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Abstract Background: Bariatric surgery is 1 of the few effective treatments of morbid obesity. How-
ever, the weight loss and other health-related outcomes for this procedure in large, diverse
adolescent patient populations have not been well characterized. Our objective was to analyze
the prospective Bariatric Outcomes Longitudinal Database (BOLD) to determine the weight
loss and health related outcomes in adolescents. The BOLD data are collected from 423
surgeons at 360 facilities in the United States.
Methods: The main outcome measures included the anthropometric and co-morbidity status at
baseline (n � 890) and at 3 (n � 786), 6 (n � 541), and 12 (n � 259) months after surgery.
Adolescents (75% female; 68% non-Hispanic white, 14% Hispanic, 11% non-Hispanic black, and
6% other) aged 11 to 19 years were included in the present analyses.
Results: The overall 1-year mean weight loss for those who underwent gastric bypass surgery
was more than twice that of those who underwent adjustable gastric band surgery (48.6 versus
20 kg, P � .001). Similar results were found for all other anthropometric changes and
comparisons within 1 year between surgery types (P � .001). In general, the gastric bypass
patients reported more improvement than the adjustable gastric band patients in co-morbidities
at 1 year after surgery. A total of 45 readmissions occurred among gastric bypass patients and
10 among adjustable gastric band patients, with 29 and 8 reoperations required, respectively.
Conclusions: The weight loss at 3, 6, and 12 months after surgery is approximately double in
adolescent males and females who underwent gastric bypass surgery versus those who underwent
adjustable gastric band surgery. Bariatric surgery can safely and substantially reduce weight and
related co-morbidities in morbidly obese adolescents for �1 year. (Surg Obes Relat Dis 2013;9:
503–513.) © 2013 American Society for Metabolic and Bariatric Surgery. All rights reserved.
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The global epidemic of obesity is a worldwide public and
clinical health issue [1]. According to the World Health Orga-
ization, obesity is increasing by 30 million cases annually [1].
n the United States, the life expectancy is projected to de-
rease as a consequence of obesity alone, prompting the in-
estigation of more treatment options [2]. Moreover, the dis-
ribution of the body mass index (BMI) has become skewed so
hat the heaviest have become even heavier [3].

Specifically, the U.S. Centers for Disease Control and Pre-
ention recently began estimating the proportion of morbidly
bese (BMI �97th percentile for age and gender) children and
dolescents [3]. In 2007 to 2008, an estimated 12% of all U.S.
hildren aged 2 to 19 years old were morbidly obese. Among
2- to 19-year-old adolescents, the estimates were 11% for
on-Hispanic whites, 15% for Mexican Americans and other
ispanics, and 19% for non-Hispanic blacks [3].
Childhood-onset obesity has several health-related conse-

uences that, until recently, were documented only in adult-
ood, including hypertension, insulin resistance, glucose intol-
rance, and dyslipidemia [4,5]. In turn, these conditions are
isk factors for type 2 diabetes and cardiovascular disease in
oth childhood and adulthood [6,7]. Additionally, childhood
besity has also been associated with orthopedic problems [8],
olycystic ovarian syndrome [9], nonalcoholic fatty liver dis-
ase [10], anxiety [11], and depression [11]. Most of these
ealth issues also track consistently into adulthood [4].

Weight loss surgery among both adults and adolescents has
ecome increasingly recognized as effective treatment of these
o-morbidities, and it is considered to be a reasonable option
hen nonoperative methods of weight loss fail [11,12]. Cur-

ent studies have suggested that neither pharmacologic nor
ietary treatment can maintain weight loss in obese adolescents
s effectively as can weight loss surgery [12–14].

