 110 mm Hg in adolescents who achieved a
4% reduction in BMI with a lifestyle modification program
[13]. Participants also experienced a 14.8% reduction in
insulin resistance and improvements in HDL cholesterol and
triglycerides. In extremely obese adolescents with type 2
diabetes, Roux-en-Y gastric bypass was associated with the
remission of this condition and with marked improvements
in quality of life [33]. In summary, sustained weight loss
likely confers important medical and psychosocial benefits
for obese adolescents.

3. Aims and Methods of Review

In this narrative review, we examine the long-term (i.e., >8
months) effectiveness of several approaches for the treat-
ment of adolescent obesity, including lifestyle modification,
dietary and physical activity interventions, use of Internet
and telephone, and medication. Studies were identified by
(1) examining the reference list of recent systematic reviews
of childhood or adolescent obesity treatment (none of which
focused specifically on long-term outcomes), (2) examining
the reference lists of the studies identified for inclusion, and
(3) completing the literature search for articles published
from January 2007 to May 2010 to ensure inclusion of
the most recent studies. (Searches were completed with
various combinations of the following terms: adolescent,
adolescence, teenage, obesity, obese, overweight, weight loss,
weight maintenance, intervention, treatment, program, and
clinical trial.) Studies were included only if they met all
of the following criteria: participants were overweight or
obese at the time of enrollment; participants were in the
adolescent age range; a no-treatment followup assessment
was included or, if only posttreatment data were collected,
treatment (including weight loss maintenance) was provided
for >8 months; change in weight or body fat was measured
as a primary outcome; participants were randomly assigned



Journal of Obesity 3

to treatment condition; and treatment provided lifestyle
modification, dietary or exercise counseling, or medication
for the purposes of weight control. When results from a
study were reported in more than one publication, only
the primary outcomes paper was included. Table 1 provides
information on the characteristics of included studies (i.e.,
sample size, method of data analysis, attrition, length of
treatment, and length of followup). After reviewing the
included studies, we also summarize findings from studies of
adults, evaluate the promise of each approach for adolescent
weight loss maintenance, and offer recommendations for
future research and practice.

4. Lifestyle Modification

4.1. Components of Lifestyle Modification. Lifestyle modifica-
tion for weight control is based on social cognitive theory
[49, 50]. It provides adolescents with a set of principles and
techniques to modify their food intake, physical activity, and
cognitions to induce the modest negative energy balance
(e.g., 500 kcal/d) required for weight loss. Adolescents are
instructed to keep daily records of their food intake, and
they typically are encouraged to consume a low-fat diet.
Activity interventions may include programmed exercise
(e.g., planned aerobic workouts), lifestyle activity (e.g.,
increasing steps with the use of a pedometer), and efforts
to decrease sedentary behaviors (e.g., reducing TV viewing)
[51–53]. Cognitive therapy teaches adolescents to identify
negative, self-defeating thoughts and to replace them with
more accurate, positive statements [49, 50]. Treatment also
relies heavily on stimulus control techniques, designed to
limit eating to specific times and places and to avoid other
activities while eating. An initial course of treatment typically
lasts 4 to 6 months and is delivered to groups of 8 to 15
adolescents by health professionals, including psychologists,
dietitians, exercise specialists, and nurses. Comprehensive
programs also typically instruct parents/caregivers in meth-
ods to support their adolescents’ weight loss efforts [49, 50].
A comprehensive lifestyle modification program typically
induces a loss of 2 to 4 kg in 6 months, equal to about a 2
to 4% reduction in initial BMI [6–10]. Differences between
intervention and control groups are typically due not only to
weight loss, but also to the prevention of weight gain that
would otherwise occur [10]. While these weight losses are
beneficial, most adolescents nevertheless remain very obese
following therapy, having begun treatment with an initial
weight of approximately 100 kg (and BMI of 35 to 40 kg/m2)
[13].

