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ADOLESCENT OBESITY IS A

serious health challenge
global ly af fect ing both
high- and middle-income

countries.1 More than 17.4%, or
more than 5 million, adolescents in
the United State were obese in 2004,
an increase from 14.8% in 2000.2 It is
associated with both immediate and
late health effects.3,4 Type 2 diabetes
in adolescents has increased more
than 10-fold in prevalence over the
last 2 decades.5 Diseases commonly
associated with the metabolic syn-
drome, such as obstructive sleep
apnea, hypertension, dyslipidemia,
polycystic ovary syndrome, and non-
alcoholic steatohepatitis, were previ-
ously almost unknown in adoles-

cence but are now commonplace,3-6

as are serious psychosocial disabili-
ties.6,7 Life expectancy for obese ado-
lescents is reduced.7,8
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Context Adolescent obesity is a common and serious health problem affecting more
than 5 million young people in the United States alone. Bariatric surgery is being evalu-
ated as a possible treatment option. Laparoscopic adjustable gastric banding (gastric
banding) has the potential to provide a safe and effective treatment.

Objective To compare the outcomes of gastric banding with an optimal lifestyle pro-
gram on adolescent obesity.

Design, Setting, and Patients A prospective, randomized controlled trial of 50
adolescents between 14 and 18 years with a body mass index (BMI) higher than 35,
recruited from the Melbourne, Australia, community, assigned either to a supervised
lifestyle intervention or to undergo gastric banding, and followed up for 2 years. The
study was performed between May 2005 and September 2008.

Main Outcome Measures Weight loss. Secondary outcomes included change in
metabolic syndrome, insulin resistance, quality of life, and adverse outcomes.

Results Twenty-four of 25 patients in the gastric banding group and 18 of 25 in life-
style group completed the study. Twenty-one (84%) in the gastric banding and 3 (12%)
in the lifestyle groups lost more than 50% of excess weight, corrected for age. Overall,
the mean changes in the gastric banding group were a weight loss of 34.6 kg (95% CI,
30.2-39.0), representing an excess weight loss of 78.8% (95% CI, 66.6%-91.0%), 12.7
BMI units (95% CI, 11.3-14.2), and a BMI z score change from 2.39 (95% CI, 2.05-
2.73) to 1.32 (95% CI, 0.98-1.66). The mean losses in the lifestyle group were 3.0 kg
(95% CI, 2.1-8.1), representing excess weight loss of 13.2% (95% CI, 2.6%-21.0%),
1.3 BMI units (95% CI, 0.4-2.9), and a BMI z score change from 2.41 (95% CI, 2.21-
2.66) to 2.26 (95% CI, 1.91-2.43). At entry, 9 participants (36%) in the gastric banding
group and 10 (40%) in the lifestyle group had the metabolic syndrome. At 24 months,
none of the gastric banding group had the metabolic syndrome (P=.008; McNemar �2)
compared with 4 of the 18 completers (22%) in the lifestyle group (P=.13). The gastric
banding group experienced improved quality of life with no perioperative adverse events.
However, 8 operations (33%) were required in 7 patients for revisional procedures either
for proximal pouch dilatation or tubing injury during follow-up.

Conclusions Among obese adolescent participants, use of gastric banding compared
with lifestyle intervention resulted in a greater percentage achieving a loss of 50% of ex-
cess weight, corrected for age. There were associated benefits to health and quality of life.

Trial Registration ANZCTR Identifier: 12605000160639
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Systematic reviews of lifestyle pro-
grams addressing changes in diet,
exercise, and behavior to promote
weight loss have found mostly poor
results.9 A recent Cochrane10 collabo-
ration meta-analysis that included 17
randomized controlled trials (RCTs)
of lifestyle programs involving ado-
lescents suggested that adolescents
experienced modest weight reduc-
tion for up to 12 months and weight
regain afterward. Methodological
heterogeneity, inadequate sample
size, and short-term follow-up re-
duced the quality of the studies pre-
cluding a calculation of an estimated
mean effect.

Bariatric surgery is now exten-
sively used for adults and is being
evaluated for adolescents.11 The most
common procedures are laparoscopic
adjustable gastric banding (gastric
banding) and Roux-en-Y gastric
bypass (gastric bypass) surgery. Ran-
domized controlled trials involving
adults have shown gastric banding to
be more effective and cost-effective
than optimal lifestyle treatment.12-14

Gastr ic banding has been pro-
posed for treating obese adoles-
cents.15 A systematic review of bariat-
ric surgery—8 studies involving 352
adolescents who underwent gastric
banding and 6 studies involving 131
adolescents who underwent gastric
bypass—reported observational data,
which by its nature precludes mak-
ing definitive conclusions about
whether adolescents would benefit
from bariatric surgery.15 Thus, a need
exists for appropriately controlled
RCTs to investigate whether surgical
procedures would benefit adoles-
cents.11,16

We hypothesized that gastric band-
ing would induce more weight loss
and would provide greater health ben-
efits and better improvement in the
quality of life of obese adolescents
than the optimal application of
the currently available lifestyle
approaches. To test this hypothesis,
we conducted a prospective, random-
ized controlled trial in a group of
severely obese adolescents.

METHODS
Participants
The trial was conducted between May
2005 and September 2008 in Mel-
bourne, Australia. Participants were re-
cruited from the community through
newspaper advertisements. Eligibility
criteria included age between 14 and 18
years; body mass index (BMI; calcu-
lated as weight in kilograms divided by
height in meters squared) greater than
35; identifiable medical complications
such as hypertension, metabolic syn-
drome, asthma, back pain; physical
limitations such as an inability to play
a sport, difficulties with activities of
daily living; or psychosocial difficul-
ties such as isolation or low self-
esteem, subject to bullying that stems
from obesity and evidence of attempts
to lose weight by lifestyle means for
more than 3 years. Participants and
their parents were informed of the 2
study groups and consented to ran-
domization to either treatment pro-
gram. We excluded 3 applicants with
intellectual disability and 1 with Prader
Willi syndrome.