Although bariatric surgery is accepted as the treatment of
hoice for recalcitrant morbid obesity among adults, the ac-
eptance of the surgery for adolescents has not been universal.
dolescents account for a small percentage of the cases per-

ormed; however, this percentage is expected to increase [15].
he long-term safety and efficacy of bariatric surgery in ado-

escents have not yet been determined, particularly in large
eographically and ethnically diverse samples [15,16]. The
pecific concerns include the ability to obtain appropriate con-
ent, risks of major surgery, long-term adherence to dietary
ecommendations, unknown long-term effects, and the proba-
ilities of long-term weight maintenance and resolution of
elated co-morbidities [16–18]. Although the published data
n bariatric outcomes in adolescents has increased exponen-
ially, most studies have been small and usually from individ-
al surgical practices [17].

Accordingly, we analyzed the data from the Bariatric
utcomes Longitudinal Database (BOLD), a large database
hat tracks the outcomes of patients from a wide geographic u
rea who have undergone bariatric surgery. We report the
ffects of bariatric surgery on weight loss, co-morbidities,
nd complications in a large multiethnic cohort of morbidly
bese adolescents 1 year after surgery.

ethods

he BOLD database

The data for the BOLD database are collected prospectively
rom participants in the Bariatric Surgery Center of Excellence
BSCOE) program sponsored by the American Society for

etabolic and Bariatric Surgery (ASMBS) [19]. The partici-
ating centers enter data collected for all bariatric surgery
atients during preoperative visits, hospital stay, and all post-
perative visits. These data are used to monitor adherence to
he requirements of the BSCOE program and to support quality
mprovement for the surgical treatment of obesity and its as-
ociated conditions.

ata quality assurance procedures

All BSCOE programs undergo a site inspection before
pproval and recertification every 3 years. During the site
nspection, the accuracy of BOLD data are verified in an
mpartially selected sample of 10% of medical records. All
ata on complications and readmissions are also reviewed
or accuracy. Specifically, all surgeries reported in BOLD
re compared with a hospital-generated surgery list, and all
omplications and readmissions occurring within 30 days of
urgery are verified. In addition, a 10% random chart review
s performed. Any unreported reoperations, readmissions,
eaths, transfers, or revisions found during chart review
rigger a 100% chart review. Inconsistencies noted during
he site inspections are reported to the Bariatric Surgery
eview Committee, who recommends whether the appli-
ant should receive or maintain BSCOE designation status.

The BOLD software has built in numerous data valida-
ion and verification rules that are intended to prevent the
ntry of invalid, out-of-range, and inconsistent data. The
oftware will not accept out-of-range values (e.g., out-of-
ange values for height, weight, and age), and data entry
ersonnel are asked to confirm the entries that lie within
uspect ranges. Within BOLD is a data validation report that
ists patients with questionable data that must be addressed.
he sites are generally given 14 days to correct their data in
OLD. For those sites that do not use an electronic medical

ecord to transfer data to BOLD, the Surgical Review Cor-
oration (SRC) encourages centers to use patient encounter
orms to collect BOLD data during the patient encounter

sing the same format as in the software.



S

R

a

505Adolescent bariatric surgery outcomes / Surgery for Obesity and Related Diseases 9 (2013) 503–513
The SRC

The SRC was established in 2003 as an independent,
nonprofit organization dedicated to advancing the safety,
efficacy, and efficiency of bariatric and metabolic surgical
care worldwide. With the ASMBS, the SRC developed the
BSCOE program and administers it on behalf of the
ASMBS. The primary function of the BSCOE program is to
collect and analyze data to improve bariatric surgical care.
Surgeons and hospitals qualify for BSCOE designation by
passing a rigorous evaluation process verifying that they
have a comprehensive, multidisciplinary bariatric program
that meets or exceeds the approved clinical practice guide-
lines for bariatric surgery [19].

Research data

The Copernicus Group Independent Review Board ap-
proved the use of BOLD data for research with a waiver of
informed consent. The BOLD study has been registered
with the National Institutes of Health (NCT01002352). The
Copernicus Group Independent Review Board determined
that the BOLD study poses minimal risk to patients and that
the SRC has adequate safeguards in place to ensure confi-
dentiality of the protected health information described in
the study protocol. Patients (or their guardians if �18 years
old) are presented with a Copernicus Group Independent
Review Board-approved Patient Information Sheet or local
institutional review board-approved document during their
initial visit. Patients or their guardians inform the bariatric
surgeon or staff if they do not wish to participate in the
study before their surgery. All consent process data are
included in the BOLD database.