4.2. Long-Term Effectiveness of Lifestyle Modification in
Adolescents. Few randomized controlled trials (RCTs) have
tested the effectiveness of standard lifestyle modification in
an adolescent sample with (1) a treatment period of longer
than 8 months or (2) a posttreatment followup period.
(Lifestyle modification programs that prescribe a special
diet or physical activity regimen or delivery of treatment
via the Internet or telephone are examined in subsequent
sections of this review.) With one exception, which is

noted, all of these studies delivered lifestyle modification
in group format. One early RCT yielded promising long-
term outcomes [34]. Participants who completed the lifestyle
modification program had significantly better improvements
in relative weight (i.e., actual weight divided by expected
weight for age, sex, and height) at 1-year followup than
control group participants. At 1-year followup, the treatment
group maintained a weight loss of 3.9 kg, while weight
increased 1.3 kg in the control group.

Four RCTs tested the effectiveness of adolescent lifestyle
modification combined with parental involvement. One of
these studies [35] evaluated the effectiveness of a 2-year,
family-based behavioral treatment program for obese ado-
lescents in China. Monthly home visits were conducted for
all treatment sessions, rather than the traditional clinic-based
group format. BMI decreased significantly in adolescents
in the treatment group, for a total reduction of 9.8% at 2
years, whereas no significant reduction in BMI was observed
in the control group. This study demonstrated that home-
based, family-oriented treatment was more effective than no
treatment. Another RCT [36] compared the effectiveness of
lifestyle modification when adolescents were treated alone
versus when their parents also received treatment in a
separate group. At the end of treatment, the reduction
in percentage overweight was significantly larger in the
condition in which parents were involved in treatment than
when adolescents were treated alone. However, at the 9-
month followup, there were no differences between groups,
at which time both groups maintained an average reduction
in percentage overweight of approximately 8%. Finally, two
RCTs examined three different approaches to lifestyle mod-
ification; each of which provided 16 weeks of treatment: (1)
adolescent treated with no parent participation; (2) mother
and adolescent treated in the same sessions; and (3) mother
and adolescent treated in separate but concurrent sessions.
In the first of those two studies [37], the largest initial weight
losses were observed in the condition in which mothers and
adolescents were treated in separate but concurrent sessions.
Differences between the groups grew in magnitude and were
significant at 16 months: adolescents in the separate but
concurrent treatment condition maintained a weight loss of
7.7 kg, whereas those in the other conditions experienced a
weight gain of approximately 3 kg above baseline weight. In
contrast, the second study using this design [38] found that
weight change did not differ significantly between conditions
at 6-months followup, at which time approximately half
of participants remained below baseline BMI. Only 11%
of participants maintained a reduction in BMI of 5% or
more, and 21% showed an increase of 5% or more. The
lack of benefit of parent participation observed in this study
is consistent with the results of a meta-analysis that found
that parent participation in treatment had a larger benefit
for children under age 8 years than for older children [9].
The results of this study are also consistent with many studies
of lifestyle modification in adults, which typically found that
maintenance of treatment effects was poor [54, 55].

Several RCTs have tested innovative methods of delivery
of lifestyle modification to adolescents. Coates et al. [39]
conducted an RCT with a 2 × 2 factorial design to compare
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Table 1: Characteristics of Adolescent Clinical Trials.

Author
Sample

size
Method(s) of data analysis

Attrition at end of
study

Length of
treatment

Length of followup
(i.e., months after
treatment
completion)

Mellin et al. [34] 66
Not clear; presumably
completers only

16% 3 months 12 months

Jiang et al. [35] 75 Completers only 8% 24 months None

Coates et al. [36] 31
Not clear; presumably
completers only

None reported 20 weeks 9 months

Brownell et al. [37] 42
Not clear; presumably
completers only

14%

16 months
(sessions were held
every 2 months
after the initial 16
weekly sessions)

None

Wadden et al. [38] 47 Completers only 34% 4 months 6 months

Coates et al. [39] 42

ITT, in which return to
baseline weight was
assumed for participants
who did not provide data

14% 20 weeks 6 months

Resnicow et al [40] 147

(1) ITT (unclear how
missing data were
handled), and (2)
inclusion of only those
participants who
completed at least 75% of
treatment sessions

27% 6 months 6 months

Ebbeling et al. [41] 16

ITT, in which return to
baseline weight was
assumed for participants
who did not provide data
(completers analysis also
reported in paper, with
same result)