Consultations and adjustments of the
gastric banding were carried out at a
community clinic dedicated to obesity
management or at a special clinic at the
Centre for Adolescent Health, Royal
Children’s Hospital. Gastric banding
procedures were conducted at a pri-
vate hospital. Patients did not pay any
medical costs. The study was ap-
proved by the human ethics commit-
tees of Monash University, the Royal
Children’s Hospital, and the Avenue
Hospital, in accordance with the guide-
lines of the National Health and Medi-
cal Research Council of 1999, as re-
vised in 2007 (available at http://www
.nhmrc.gov.au/publications/synopses
/e35syn.htm).

Assessment, Initial Program,
and Randomization

At initial telephone contact, potential
participants and their families were in-
vited to attend a patient information ses-
sion followed by a clinical assessment
by 2 physicians experienced in the man-
agement of obesity in adolescents. At

this time, the nature of the study and
the proposed management of the 2
study groups was carefully explained,
and the suitability of the participant was
clarified. Participants were asked to
complete a 2-week food diary, record
activity for 2 weeks using a pedom-
eter, and complete several question-
naires. A second consultation oc-
curred no less than 4 weeks later with
a detailed clinical assessment, confir-
mation of satisfactory completion of the
tasks, and further discussion of the trial
methods. Clinical assessment in-
cluded measurement of weight and
height, neck, waist, and hip circumfer-
ence; history of the weight disorder; and
diet and weight loss efforts. Clinical fea-
tures of comorbidities of obesity were
sought. Laboratory analyses included
fasting blood glucose, serum insulin, C-
peptide, hemoglobin A1c, iron status,
liver function tests, lipids, and thyroid
function tests.

Potential participants undertook a
2-month program that involved best
practice recommendations around eat-
ing and physical activity. At a third
clinical appointment, the randomiza-
tion process was again explained and
the consent form was signed by the par-
ticipant and the parent or guardian. Af-
ter a cooling-off period of 7 days, the
desire to enter the study was recon-
firmed and randomization was per-
formed using a computer-derived ran-
dom allocation sequence to allow
orderly admission into both pro-
grams. There was no stratification or
blocking, and the study was not
blinded.

Lifestyle Program

This program centered on reduced
energy intake (individualized diet
plans ranging between 800 and 2000
kcal/d, depending on age and weight
status), increased activity (target of
�10 000 steps per day on pedometer)
with a structured exercise schedule of
at least 30 minutes a day and behav-
ioral modification. Compliance was
monitored intermittently with food
diaries and step counts. Consultation
occurred approximately every 6
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weeks throughout the 24-month
study period by an adolescent physi-
cian and a dietitian or exercise con-
sultant, the study nurse coordinator,
and a sports medicine physician.

The participant’s family was in-
cluded in activities and education where
appropriate. Exercise and activity rec-
ommendations included decrease of
sedentary activities with a limit of
2-hour computer or television screen
time, increase of formal exercise in-
cluding bicycle riding, walking, and
swimming plus informal individual and
group activities. Group outings to fun
parks, bike rides, hiking trips, walk-
ing, jogging, kickboxing, indoor bowl-
ing, and outdoor reunions were sched-
uled. A personal trainer was provided
to each participant for a 6-week pe-
riod. Parents were invited to partici-
pate in a specific educational program
that included sports motivational talks,
nutritional education, and discus-
sions of the psychological aspects of
adolescence.

Gastric Banding Program

Participants in the gastric banding
group had the procedure performed
within a month of randomization. The
LAP-BAND Adjustable Gastric Band-
ing system (Allergan, Irvine, Califor-
nia) was used in all cases. Detailed in-
structions on the requirements for
correct eating and exercise after gas-
tric banding were provided by discus-
sion as well as in written form before
the procedure. Eating rules centered on
having 3 or fewer small (approxi-
mately 125 mL), protein-containing
meals per day, eaten slowly (1 min/
bite) and chewed well. Each partici-
pant was encouraged to undertake at
least 30 minutes of formal exercise per
day and to maintain a high level of ac-
tivity through the day. Clinical re-
views were conducted approximately
every 6 weeks for 2 years by experi-
enced medical staff. Adjustments to the
volume of fluid in the band were con-
ducted in the office, without use of x-ray
imaging, based on weight loss, sense of
satiety, and eating pattern and symp-
toms.17

Outcome Measures
The primary end point of the study was
whether participants could lose 50% ex-
cess weight. We used the Centers for
Disease Control and Prevention (CDC)
growth charts18 and defined excess
weight as the weight above the 85th per-
centile of BMI for age and sex. We cal-
culated the total weight loss (kg), per-
centage of total weight lost, percentage
of excess weight lost, change in BMI,
and BMI z score.19 BMI z scores are the
number of standard deviations that a
patient’s BMI deviates from the refer-
ence mean BMI for that age group. An-
thropometric measures included neck,
waist, and hip circumference. Adjust-
ment for change in height was made
when appropriate. Secondary end
points were health, quality of life, and
adverse events resulting from treat-
ment or from failure of compliance with
the protocol. Health status was docu-
mented by clinical assessment and in-
vestigations at the initial assessment be-
fore randomization, and at 12 and 24
months after randomization.