About 65% (169,000) of the patients treated by surgeons
participating in the BSCOE program have allowed their data
to be analyzed for research purposes. Analyses (data not
presented) showed that the demographic, preoperative char-
acteristics (BMI, prevalence of co-morbidities), and 30-day
safety outcomes (rates of mortality, serious complications,
readmissions, and reoperations) across all procedures do not
differ substantially between those who are and are not
included in the database. Data are currently entered into the
database by �1000 surgeons from �600 facilities in the
United States (all states are represented, with the exception
of Vermont and New Mexico), representing approximately
85% of all facilities nationwide performing �10 bariatric
procedures annually.

Patient selection

We analyzed data from all patients aged 11 to 19 years
who had undergone bariatric surgery from April 2004 to
October 2010 and who allowed their data to be used for
research purposes. The data analyzed for the present study
were from 423 surgeons and 360 facilities participating in

the BSCOE program.
Data collection

At BSCOE, primary BOLD data are generally collected
using medical charts (paper or electronic) by a healthcare
provider. The SRC encourages the use of BOLD patient
encounter forms to streamline this effort. Several third-party
electronic medical record systems interface with BOLD to
prevent duplicate data entry. Each surgical practice must
appoint a BOLD administrator who manages the adminis-
trative aspects of BOLD and is responsible for ensuring
high-quality BOLD data entry by the practice. The assign-
ment of BOLD data entry responsibility varies across bari-
atric programs. Each BSCOE participant practice deter-
mines who within their program is most appropriate to enter
the data and is responsible for their participation in the
training opportunities offered by the SRC. BOLD data entry
can be managed entirely by the surgical practice or can be
shared with the hospital. The training and support provided
to all data entry personnel by the SRC includes on-demand
BOLD data entry webinars, data entry guidelines, weekly
ASK SRC teleconferences, and general support through the
SRC’s Helpdesk.

Variables used for analysis

We collected data on age, gender, race, weight, BMI,
weight loss (difference between baseline weight in kilo-
grams and weight at each respective measurement point),
surgery type, and the status of several cardiometabolic,
psychosocial, and general co-morbidities, including diabe-
tes, hypertension, hyperlipidemia, asthma, gastroesophageal
reflux disease, and depression.

Co-morbidity severity was scored using a system based on
the Assessment of Obesity-Related Co-morbidities Scoring
System [20], the National Institutes of Health Longitudinal

Table 1
Demographic characteristics of 890 adolescents who underwent bariatric
surgery from 2004 to 2010

Characteristic Value Baseline BMI
Z score

P

Age at surgery (yr) 18.5 � .1
Gender �.001

Male 225 (25.3) 3.14 � .2
Female 665 (74.7) 2.41 � .2

urgery type �.001
Gastric bypass 454 (51.0) 2.67 � .4
Adjustable gastric band 436 (49.0) 2.53 � .4

ace
Non-Hispanic white 606 (68.1) 2.57 � .4*,†
Hispanic 129 (14.5) 2.68 � .4*
Non-Hispanic black 98 (11.0) 2.67 � .3†
Other 57 (6.4) 2.60 � .4

BMI � body mass index.
Data presented as mean � standard deviation or numbers, with percent-

ges in parentheses.
* Non-Hispanic white versus Hispanic, P � .004.