13% 6 months 6 months

Gutin et al. [42] 80

(1) Completers only and
(2) inclusion of only those
participants who attended
at least 40% of treatment
sessions and at least two
sessions per week of
physical activity

29% 8 months None

Jelalian et al. [43] 76

(1) Completers only and
(2) ITT, in which return
to baseline weight was
assumed for participants
who did not provide data

26% 4 months 6 months

Williamson et al.
[44]

57

ITT with LOCF (authors
also noted that same
results were found with
completers analyses)

30% 24 months None

Doyle et al. [45] 80

(1) Completers only and
(2) ITT, in which return
to baseline weight was
assumed for participants
who did not provide data

17% 4 months 4 months

Jones et al. [46] 105

(1) Completers only and
(2) ITT, in which return
to baseline weight was
assumed for participants
who did not provide data

17% 4 months 5 months
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Table 1: Continued.

Author
Sample

size
Method(s) of data analysis

Attrition at end of
study

Length of
treatment

Length of followup
(i.e., months after
treatment
completion)

Chanoine et al.
[47]

539

Modified ITT: inclusion
of all randomized
participants who
completed at least one
postbaseline visit, with
LOCF for subsequent
missing data

35% 12 months None

Ozkan et al. [48] 42 Completers only 17%
Mean 11.7 ± 3.7
months

None

Note: ITT : Intention-to-treat analysis; LOCF= last observation carried forward.

four treatment conditions, all of which included behavioral
treatment. The factors were monetary reinforcers (for weight
loss versus self-reported calorie intake) and frequency of
therapeutic contact (five times versus one time per week).
The treatment group that received monetary rewards for
weight loss and came to the clinic five times per week was the
only group to demonstrate a significant reduction in percent
overweight from pre- to posttreatment, and from pretreat-
ment to 6-month followup. Novel settings for delivery of
weight loss interventions also have been examined. Resnicow
et al. [40] evaluated a church-based, culturally-tailored
lifestyle modification program for overweight, African
American, adolescent females. Churches were randomized
to either a high-intensity (20 to 26 sessions) or moderate-
intensity (six sessions) intervention. In addition to standard
behavioral components, participants also engaged in physical
activity and prepared and tasted healthy foods during each
session. Neither intervention induced significant weight loss.
At posttreatment and 6-month followup, BMI did not differ
significantly between groups. Post-hoc analyses, however,
found that participants who attended at least 75% of the
sessions (47% of participants in that condition met this
criterion) showed favorable changes in BMI and that these
changes were sustained or enhanced at followup.

4.3. Conclusions. Long-term effectiveness data are available
from a small number of RCTs of lifestyle modification
in adolescents, and the evidence from these studies was
mixed. Participants in some of these studies were able to
maintain a meaningful weight loss, whereas other long-
term results were disappointing. There is not yet a large
enough body of evidence to recommend targeted changes to
lifestyle modification. One of the most promising results was
produced by a home-based treatment program that involved
the family and provided intervention over a period of 2 years;
this study was conducted in China, and replication of these
results in Western cultures is necessary.

Providing continued treatment during weight loss main-
tenance has shown promise in adult populations [56].
Recently published data from the Look AHEAD study found
that, using intention-to-treat (ITT) analyses, after 4 years
of continued treatment participants maintained a weight

loss of 4.7% of initial weight [57]. Maintenance sessions
may provide participants with the support and motivation
they need to continue to practice weight control behaviors,
such as keeping food records and exercising regularly [58].
However, other research has failed to find a benefit of
continued contact [59], and attendance often decreases when
treatment is extended [60, 61]. Continued contact also
can be expensive, so if effectiveness is more consistently
demonstrated, ways to deliver it with reduced cost will need
to be investigated.

Particular developmental issues need to be considered
in the long-term treatment of adolescents, including the
possibility of patients leaving the geographic area of the clinic
after high school (e.g., to attend college) and the challenges
of maintaining a constant meeting time for group treatment
when schedules for extracurricular activities or part-time
employment change. Other important developmental con-
siderations need to be addressed in future research, including
the appropriateness of single-sex versus coeducational group
treatment and the best way to involve parents or other family
members in treatment. Although the data on the benefits of
parental involvement are mixed, a developmental perspective
would suggest that involving parents in adolescent lifestyle
modification programs is likely to be valuable because of the
powerful influence parents have on the adolescent’s weight
control behaviors (e.g., by influencing the extent to which
the home environment supports healthy eating and physical
activity). Future research should conduct posttreatment
followup of adolescents in lifestyle modification programs
and also continue to study the extent to which parental
involvement and extended treatment can improve outcomes.
Several of the studies reviewed here conducted statistical
analyses with completers only; future research should use
ITT analyses with appropriate handling of missing data.