We defined the metabolic syn-
drome by the age-specific adolescent
criteria of Joliffe and Janssen20 linked
to the Adult Treatment Panel III21 cri-
teria. The definition of hypertension
was adjusted for age.22 Insulin sensi-
tivity and pancreatic �-cell function
were measured to estimate risk of dia-
betes, and we used the homeostatic
model assessment (HOMA)23 incorpo-
rating computer-derived nonlinear so-
lutions.24 HOMA correlates closely to
insulin resistance as measured by eu-
glycemic clamp.25 We used a HOMA in-
sulin resistance value of 2.6 as the up-
per limit of normal.26 Adverse events
included perioperative complications,
revisional or other gastric banding pro-
cedures, protocol violations, adverse
drug or treatment effects, hospitaliza-
tions, new disease diagnoses, and loss
to follow-up.

We measured quality of life using the
Child Health Questionnaire (CHQ
CF-50).27 This has been tested and stan-
dardized in more than 17 countries in-
cluding Australia.28 The questionnaire
was administered to each adolescent

alone, prior to randomization, and at
2 years after entry. The CHQ CF-50 has
11 validated subscores.29 Each item was
scored and transformed into 10 final
subscores with values ranging from 0
to 100, and 1 subscore (change of
health) with 5 levels.

Statistical Analysis

Sample Size. The study was powered
assuming that, using an intention-to-
treat analysis, more than 60% of pa-
tients of the gastric banding group
would achieve an excess weight loss of
more than 50% at 2 years30 and that less
than 10% of the lifestyle group would
achieve this weight loss. Using these ex-
pected proportions, we required 17 par-
ticipants in each the study group to pro-
vide an 80% power and a 2-sided
P value of .05. On the basis of a pos-
sible loss of 30% after randomization,
50 adolescents were recruited.

Data Analysis. We analyzed the
weight change data according to the pa-
tient’s randomly assigned program (in-
tention-to-treat analysis) and used com-
pleter’s analysis for the health and
quality of life data. Demographic data
were compared using the �2 test, inde-
pendent sample t test, or Wilcoxon
rank-sum test, as appropriate. Com-
parative outcomes of follow-up data of
anthropometry, blood pressure, qual-
ity of life, and biochemistry were ana-
lyzed using the McNemar �2 test for cat-
egorical data and t test for paired
samples for continuous data. All tests
were 2-sided. The laboratory and ques-
tionnaire represent data provided by
only those who completed. SPSS sta-
tistical software 16 (SPSS Inc, Chi-
cago, Illinois) and SAS software ver-
sion 9.1 (SAS Institute Inc, Cary, North
Carolina) were used for statistical
analysis.31 No adjustments were made
to account for multiple secondary
outcome comparisons. A 2-tailed P
value of less than .05 was considered
significant.

Longitudinal data analysis was per-
formed using SAS software to estimate
weight measures allowing for missing
data. This analysis was performed using
the PROC MIXED procedure in SAS
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with each participant treated as a ran-
dom effect. Main fixed effects of the
treatment and time were fitted to the
model with changes over time deter-
mined by an interaction between treat-
ment and time. To facilitate specific
comparisons, time was treated as a cat-
egorical variable. Age, sex, and base-
line weight were considered as poten-
tial covariates, with baseline weight
being the only variable found to be sta-
tistically significant. All observed data
were considered for analysis, with the
mixed-effects models assuming non-
informative dropout such that the prob-
ability of dropout may depend on a par-
ticipant’s previous response but not on
current or future responses.32

RESULTS
Study Participants

The flow of participants through each
stage of the study is shown in FIGURE 1.
Twenty-four of 25 participants in the
gastric banding group and 18 of 25 in
the lifestyle group completed the study.
The baseline characteristics of the 2
groups are shown in TABLE 1. There
were no statistically significant differ-
ences in demographics, anthropomet-
ric, clinical, or biochemical values ex-
cept for higher systolic blood pressure
and HOMA �-cell value in the life-
style group (Table 1). The partici-
pants were at a mean of 991⁄3 BMI per-
centile (range, 97.9-99.9) according to
growth charts.18 Extreme obesity
(�99th percentile) was present in all
but 4 participants. The participants
showed physiological maturity with sec-
ondary sexual characteristics in all and
most had completed bone growth. The
mean increase in height during the 24-
month study period was 1.4 cm. Re-
cruitment began in May 2005. All pa-
tients were randomly assigned by
August 2006. The final patient fol-
low-up was completed in September
2008.

Weight Loss

The primary outcome of greater than
50% of excess weight loss was achieved
by 21 of the 25 participants (84%) in
the gastric banding group and 3 of 25

Figure 1. Participant Flowchart

25 Included in primary analysis 25 Included in primary analysis

1 Refused to return for follow-up 7 Withdrew from study
1 Family problems
4 Unhappy with progress
1 Refused to return for follow-up
1 Had difficulty attending follow-up

25 Randomized to receive laparoscopic
adjustable gastric banding

25 Randomized to lifestyle modification

24 Completed study 18 Completed study

50 Randomized

163 Adolescents prescreened by telephone

84 Underwent clinical assessment

79 Excluded
33 Had body mass index <35,

did not meet age requirements,
or lived too remotely

10 Did not attend information seminar 
36 Did not wish to proceed

34 Excluded
8 Did not attend second appointment
4 Had body mass index <35
4 Had medical exclusions
4 Did not adhere to study protocol
1 Lacked parental support
1 Parent refused consent
1 Withdrew before randomization
8 Refused randomization
3 Were geographically remote