† Non-Hispanic white versus non-Hispanic black, P � .02.



a
(
(
a

G

t

506 S. E. Messiah et al. / Surgery for Obesity and Related Diseases 9 (2013) 503–513
Assessment of Bariatric Surgery protocol (LABS)[21], and an
extensive review of the published data and was developed by
BSCOE to report uniform outcomes. Severity was scored from
0 to 5, with 0 indicating no symptoms or evidence of disease;
1, symptomatic but requiring no medication; 2, having a diag-
nosis but not requiring medication; 3, having a diagnosis and
requiring medication; 4, requiring �1 medication because of
severe medical complications; and 5, having the most severe
form of the co-morbidity (e.g., poorly controlled by medica-
tions, organ damage, and dysfunction). For example, depres-
sion was scored as follows: 0, no symptoms of depression; 1,
mild and episodic depression not requiring treatment; 2, mod-
erate depression accompanied by some impairment, might re-
quire treatment; 3, moderate depression with significant im-
pairment, treatment indicated; 4, severe depression definitely
requiring intensive treatment; and 5, severe depression requir-
ing hospitalization. Severity was assessed for each co-morbid-
ity at each postoperative visit by the surgeon.

Guidelines, including definitions [19], were provided to
ll BSCOEs to document an adverse event/complication as
1) death; (2) a complication that prolonged hospitalization
�18-hr beyond the expected discharge date), required re-
dmission to the emergency room or hospital (i.e., any

Table 2
Mean anthropometric measures after bariatric surgery (2004–2010) stratifi

Variable Preoperative

astric bypass 454
BMI (kg/m2) 50.69 (.39)
BMI percentile 99.42 (.03)
BMI Z score 2.67 (.01)
BMI change (%)
Weight (kg) 145.23 (1.19)
Weight percentile 99.67 (.03)
Weight Z score 2.95 (.01)
WL (kg)
WL (%)

Adjustable gastric banding 436
BMI (kg/m2) 46.01 (.32)
BMI percentile 99.20 (.03)
BMI Z score 2.54 (.01)
BMI change (%)
Weight (kg) 130.43 (.96)
Weight percentile 99.48 (.02)
Weight Z score 2.77 (.01)
WL (kg)
WL (%)

BMI � body mass index; BMI change � difference between baseline B
weight loss or difference between baseline weight in kilograms and wei
(calculated using the middle of the 1983 Metropolitan Life Insurance tabl
lost with excess �25 kg/m2) is the standard measure used in the adult popul
ables were designed for adults aged 25–59 years only.

Data presented as estimate � standard error.
* Model adjusted by age, gender, and race.
† P � .001 for change across all points, for all anthropometric measure
‡ P � .01 for changes between each point, for all anthropometric meas

§ P � .001 for change across all time points, for all anthropometric measures
hospital or facility stay that lasted for �24-h), or requires
treatment outside of standard postoperative care (e.g., a
therapeutic surgical, endoscopic, or radiologic intervention,
regardless of where the intervention is performed or a phar-
macologic treatment with the exception of over-the-counter
drugs); (3) within 30 days of surgery (all adverse events/
complications, readmissions, and reoperations are entered
into BOLD, regardless of whether they appeared to be
related to the surgery); and (4) �30 days after surgery (all
adverse events/complications that appeared on the list of
complications in BOLD must be entered).

All hospital readmissions and/or reoperations occurring as a
result of a complication listed in BOLD must also be entered.
Adverse events/complications unrelated to the surgery not on
the list of complications in BOLD are entered. BSCOE par-
ticipants are expected to report all complications in their
patients that meet the outlined criteria, even if these compli-
cations were managed by another healthcare provider. At rou-
tine postdischarge visits, the BSCOE participants are instructed
to review with patients any complications they might have had
that were managed by another program. The SRC site inspec-
tors note the inclusion of documents from other healthcare
providers within the patient charts.

surgery type*

operatively (mo)†,‡,§

6 12

258 108
42 (.37) 38.00 (.39) 33.62 (.43)
07 (.04) 96.38 (.29) 91.48 (.92)
50 (.01) 2.08 (.03) 1.71 (.05)
36 (.05) �3.04 (.28) �7.85 (.88)
11 (1.15) 109.03 (1.15) 96.51 (1.29)
35 (.05) 96.58 (.36) 91.90 (1.06)
73 (.02) 2.25 (.03) 1.86 (.05)
05 (.41) 36.09 (.64) 48.60 (1.02)
35 (.28) 25.38 (.45) 33.69 (.61)