5. Dietary Interventions

5.1. Effect of Dietary Interventions. Standard lifestyle modi-
fication programs prescribe a diet in which calories and fat
are limited (i.e., to create an energy deficit of 500 kcal/d,
with fewer than 30% of calories from fat in the diet).
Additional dietary interventions have been developed to
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enhance adherence to these goals or to alter the composition
of the diet to facilitate negative energy balance or weight loss
maintenance.

5.2. Long-Term Effectiveness of Dietary Interventions in Ado-
lescents. Pediatric trials that have modified the macronu-
trient composition of the diet have not reliably produced
larger weight losses in the short-term than the standard
lifestyle modification diet [6–9]. Long-term data on the
effectiveness of dietary interventions in outpatient treatment
of adolescents are available from only one RCT. In this study,
participants followed either an ad libitum, reduced–glycemic
load diet or an energy-restricted, reduced-fat diet [41].
Dietary intervention was combined with behavioral therapy
and provided in 12 sessions over the weight loss period.
Participants in the glycemic diet condition experienced
no significant weight regain during the 6-month followup
period. From baseline to followup, average changes in BMI
differed significantly between groups. In ITT analyses, BMI
decreased 1.2 kg/m2 in the glycemic diet condition and
increased 0.6 kg/m2 in the reduced-fat condition. Replication
of this finding is necessary, particularly because this study
had a small sample size.

The first RCT examining the use of meal replace-
ments in obese adolescents is currently being conducted by
Berkowitz and colleagues. This study will provide important
information about the effectiveness of such a diet in this
population. An uncontrolled pilot study of this approach
in adolescents found that meal replacements successfully
induced weight loss and were acceptable to participants [62].
Meal replacements, which include liquid shakes, meal bars,
and frozen food entrees, provide dieters a fixed amount of
food, with a known calorie content. Using the principle of
stimulus narrowing, they often reduce dieters’ contact with
problem foods and the difficulties they may experience in
deciding what to eat (which may lead to overeating) [54].
Meal replacements also are relatively inexpensive compared
to conventional foods and require little preparation. They
may be especially appropriate for adolescents, who often have
not yet developed skills for preparing healthy foods, and
who may not have a home or school environment in which
healthy meals are available.

5.3. Conclusions. There are not yet sufficient data from
studies of dietary approach to weight loss maintenance in
adolescents. Investigations of adults indicate that calorie
intake, rather than macronutrient composition of the diet, is
the most important determinant of weight loss maintenance.
Several RCTs conducted with adults have compared weight
loss maintenance using low-fat, ad libitum calorie diets ver-
sus restricted-calorie diets [27, 63, 64], or low-carbohydrate
diets versus low-fat diets [65–67]. No diet has emerged as
consistently more effective than another in the long-term.
In the largest, long-term RCT [68] conducted to date, four
diets were compared. At 2 years, weight loss was similar
in groups that were assigned to a diet with low- or high-
protein, low- or high-fat, and low- or high-carbohydrates.
The choice of a particular dietary approach depends, in large

measure, on personal preference. Treatment providers also
should consider whether a particular diet (e.g., one that
is low in carbohydrate) is most likely to control comorbid
conditions in a patient (type 2 diabetes). The use of portion-
controlled servings and meal replacements currently has the
strongest evidence of long-term efficacy in adults [69–71].
These products eliminate the need to weigh and measure
foods, save time planning and preparing meals, and reduce
contact with problem foods [72]. To the extent that they
reduce dietary variety, they also may better satisfy appetite
[73–75]. Increasing dietary structure in the form of detailed
meal plans also improves weight loss maintenance [76].