Table 1. Baseline Characteristics of Participantsa

Characteristic

Laparoscopic Adjustable
Gastric Banding Group

(n = 25)
Lifestyle Group

(n = 25)
P

Value
Age, y 16.5 (1.4) 16.6 (1.2) .78
Male sex, No. (%) 9 (36.0) 7 (28.0) .54
BMI 42.3 (6.1) 40.4 (3.1) .18
BMI percentile 99.25 (0.51) 99.20 (0.43) .19
z Score 2.54 (0.31) 2.46 (0.22) .37
Weight, kg 120.7 (25.3) 115.4 (14.0) .37
Waist circumference, cm 120.8 (14.2) 118.1 (10.6) .45
Blood pressure, mm Hg

Systolic 122.0 (13.9) 132.8 (15.9) .01
Diastolic 72.4 (7.5) 76.5 (10.5) .12

Plasma glucose, mg/dL 89 (20) 82 (7.2) .07
Plasma insulin, µIU/mL 23.4 (10.6) 26.1 (13.3) .43
HOMA, median (IQR), %

Insulin sensitivity 35 (29.9-49.4) 35.5 (23.5-50.6) .59
�-Cell function 210 (13.7) 255 (17.1) .048

Total cholesterol, mg/dL 173 (27) 178 (27) .53
Triglycerides, mg/dL 124 (44) 141 (141) .50
HDL-C, mg/dL 46 (12) 46 (8) .82
Metabolic syndrome, No. (%) 9 (36) 10 (40) .77
Abbreviations: BMI, body mass index, calculated as weight in kilograms divided by height in meters squared; HDL-C, high-

density lipoprotein cholesterol; HOMA, homeostasis model assessment; IQR, interquartile range.
SI conversion factors: to convert total cholesterol and HDL-C from mg/dL to mmol/L, multiply by 0.0259 and triglycerides

from mg/dL to mmol/L, multiply by 0.0113.
aData are presented as mean (SD), unless otherwise indicated.
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(12%) in the lifestyle group. The eFig-
ure (available at http://www.jama
.com) shows the weight loss, as
change in BMI, percentage of total
weight loss, and the BMI z score. At 2
years the gastric banding group had lost
a mean of 34.6 kg (95% CI, 30.2-
39.0). This represents an overall mean
loss of 28.3% (95% CI, 24.9%-31.7%)
total body weight, 78.8% (95% CI,
66.6%-91.0%) excess weight loss, and
12.7 BMI units (95% CI, 11.3-14.2).
The BMI z score decreased from 2.39
to 1.32, a mean difference of 1.08 (95%
CI, 0.86-1.31). The lifestyle group lost
a mean 3.0 kg (95% CI, 2.1-8.1), which
represents a mean 3.1% (95% CI, 0.7%-
6.8%) total weight loss, 13.2% (95% CI,
2.6%-21.0%) excess weight loss, and 1.3
BMI units (95% CI, 0.4-2.9). The BMI
z score for this group decreased from
2.41 to 2.26, a mean difference of 0.23
(95% CI, 0.05-0.39). The differences be-
tween groups was significant for all
weight measures at 24 months
(P� .001). All analyses are based on in-
tention-to-treat model. FIGURE 2 shows
the weight change of each participant
that ranged from a loss of 81.4 kg to a
weight gain of 17.0 kg.

Markers of Increased Health Risk

At study entry, 19 of the 50 participants
(38%) had the metabolic syndrome. Nine
(36%) of these were in the gastric band-
ing group and 10 (40%) in the lifestyle
group. All participants had central obe-
sity, 27 (54%) had hypertension, 22
(44%) had an abnormally low level of
high-density lipoprotein cholesterol, 13
(26%) had elevated triglyceride levels,
and 1 had an elevated fasting blood glu-
cose level. The values for these mea-
sures are shown for each group in
Table 1. At 24 months, none of the 24
completers in the gastric banding group
had the metabolic syndrome (P� .008;
McNemar �2). Four of the 18 com-
pleters in the lifestyle group still had
metabolic syndrome. The proportions
with metabolic syndrome were differ-
ent between groups at 24 months
(P=.025, Fisher exact test).

HOMA insulin resistance, the
reciprocal of HOMA insulin sensitiv-

ity percentage and an established esti-
mate of insulin resistance,25 was
abnormally high in 28 participants
(56%) at study commencement, with
a mean (SD) of 3.06 (1.5). After 2
years, the gastric banding group
reduced this to 1.04 (0.6) with no
abnormal values, while the lifestyle
group reduced to 2.06 (1.3) with 11%
still elevated at study completion. The
improvement of insulin sensitivity in
the gastric banding group (TABLE 2)
was greater than in the lifestyle group
(P� .001). �-Cell function or insulin
secretion, as estimated by total
HOMA �-cell function, was elevated
at study entry in both groups and
decreased in line with improved insu-
lin sensitivity (Table 2).

Clinical and Adverse Events

Gastric Banding Group. The gastric
banding placement occurred without
any complications during the periopera-
tive period or within 30 days. The mean
length of hospital stay was 26 hours
(range, 23-32 hours). The gastric band-
ing group had a mean of 20.4 visits
(range, 10-31) during the 2-year fol-
low-up and had 9.5 adjustments made

to the volume of saline in the band
(range, 5-18). Twelve participants
(48%) experienced a total of 13 ad-
verse events in the gastric banding
group (TABLE 3), 8 of which required
a revisional procedure among 7 pa-
tients (28%) during the 2-year period.
Six proximal pouch dilatations caused
symptoms of heartburn, reflux, or vom-
iting, and 2 needlestick injuries to tub-
ing. Revision consisted of removal and
replacement of the band or replace-
ment of the access port. These proce-
dures occurred without complication,
and the length of stay was less than 24
hours. This subgroup had a mean (SD)
weight loss of 83.3% (9.9%) of excess
weight loss at 2 years, which did not dif-
fer from the 77.7 % (37%) excess weight
loss among the rest of the members of
the gastric banding group. One pa-
tient developed acute cholecystitis
treated by cholecystectomy. Another pa-
tient, who had depression and tricho-
tillomania at study entry, required hos-
pital admission for depression at 8
months of follow-up, subsequent to pa-
rental divorce. There were 2 pregnan-
cies. One ended at 6 weeks from spon-
taneous abortion, while the other

Figure 2. Individual Weight Change at 2 Years
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delivered a healthy infant after comple-
tion of the study. There was 1 loss to
follow-up.