283 151†

38 (.31) 41.03 (.33) 39.09 (.41)
91 (.04) 98.17 (.20) 97.24 (.33)
43 (.01) 2.29 (.02) 2.14 (.03)
28 (.02) �1.02 (.2) �1.95 (.32)
97 (.94) 116.35 (.97) 110.66 (1.18)
25 (.04) 98.78 (.09) 97.72 (.35)
64 (.02) 2.51 (.02) 2.36 (.03)
46 (.23) 14.13 (.47) 19.81 (.91)
70 (.16) 10.73 (.34) 14.89 (.67)

rcentile and BMI percentile at each measurement point; WL � estimated
each measurement point; although the percentage of excess weight loss
median frame � percentage of weight lost � percentage of excess BMI
is not appropriate for adolescents because the Metropolitan Life Insurance

oth surgery types.
r both surgery types.
ed by
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The intraoperative data used in the present study consisted
of the procedure (gastric bypass or adjustable gastric band) and
the date of surgery. The primary outcomes were weight loss,
change in co-morbidity severity, and surgical complications.
Data were assessed before surgery and at 3, 6, and 12 months
after surgery. Because not all patients had their follow-up
appointments exactly at these times, the 3-month data collec-
tion point included data collected from 0 to 3 months after
surgery, the 6-month point included data collected from 3 to 9
months after surgery, and the 12-month point included data
collected 9 to 15 months after surgery.

Statistical analysis

The baseline differences in BMI Z scores [22] for all
emographic variables were evaluated using analysis of
ariance. To assess the changes over time for individual
urgery types and between surgery types in weight and
MI, separate repeated measures, linear mixed models
ere fit using the MIXED procedure in SAS, version 9.2

SAS Institute, Cary, NC). A compound symmetry vari-
nce-covariance matrix was selected for each model to
ccount for the correlation of within-patient repeated

Table 3
Mean anthropometric measures from morbidly obese adolescent boys 1 y

Variable Preoperative

Gastric bypass 125
BMI (kg/m2) 53.60 � .79
BMI percentile 99.92 � .02
BMI Z score 3.21 � .02
BMI change (%)
Weight (kg) 167.58 � 2.36
Weight percentile 99.96 � .02
Weight Z score 3.61 � .04
WL (kg)
WL (%)

Adjustable gastric banding 100
BMI (kg/m2) 49.14 � .77
BMI percentile 99.86 � .01
BMI Z score 3.07 � .03
BMI change (%)
Weight (kg) 155.66 � 2.34
Weight percentile 99.93 � .01
Weight Z score 3.41 � .04
WL (kg)
WL (%)

BMI � body mass index; BMI change � difference between baseline B
weight loss or difference between baseline weight in kilograms and wei
(calculated using the middle of the 1983 Metropolitan Life Insurance tabl
lost with excess �25 kg/m2) is the standard measure used in the adult popul
ables were designed for adults aged 25–59 years only.

Data presented as estimate � standard error.
* Model adjusted by age, and race.
† P � .05 for change across all points, for all anthropometric measures,

banding; P � .01 for changes between each point, with the exception of B
fter surgery.
‡ P � .001 for change across all points, for all anthropometric measures betwe
bservations. Age at surgery, gender, ethnicity, surgery
ype (gastric bypass or adjustable gastric band), and point
f data collection were the fixed covariates considered for
otential inclusion in each model. The patients were
onsidered to be random. In a mixed model, the particular
evels of fixed effects are of interest, and inferences are
ade for those specific levels. The random effects are

onsidered to be random samples from the population,
nd inferences are not made to a specific sample but to
he entire population. The interaction between time and
ender was also assessed. Contrasts were used to test for
ifferences between groups at each point for the mean
alues of weight and BMI and the presence of co-mor-
idities. The same mixed-model approach was also used
o test for any selection bias between the whole sample
n � 890) and a subsample (n � 226) of patients for
hom data from all 4 points were available by including

n indicator variable for complete or incomplete data
23]. The Fisher exact test was applied to assess the
ifference in co-morbidities between the 2 types of sur-
ery. Alpha was set at .05.