Future research with adolescents must be conducted with
long-term followup to evaluate weight loss maintenance
and determine the safety of each diet with respect to the
particular developmental needs of adolescents. For instance,
diets must promote adequate calcium intake, which is vital
for bone development. Although behavioral treatment pro-
grams are unlikely to increase risk for eating disorders [77],
adolescents are at higher risk for eating disorders than adults,
so research must continue to evaluate the consequences
of particular diets for binge eating, purging, fasting, and
other disordered eating behaviors. In addition, the support
provided by parents (e.g., foods available at home, foods
prepared for family meals) and the food environment in a
patient’s school and community are likely to influence the
extent to which an adolescent successfully makes changes in
their diet.

6. Physical Activity Interventions

6.1. Nature of Physical Activity Interventions. Treatment
guidelines indicate that obese adolescents should be physi-
cally active for a minimum of one hour per day and reduce
television viewing and other screen time to no more than
one hour per day [7]. Lifestyle modification for adolescents
typically includes programmed exercise, lifestyle activity,
and efforts to decrease sedentary behaviors. As with dietary
interventions, some studies have tested whether modifying
the standard approach to physical activity promotion can
improve weight loss maintenance.

6.2. Long-Term Effectiveness of Physical Activity Interventions
in Adolescents. Pediatric trials that have assessed different
types of physical activity components have not reliably
produced larger weight losses, although moderate benefits
for adiposity have been documented [6–9]. Two RCTs
examined physical activity interventions in obese adolescents
with either (1) a treatment period of longer than 6 months
or (2) a posttreatment followup. Gutin et al. [42] compared
three interventions during an 8-month intervention period:
(1) standard lifestyle modification, (2) lifestyle modification
plus moderate-intensity supervised physical activity, or (3)
lifestyle modification plus high-intensity supervised physical
activity. The physical activity interventions included several
features that were expected to be appealing to adolescents,
such as prizes for hitting target heart rates and activities
that they might especially enjoy (e.g., kickball). Change
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in body fat percentage did not differ between groups in
ITT analyses. However, when only those participants who
attended at least 40% of treatment sessions and at least
two sessions per week of physical activity were included in
the analysis and participants in the two physical activity
conditions were combined (50% of participants in those
conditions met this criterion), change in percentage body
fat was significantly different between groups. It decreased
3.6% in the lifestyle modification plus supervised phys-
ical activity group and increased 0.2% in the standard
lifestyle modification group. Jelalian et al. [43] conducted
a study in which adolescents participated in a lifestyle
modification program in conjunction with either peer-
enhanced adventure therapy (similar to Outward Bound)
or aerobic exercise. The peer-enhanced adventure therapy
was expected to be especially appropriate for adolescents,
because it was designed to increase self-confidence, self-
efficacy, and mutual support among peers (who are influen-
tial models of behavior during this developmental period).
Analysis of treatment completers at 6-months followup
indicated that the percentage of participants maintaining
a 4.5 kg or higher weight loss was significantly higher in
the adventure therapy condition than the aerobic condition
(35% versus 12%). However, ITT analyses found no sig-
nificant difference between groups in weight change over
time.

6.3. Conclusions. Few RCTs of obese adolescents have exam-
ined which approaches to physical activity produce the best
weight loss maintenance, and no study has experimentally
examined the amount of physical activity that is neces-
sary for weight loss maintenance. Because physical activity
unquestionably confers health benefits, it should be included
in treatment programs for adolescent obesity [78]. In the
adult literature, there is strong correlational evidence that
high levels of physical activity are associated with the best
long-term outcomes [79–82]. The mechanism of action
for the possible benefit of high levels of physical activity
is unclear, but candidates include maintenance of energy
balance, prevention of loss of fat-free mass, and improved
mood [83, 84].

Future research must determine the optimal method of
promoting physical activity in obese adolescents. Several
studies have examined ways of promoting physical activity
for weight control in adults. These studies have found that
lifestyle activity and home-based activity may be especially
helpful for weight loss maintenance [85–87]. Special consid-
erations for adolescents include the extent to which parents,
peers, and the environment at home, school, and in the
community provide support for physical activity, as well as
the extent to which these factors promote sedentary activity.
Many adolescents have less autonomy for behavior change
than adults, so providers may need to be creative with
physical activity promotion and instruct parents in providing
support for physical activity. Because adolescence is a time
of heightened risk for eating disorders, research also should
evaluate any risk of excessive exercise that is conferred by
treatment.