Lifestyle Group. Adolescents vis-
ited the adolescent physician, study di-
etitian, study nurse practitioner, or

other physicians a mean 15.5 (range,
7-31) times. There was also a mean of
5 telephone consultations per patient
and each participant had 6 sessions with
a personal trainer. Eighteen adverse
events occurred in 11 participants (44%;

Table 3). Seven patients withdrew from
the study (Figure 1). Six had gained
weight at the time of withdrawal.

One patient had 8 hospital admis-
sions for headache, depression, and ton-
sillitis. After multiple psychiatric as-
sessments and 3 lumbar punctures, the
diagnoses of bipolar disorder and be-
nign intracranial hypertension were
made just prior to completion of the
study. One patient required cholecys-
tectomy for cholelithiasis. There were
2 pregnancies. One had a termination
of pregnancy, while the other deliv-
ered a healthy infant.

Quality of Life Measures

Eight of the subscores of the CHQ are
shown in the eTable (available at http:
//www.jama.com) in which values are
compared with community norms de-
rived from Australian data.33 The sub-
scores for behavioral, emotional, and
physical limitations are not shown be-
cause these did not differ from commu-
nity values at entry into the study and
were not different within or between
groups over the 2-year follow-up pe-
riod. No significant differences existed
in any measures between groups at the
commencement of the study. At follow-
up, the gastric banding group showed
improvements in physical functioning,
general health, self-esteem, family ac-
tivities, and change in health. Both
groups experienced significant improve-
ment in general health. Both groups had
6 subscores below the community norm
at commencement. At 2 years, mem-
bers of the lifestyle group scored lower
than the community normfor generalbe-
havior, general health, physical func-
tioning, and self-esteem, whereas the gas-
tric banding group remained below the
community mean for general behavior
and family cohesion but significantly
higher for change in health and family
activities. No changes occurred for either
group in general behavior, mental health,
or family cohesion during the study.

COMMENT
In this randomized controlled trial of
treatment with the gastric banding pro-
cedure vs a lifestyle weight loss pro-

Table 2. Changes in Cardiovascular Risk End Points at 2 Yearsa

Change in Variable

Laparoscopic
Adjustable Gastric

Banding Group
(n = 24)

Lifestyle
Group
(n = 18)

Between-Group
Difference, Mean
(95% Confidence

Interval)
P

Valueb

Waist circumference, cm −28.2 (12.4) −3.5 (14.6) −24.7 (−33.1 to −16.3) �.001

P value �.001 .32

Blood pressure systolic,
mm Hg

−12.5 (17.6) −20.3 (21.7) 7.8 (−4.5 to 20.1) .21

P value �.002 �.001

Diastolic, mm Hg −6.0 (9.4) −6.9 (12.5) 0.9 (−5.9 to 7.7) .79

P value �.01 �.03

Plasma glucose, mg/dL −6.8 (20) 2.8 (9) −9.6 (−18.6 to 2.3) .13

P value .11 .46

Plasma insulin, µIU/mL −15.2 (10.1) −11.2 (11.0) −4.0 (−10.8 to 2.8) .24

P value �.001 �.001

HOMA insulin sensitivity, % 89 (71) 14.6 (48) 74.6 (116 to 33) .001

P value �.001 .26

HOMA �-cell function, % −95.4 (70) −74.9 (88,5) −20.5 (31 to −72) .43

P value �.001 .006

Triglycerides, mg/dL −52 (38) −32 (83) −20 (59 to 18) .29

P value �.001 .12

HDL cholesterol, mg/dL 9.3 (14.7) 3.9 (6) 5.4 (3.5 to 14) .22

P value �.005 .18

Metabolic syndrome, No. 0 4 78 .03

P value .008 .12
Abbreviations: HDL, high-density lipoprotein; HOMA, homeostasis model assessment.
SI conversion factors: to convert HDL cholesterol from mg/dL to mmol/L, multiply by 0.0259 and triglycerides from mg/dL

to mmol/L, multiply by 0.0113.
aData are presented as mean (SD) unless otherwise indicated. See Table 1 for baseline values.
bP values are for the difference between groups. All other P values are for within group differences.

Table 3. Adverse Events

Adverse Event No. of Events (% of Patients)

Laparoscopic adjustable gastric banding group (n = 25)
Total No. of events/participants (%) 13/12 (48)

Event
Proximal gastric enlargements 6 (24)

Needle stick injury to tubing 2 (8)

Cholecystectomy 1 (4)

Hospital admission for depression 1 (4)

Lost to follow-up 1(4)

Unplanned pregnancy 2 (8)

Lifestyle group (n = 25)
Total No. of events/participants (%) 18/11 (44)

Event
Hospital admission for depression and intracranial

hypertension event/No. of participants (%)
8/1 (4)

Cholecystectomy 1 (4)

Loss to follow-up 7 (28)

Unplanned pregnancy 2 (8)
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gram for adolescents with severe obe-
sity, weight measures and health status
improved in both study groups. How-
ever, the extent of the weight loss was
substantially greater for those in the gas-
tric banding group, which also showed
improved health with complete reso-
lution of the metabolic syndrome and
insulin resistance and quality of life as
measured by the CHQ.