r bariatric surgery performed from 2004 to 2010, by surgery type*

peratively (mo)

6 12†,‡

68 23
6 � .75 40.40 � .78 35.30 � .95
0 � .03 98.61 � .37 96.85 � .89
9 � .03 2.58 � .06 2.18 � .11
0 � .05 �1.34 � .37 �3.10 � .87
2 � 2.30 126.39 � 2.39 110.14 � 3.02
9 � .06 98.68 � .38 96.76 � .99
7 � .05 2.74 � .07 2.26 � .12
0 � .97 41.42 � 1.32 57.97 � 2.31
7 � .53 24.49 � .78 33.66 � 1.35

67 38
8 � .78 43.40 � .82 41.31 � .85
4 � .03 99.39 � .10 98.37 � .82
4 � .03 2.75 � .05 2.57 � .07
2 � .02 �.50 � .10 �1.48 � .80
5 � 2.38 137.31 � 2.45 130.54 � 2.58
5 � .02 99.54 � .11 98.63 � .65
2 � .04 3.00 � .06 2.82 � .08
6 � .59 18.41 � 1.15 25.18 � 1.84
6 � .37 11.93 � .75 16.07 � 1.20

rcentile and BMI percentile at each measurement point; WL � estimated
each measurement point; although the percentage of excess weight loss
median frame � percentage of weight lost � percentage of excess BMI
is not appropriate for adolescents because the Metropolitan Life Insurance

surgery types, with the exception of BMI percentile for adjustable gastric
weight percentile for adjustable gastric banding between 6 and 12 months
ear afte

Posto

3

110
47.4
99.8

2.9
�.1

148.3
99.7

3.2
19.4
11.4
92
46.1
99.7

2.9
�.1

146.2
99.8

3.2
9.4
6.1

MI pe
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Results

Of the 890 eligible adolescents, about 75% were girls
(mean age 18.5 yr), 68% were non-Hispanic white, 14%
were Hispanic, 11% were non-Hispanic black, and 6% were
“other” (Table 1). A total of 51% of the sample underwent
gastric bypass surgery (99% laparoscopic) and 49% under-
went adjustable gastric band surgery. At baseline, the boys
were significantly heavier than the girls. Those undergoing
gastric bypass surgery were significantly heavier than those
undergoing adjustable gastric band surgery. Non-Hispanic
whites were significantly lighter than their ethnic group
counterparts (Table 1). Because of these significant baseline
differences in gender and ethnic group, all subsequent anal-
yses were adjusted for these 2 variables, in addition to age.

The patients were not eligible for follow-up analysis if they
had undergone surgery shortly before our analysis. At 3
months, 88% of eligible patients were seen in follow-up (786
of 890), at 6 months, 66% of eligible patients were seen (541
of 821), and at 12 months, 37% were seen (259 of 692).

When comparing surgery types, the overall 1-year mean
weight loss for those who had undergone gastric bypass
surgery was more than twice that of those who had under-

Table 4
Mean anthropometric measures from morbidly obese adolescent girls 1 ye

Variable Preoperative

Gastric bypass 329
BMI (kg/m2) 49.63 � .44
BMI percentile 99.25 � .03
BMI Z score 2.47 � .01
BMI change (%)
Weight (kg) 137.03 � 1.37
Weight percentile 99.57 � .04
Weight Z score 2.71 � .01
WL (kg)
WL (%)

Adjustable gastric banding 336
BMI (kg/m2) 45.04 � .34
BMI percentile 98.99 � .03
BMI Z score 2.37 � .01
BMI change (%)
Weight (kg) 122.57 � 1.03
Weight percentile 99.34 � .03
Weight Z score 2.57 � .01
WL (kg)
WL (%)

BMI � body mass index; BMI change � difference between baseline B
weight loss or difference between baseline weight in kilograms and wei
(calculated using the middle of the 1983 Metropolitan Life Insurance tabl
lost with excess �25 kg/m2) is the standard measure used in the adult popul
ables were designed for adults aged 25–59 years only.