7. Internet-Based Intervention

7.1. Use of Internet-Based Intervention. Recently, the Inter-
net has been studied as a method of delivering lifestyle
modification programs. These interventions have the poten-
tial to reach large numbers of adolescents, to improve
cost-effectiveness, and to facilitate extended contact with
the treatment team, which appears beneficial for weight
loss maintenance. Many of the features of Internet-based
treatment may be especially appealing to adolescents: (1)
intervention resources often can be used at anytime, so
consistency in scheduling is not necessary, (2) the patient
does not need to rely on an adult for transportation to
treatment, (3) therapy may be received with a certain amount
of anonymity, which can be beneficial for adolescents who
experience self-consciousness with regard to weight control,
and (4) the Internet provides a means of receiving social
support and sharing information that is already very familiar
to most adolescents.

7.2. Long-Term Effectiveness of Internet-Based Intervention in
Adolescents. Despite the intuitive appeal of such an approach
with adolescents, few trials have examined the efficacy of an
Internet-based lifestyle modification program for teens. The
most applicable study, conducted by Williamson et al. [44],
compared a 2-year interactive behavioral Internet program
(i.e., treatment group) to an Internet health education
program (i.e., control). Participants were overweight African
American adolescents and their parents. All participants also
received four face-to-face counseling sessions. At 6 months,
adolescents in the treatment group lost significantly more
body fat than those in the control condition. However,
the difference between groups was not maintained at 2
years, possibly because website usage decreased substantially
during the second year of treatment.

Two other Internet programs that had aims in addition to
weight control have been examined in RCTs with adolescents.
The first study tested an Internet program designed to
promote weight loss and improve body image [45]. Analysis
of treatment completers (but not ITT analyses) found that
at posttreatment, the intervention group had significantly
greater (though modest) improvements in BMI z-scores
than the psychoeducational control group. In either type of
analysis, the BMI z-score did not significantly differ between
groups at 4-months followup. The second study evaluated an
Internet program for weight maintenance and reduction of
binge eating [46]. The intervention group had significantly
greater reductions in BMI z-scores than the control group.
Among completers, 27% of the intervention group and 12%
of the control group had a BMI below the 85th percentile at
followup.

7.3. Conclusions. RCTs that examined weight loss mainte-
nance after Internet-based treatments for adolescents present
a mixed picture. These interventions appeared more effective
than minimal-contact comparison interventions for some
period of time, but it was not clear how well group differences
could be sustained. Even when group differences were found,
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the limited effectiveness of such approaches was apparent;
for example, Jones et al. [46] found that three-quarters of
the intervention group remained overweight or obese at
followup.

Research from the adult literature on Internet-delivered
interventions also has been mixed with some studies demon-
strating that these interventions were as effective for weight
loss maintenance as face-to-face intervention [75, 88], and
some studied demonstrating that Internet interventions
were less effective [61, 89]. Some studies found that adult
participants in face-to-face programs were more satisfied
with their treatment and attended more sessions than those
in Internet programs [88, 89]. Treatment acceptability must
be measured in future research to determine if this is the
case with adolescents. The use of telephone-based treatment
in adolescents also should be explored. The adult literature
on use of telephone contacts for weight maintenance is
small but promising [90–92]. However, such programs will
only have long-term success if they are implemented in
a way that maximizes continued engagement of patients
[93]. In summary, effective programs delivered via Internet
or telephone should be developed, especially as an option
for adolescents who do not have access to face-to-face
treatment. Further evaluation of these programs as a method
of extending treatment contact also is needed.

8. Medication

8.1. Use of Medication. Orlistat is the only medication
approved in the U.S. for the induction and maintenance of
weight loss in adults and adolescents (age 12–16). Orlistat is
a gastric and pancreatic lipase inhibitor that induces weight
loss by blocking the absorption of about one-third of the
fat contained in a meal [94]. The undigested fat (i.e., oil) is
excreted in stool and may be associated with gastrointestinal
events that include oily stools, flatulence with discharge, and
related complications [94].