Despite a comprehensive, behavior-
ally focused intervention, those in the
lifestyle group were not able to achieve
substantial weight loss. Indeed, keep-
ing adolescents and their parents in-
volved in the trial for its 2-year dura-
tion proved challenging. The extent of
weight loss in this group is consistent
with published literature, although
most studies have only 1 year of follow-
up.13

In contrast, there was substantial
weight loss in the gastric banding group.
All but 1 lost more than 10% of their
total body weight and 84% achieved
more than 50% of excess weight loss.
The effect was durable over the 2 years
of follow-up (eFigure).

A key end point of the study was evi-
dence of better current and future
health. The study was not powered to
enable evaluation of any single health
problem but did demonstrate reduc-
tion of the risk factors for cardiovas-
cular disease and diabetes through mea-
surement of the metabolic syndrome
and insulin resistance. Both became
normal for all gastric banding partici-
pants. There was also an improve-
ment in quality of life for the physical
activity, self-esteem, and general health
domains.

The gastric banding approach to
weight loss is not a quick fix. For op-
timal effectiveness, it requires long-
term supportive follow-up by trained
health professionals. The need for re-
visional procedures for enlargement of
the stomach above the band or injury
to the tubing is intrinsic to the gastric
banding procedure and was required in
28% of the patients in that treatment
group. Although this incidence is within
the range of other studies,34,35 it is higher
than what has been reported in recent

articles.36 Eating small meals slowly is
central to avoiding this problem after
the gastric banding procedure. This was
repeatedly stressed during the study.
For adolescents, additional education
and supervision of eating may help re-
duce the need for revision. The need for
a revisional procedure did not compro-
mise the weight loss outcome or lead
to additional adverse events. The inci-
dence of pregnancies was higher than
we anticipated and suggests sexual
counseling may be appropriate in as-
sociation with weight loss programs.37

There are several limitations of the
study. We cannot be sure how well the
participants reflect those of the gen-
eral obese adolescent population in the
community. The recruitment meth-
ods were used to minimize bias to-
ward one or other treatment but may
have drawn on a subset of the commu-
nity attracted by the availability of free
treatment. The study was powered to
measure differences in weight out-
comes rather than differences in other
health measures or adverse events. We
used an intention-to-treat analysis for
the primary outcome of weight change
but have used the completer’s analysis
for secondary outcomes. The 2-year du-
ration of the study may not be suffi-
cient to measure the durability of the
gastric banding approach. However,
previous experience with adults fol-
lowed up for as many as 8 years30,38 and
adolescents followed up for as many as
5 years39 provides a reasonable expec-
tation that the effect at 2 years will be
durable.

It has been argued that adolescents
with severe obesity need treatment dur-
ing adolescence rather than deferring
until adulthood.40 Severe obesity in ado-
lescents is associated with multiple se-
rious diseases, impaired quality of life,
and an increased risk for later cardio-
vascular and other diseases that would
reduce life expectancy.7,41 This study
confirms that lifestyle treatments can
achieve weight loss and improvement
in health for some. Diligent applica-
tion of these approaches should re-
main the first option for obese adoles-
cents.

However, if these measure fail,
should gastric banding be considered
for adolescents with severe obesity? Re-
cent reviews16,40 and health surveys of
adolescent obesity11,41 support the con-
sideration of bariatric surgery during
adolescence for those above the 99th
percentile if nonsurgical approaches
have failed. Laparoscopic adjustable
gastric banding was selected as the bar-
iatric surgical procedure of choice for
this study because it is an effective pro-
cedure12 that is safer than Roux-en-Y
gastric bypass surgery42 and is adjust-
able and reversible. With a final out-
come of 79% excess weight loss in the
gastric banding group, the present study
contributes data on the efficacy of 1 of
the candidate bariatric options.15 Re-
versibility is important because better
therapies are likely to become avail-
able during the active life of the ado-
lescent.

In this study, gastric banding proved
to be an effective intervention leading
to a substantial and durable reduction
in obesity and to better health. The ado-
lescent and parents must understand
the importance of careful adherence to
recommended eating behaviors and of
seeking early consultation if symp-
toms of reflux, heartburn, or vomiting
occur. As importantly, they should be
in a setting in which they can main-
tain contact with health professionals
who understand the process of care.
This study indicates that, in such a set-
ting, the laparoscopic adjustable gas-
tric banding process can achieve im-
portant improvements in weight,
health, and quality of life in severely
obese adolescents.
Author Affiliations: Centre for Obesity Research and
Education (Drs O’Brien, Brown, Skinner, Burton, and
Dixon and Mss Laurie, McGrice, and Anderson); Obe-
sity Research Unit, Department of General Practice (Dr
Dixon); and Department of Epidemiology and Pre-
ventive Medicine, Monash University (Mr Paul); Cen-
tre for Adolescent Health, Royal Children’s Hospital
(Drs Sawyer and Veit); Department of Paediatrics, Uni-
versity of Melbourne, and Murdoch Children’s Re-
search Institute (Dr Sawyer), Melbourne, Australia.
Author Contributions: Dr O’Brien had full access to
all of the data in the study and takes responsibility for
the integrity of the data and the accuracy of the data
analysis.
Study concept and design: O’Brien, Sawyer, Laurie,
Dixon.
Acquisition of data: O’Brien, Sawyer, Laurie, Brown,
Skinner, Veit, Burton, McGrice, Anderson, Dixon.

GASTRIC BANDING FOR SEVERELY OBESE ADOLESCENTS

©2010 American Medical Association. All rights reserved. (Reprinted) JAMA, February 10, 2010—Vol 303, No. 6 525

Downloaded From: https://jamanetwork.com/ on 05/22/2023



Analysis and interpretation of data: O’Brien, Sawyer,
Brown, Paul, Burton, Anderson, Dixon.
Drafting of the manuscript: O’Brien, Sawyer, Burton.
Critical revision of the manuscript for important in-
tellectual content: O’Brien, Sawyer, Laurie, Brown,
Skinner, Veit, Paul, Burton, McGrice, Anderson, Dixon.
Statistical analysis: O’Brien, Paul, Burton.
Obtained funding: O’Brien, Sawyer, Dixon.
Administrative, technical, or material support: O’Brien,
Sawyer, Laurie, Brown, Skinner, Veit, Burton, McGrice,
Anderson, Dixon.
Study supervision: O’Brien, Sawyer, Dixon.
Financial Disclosures: Dr Dixon reported that he has
a consultancy with Allergan and is a member of the

Allergan diabetes advisory board, has consultancies
with Bariatric Advantage, Scientific Intake, and SP
Health Co; serves on the Optifast medical advisory
board, the diabetes advisory board for Allergan Inc,
and the medical advisory board for Bariatric Advan-
tage; has served on speakers’ bureaus for Abbott
Australasia, Allergan Inc, Bariatric Advantage, Eli Lilly
Australia, Merck Sharp & Dohme Australia, Nestle Aus-
tralia, and Roche Products Australia. No other au-
thors reported disclosures.
Funding/Support: The study was funded by grant
NHMRC-GA05-384215 from the National Health and
Medical Research Council. The laparoscopic adjust-
able gastric bands used in the study were provided by

the manufacturer, Allergan. The Centre for Obesity
Research and Education receives an unrestricted re-
search support grant from Allergan.
Role of the Sponsor: NHMRC and Allergan had no
role in the design or conduct of the study, collection
or analysis of the data, or preparation of the manu-
script.
Online-Only Material: The efigure and eTable are
available at http://www.jama.com.
Additional Contributions: We thank Michael Bailey,
BSc, PhD, Department of Epidemiology and Public
Health, Monash University, for his statistical analysis
of the data, for which he received no compensation.
We thank the patients who took part in the study.

REFERENCES

1. Ebbeling CB, Pawlak DB, Ludwig DS. Childhood
obesity: public-health crisis, common sense cure.
Lancet. 2002;360(9331):473-482.
2. Ogden CL, Carroll MD, Curtin LR, McDowell MA,
Tabak CJ, Flegal KM. Prevalence of overweight and
obesity in the United States, 1999-2004. JAMA. 2006;
295(13):1549-1555.
3. Freedman DS, Khan LK, Dietz WH, Srinivasan SR,
Berenson GS. Relationship of childhood obesity to coro-
nary heart disease risk factors in adulthood: the Bo-
galusa Heart Study. Pediatrics. 2001;108(3):712-
718.
4. Deckelbaum RJ, Williams CL. Childhood obesity:
the health issue. Obes Res. 2001;9(suppl 4):239S-
243S.
5. Rocchini AP. Childhood obesity and a diabetes
epidemic. N Engl J Med. 2002;346(11):854-855.
6. Daniels SR, Arnett DK, Eckel RH, et al. Over-
weight in children and adolescents: pathophysiol-
ogy, consequences, prevention, and treatment.
Circulation. 2005;111(15):1999-2012.
7. Ludwig DS. Childhood obesity–the shape of
things to come. N Engl J Med. 2007;357(23):2325-
2327.
8. Olshansky SJ, Passaro DJ, Hershow RC, et al. A po-
tential decline in life expectancy in the United States
in the 21st century. N Engl J Med. 2005;352(11):
1138-1145.
9. Connelly JB, Duaso MJ, Butler G. A systematic re-
view of controlled trials of interventions to prevent
childhood obesity and overweight: a realistic synthe-
sis of the evidence. Public Health. 2007;121(7):
510-517.
10. Oude Luttkhuis H, Baur L, Jansen H, Shewsbury
VA, O’Malley C, Stolk RP, Summerbell CD. Interven-
tions for Treating obesity in children. Cochrane Da-
tabase Syst Rev. 2009;(1):cd14001872.
11. Inge TH, Xanthakos SA, Zeller MH. Bariatric sur-
gery for pediatric extreme obesity: now or later? Int J
Obes (Lond). 2007;31(1):1-14.
12. O’Brien PE, Dixon JB, Laurie C, et al. Treatment
of mild to moderate obesity with laparoscopic adjust-
able gastric banding or an intensive medical pro-
gram: a randomized trial. Ann Intern Med. 2006;
144(9):625-633.
13. Dixon JB, O’Brien PE, Playfair J, et al. Adjustable
gastric banding and conventional therapy for type 2
diabetes: a randomized controlled trial. JAMA. 2008;
299(3):316-323.
14. Keating CL, Dixon JB, Moodie ML, et al. Cost-
effectiveness of surgically induced weight loss for the
management of type 2 diabetes: modeled lifetime
analysis. Diabetes Care. 2009;32(4):567-574.
15. Treadwell JR, Sun F, Schoelles K. Systematic re-
view and meta-analysis of bariatric surgery for pedi-
atric obesity. Ann Surg. 2008;248(5):763-776.