Until recently, sibutramine, a combined serotonin-
norepinephrine reuptake inhibitor (SNRI) that is associated
with increased satiation (i.e., fullness) and a resulting
reduction in food intake, was Food and Drug Administration
(FDA) approved for adolescents 16 years of age or older [95].
The data on sibutramine use in adolescents indicated that
it produced large weight loss (e.g., 8.0% of weight loss after
1 year of treatment) and significantly greater improvements
in waist circumference, HDL cholesterol, triglycerides, and
insulin sensitivity compared with placebo [13, 96–98]. How-
ever, adolescents taking sibutramine typically experienced
small increases in diastolic blood pressure (about 1 mm Hg)
and pulse rate (4-5 beats per minute), as compared with
placebo. Recently, the SCOUT Trial [99] examined sibu-
tramine’s effects for up to 5 years in adults age 55 years or
older with known cardiovascular disease (or type 2 diabetes
with at least one additional risk factor for cardiac disease).
Patients taking sibutramine experienced an increased risk
of cardiovascular events, including myocardial infarction
and stroke, compared with placebo-treated patients [100,
101]. As a result, the FDA and the European Medicines

Agency recommended withdrawal of the medication from
the market, arguing that the benefits of treatment did not
outweigh its risks.

8.2. Long-Term Effectiveness of Medication in Adolescents.
Orlistat’s efficacy in adolescents has been examined in
two RCTs longer than 8 months, each of which provided
modest lifestyle modification programs in conjunction with
medication. In the larger of the two studies, conducted
by Chanoine et al. [47], participants who received orlistat
experienced a weight gain of 0.5 kg at the end of 1 year of
treatment, compared to a weight gain of 3.1 kg in participants
who received placebo (a significant difference). The smaller
study [48], which was not placebo-controlled, found that
participants taking orlistat lost of average of 6.3 kg during 1
year of treatment, whereas those in the control group gained
an average of 4.2 kg (a significant difference). In a meta-
analysis conducted by McGovern et al. [9], the combined
effect across studies of all duration was a decrease in BMI
of 0.7 kg/m2. The most methodologically sound evidence
indicates that the size of the weight loss produced and
sustained by orlistat is small. The medication also may be
unappealing to adolescents because of its gastrointestinal side
effects. No study has conducted a followup to determine the
extent to which weight loss is maintained after orlistat is
discontinued.

8.3. Conclusions. Orlistat has been evaluated in combina-
tion with lifestyle modification in obese adolescents. This
medication resulted in a better weight control than lifestyle
modification alone after 1 year, but the amount of weight
loss produced may be relatively small. Additional research
with adolescents is needed to determine if use of orlistat
can be extended to promote better weight loss maintenance
and to collect longer-term safety data. Two RCTs that
examined the long-term effectiveness of orlistat in adults
found that patients who received 2 years of orlistat had
significantly better weight loss maintenance than those who
received placebo [94, 102]. Adolescents enrolled in RCTs
of orlistat generally found the gastrointestinal side effects
of the medication acceptable, but additional data should
be collected outside of an RCT population. More data also
should be collected on the ability of adolescents to comply
with a low-fat diet when taking orlistat. Finally, it is critical
that health care providers who prescribe medication to
adolescents also prescribe a lifestyle modification program.
The effectiveness of medication is attenuated in the absence
of this lifestyle modification [103–105].

9. Comment

There is a striking paucity of research on weight loss mainte-
nance in adolescents. Research on weight loss maintenance
in adults is much more extensive and should guide future
research on adolescents, with the caveat that special devel-
opmental factors must be considered when designing and
evaluating programs for adolescents. The available research
suggests that lifestyle modification has promise, although it
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is not clear that any particular dietary or physical activity
component is much more effective than another. Meal
replacements are quite effective in adults and deserve further
research in adolescents. Extending the length of treatment to
teach weight loss maintenance skills is likely to improve long-
term outcomes, and delivering treatment via the Internet
or telephone is one novel way of doing so. Treatment that
combines lifestyle modification with orlistat appears safe
but medications that induce and maintain larger weight
losses are needed. Far greater resources must be devoted
to identifying methods to improve weight management in
obese adolescents.
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