16. Pratt J, Lenders CM, Dionne EA, et al. Best prac-
tice updates for pediatric/adolescent weight loss
surgery. Obesity (Silver Spring). 2009;17(5):901-
910.
17. Favretti F, O’Brien PE, Dixon JB. Patient manage-
ment after LAP-BAND placement. Am J Surg. 2002;
184(6B):S38-S41.
18. Kuczmarski RJ, Ogden CL, Grummer-Strawn LM,
et al. CDC growth charts: United States. Adv Data.
2000;(314):1-27.
19. Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. Es-
tablishing a standard definition for child overweight
and obesity worldwide: international survey. BMJ.
2000;320(7244):1240-1243.
20. Jolliffe CJ, Janssen I. Development of age-
specific adolescent metabolic syndrome criteria that
are linked to the Adult Treatment Panel III and Inter-
national Diabetes Federation criteria. J Am Coll Cardiol.
2007;49(8):891-898.
21. Expert Panel on Detection, Evaluation, and Treat-
ment of High Blood Cholesterol in Adults. Executive
Summary of the Third Report of the National Cho-
lesterol Education Program (NCEP) Expert Panel on
Detection, Evaluation, and Treatment of High Blood
Cholesterol in Adults (Adult Treatment Panel III). JAMA.
2001;285(19):2486-2497.
22. National High Blood Pressure Education Pro-
gram Working Group on High Blood Pressure in Chil-
dren and Adolescents. The fourth report on the diag-
nosis, evaluation, and treatment of high blood pressure
in children and adolescents. Pediatrics. 2004;114
(2 suppl 4th report):555-576.
23. Matthews DR, Hosker JP, Rudenski AS, Naylor
BA, Treacher DF, Turner RC. Homeostasis model
assessment: insulin resistance and beta-cell function
from fasting plasma glucose and insulin concentra-
tions in man. Diabetologia. 1985;28(7):412-419.
24. Levy JC, Matthews DR, Hermans MP. Correct ho-
meostasis model assessment (HOMA) evaluation uses
the computer program [letter]. Diabetes Care. 1998;
21(12):2191-2192.
25. Bonora E, Targher G, Alberiche M, et al. Homeo-
stasis model assessment closely mirrors the glucose
clamp technique in the assessment of insulin sensitiv-
ity: studies in subjects with various degrees of glu-
cose tolerance and insulin sensitivity. Diabetes Care.
2000;23(1):57-63.
26. Ascaso JF, Pardo S, Real JT, Lorente RI, Priego A,
Carmena R. Diagnosing insulin resistance by simple
quantitative methods in subjects with normal glu-
cose metabolism. Diabetes Care. 2003;26(12):
3320-3325.
27. Landgraf J, Abetz L, Ware JE. The CHQ User’s
Manual. Boston, MA: The Health Institute, New En-
gland Medical Center; 1996.
28. Landgraf JM, Maunsell E, Speechley KN, et al.

Canadian-French, German and UK versions of the Child
Health Questionnaire: methodology and preliminary
item scaling results. Qual Life Res. 1998;7(5):433-
445.
29. Waters E, Salmon L, Wake M, Hesketh K, Wright
M. The child health questionnaire in Australia: reli-
ability, validity and population means. Aust N Z J Pub-
lic Health. 2000;24(2):207-210.
30. O’Brien PE, Dixon JB, Brown W, et al. The lapa-
roscopic adjustable gastric band (Lap-Band): a pro-
spective study of medium-term effects on weight,
health and quality of life. Obes Surg. 2002;12(5):
652-660.
31. SPSS for Windows [computer program]. Version
10.0.5. Chicago, Illinois, USA: SPSS. Inc; 1999.
32. Diggle P, Kenward M. Informative dropout in lon-
gitudinal data analysis. Appl Stat. 1994;43:49-
93.
33. Waters EB, Salmon LA, Wake M, Wright M,
Hesketh KD. The health and well-being of adoles-
cents: A school-based population study of the self-
report child health questionnaire. J Adolesc Health.
2001;29(2):140-149.
34. Allen JW. Laparoscopic gastric band complications.
Med Clin North Am. 2007;91(3):485-497.
35. Mittermair R, Aigner F, Obermuller S. High com-
plication rate after Swedish adjustable gastric band-
ing in younger patients � or =25 years. Obes Surg.
2009;19(4):446-450.
36. Brown WA, Burton PR, Anderson M, et al. Sym-
metrical pouch dilatation after laparoscopic adjust-
able gastric banding: incidence and management. Obes
Surg. 2008;18(9):1104-1108.
37. Roehrig HR, Xanthakos SA, Sweeney J, Zeller MH,
Inge TH. Pregnancy after gastric bypass surgery in
adolescents. Obes Surg. 2007;17(7):873-877.
38. O’Brien PE, McPhail T, Chaston T, Dixon J. Sys-
tematic review of medium term weight loss after bar-
iatric operations. Obes Surg. 2006;16(8):1032-
1040.
39. Fielding GA, Duncombe JE. Laparoscopic adjust-
able gastric banding in severely obese adolescents. Surg
Obes Relat Dis. 2005;1(4):399-405.
40. Garcia VF. Adolescent bariatric surgery: treat-
ment delayed may be treatment denied. Pediatrics.
2005;115(3):822-823.
41. Freedman DS, Dietz WH, Srinivasan SR, Berenson
GS. The relation of overweight to cardiovascular risk
factors among children and adolescents: the Boga-
lusa Heart Study. Pediatrics. 1999;103(6 Pt 1):
1175-1182.
42. Flum DR, Belle SH, King WC, et al; Longitudinal
Assessment of Bariatric Surgery (LABS) Consortium.
Perioperative safety in the longitudinal assessment
of bariatric surgery. N Engl J Med. 2009;361(5):
445-454.

GASTRIC BANDING FOR SEVERELY OBESE ADOLESCENTS

526 JAMA, February 10, 2010—Vol 303, No. 6 (Reprinted) ©2010 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023