Data presented as estimate � standard error.
* Model adjusted by age, and race.
† P � .05 for change across all points, for all anthropometric measures,

banding; P � .01 for changes between each point, with the exception of B
fter surgery.
‡ P � .001 for change across all points, for all anthropometric measures betwe
gone adjustable gastric band surgery (48.6 versus 20 kg,
P � .001; Table 2). Similar results were found for all other
nthropometric changes and comparisons at 1 year between
urgery types (P � .001; Table 2).

Specifically, the mean weight loss at 1 year for those
ho had undergone gastric bypass surgery was 48.6 kg

P � .001; Table 2). Similarly, the mean BMI signifi-
antly decreased by 17.1 kg/m2 during the same period
P � .001). The mean weight loss at 1 year for those who
nderwent adjustable gastric band surgery was 19.8 kg
P � .001; Table 2). Similarly, the mean BMI had sig-

nificantly decreased by 6.9 kg/m2 during the same period
(P � .001). The weight decreased the most between 3 and 6
months after surgery for those who had undergone gastric
bypass surgery (21 kg) and in the first 3 months among those
who had undergone adjustable band surgery (6.67 kg). De-
creases in weight and BMI Z scores showed similar patterns
(Table 2). For those undergoing gastric bypass surgery, the overall
mean BMI percentile decreased from the 99.4th percentile (obese)
to the 91.5th percentile (overweight) 1 year after surgery. Gastric
bypass surgery resulted in a BMI percentile decrease approxi-
mately 4 times that of adjustable gastric band surgery.

r bariatric surgery performed from 2004 to 2010, by surgery type*

operatively (mo)

6 12†,‡

190 85
68 � .43 37.11 � .44 32.93 � .47
81 � .05 95.59 � .37 89.96 � 1.12
32 � .01 1.90 � .03 1.53 � .05
43 � .05 �3.64 � .35 �9.18 � 1.07
47 � 1.32 102.65 � 1.31 90.96 � 1.38
20 � .06 95.84 � .47 90.52 � 1.30
54 � .02 2.07 � .04 1.70 � .06
53 � .43 32.22 � .73 45.66 � 1.10
94 � .33 25.67 � .54 33.65 � .67

216 113
51 � .32 40.30 � .35 38.42 � .47
65 � .05 97.81 � .26 96.88 � .35
27 � .01 2.14 � .02 2.01 � .03
32 � .02 �1.19 (.25) �2.10 � .33
71 � .98 109.83 � 1.01 104.57 � 1.31
06 � .05 98.55 � .12 97.43 � .41
47 � .02 2.35 � .02 2.22 � .04
83 � .23 12.76 � .50 18.08 � 1.04
56 � .18 10.36 � .39 14.52 � .79

rcentile and BMI percentile at each measurement point; WL � estimated
each measurement point; although the percentage of excess weight loss
median frame � percentage of weight lost � percentage of excess BMI
is not appropriate for adolescents because the Metropolitan Life Insurance

surgery types, with the exception of BMI percentile for adjustable gastric
weight percentile for adjustable gastric banding between 6 and 12 months
ar afte
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All anthropometric measurements significantly decreased
during the study period for both boys and girls (Tables 3 and
4). Adolescent boys undergoing gastric bypass surgery lost
an average of approximately 58 kg, and adolescent girls
undergoing gastric bypass surgery lost an average of 45.7
kg. Adolescent boys undergoing adjustable gastric band
surgery lost an average of 25.2 kg, and adolescent girls lost
an average of 18.1 kg. Gastric bypass surgery resulted in a
BMI percentile decrease approximately twice that of adjust-
able gastric band surgery among boys and �4 times that of
adjustable gastric band surgery in girls.

The most prevalent preoperative co-morbidities for both
gastric bypass and adjustable gastric band groups were back
pain (36% and 26%, respectively) and gastroesophageal
reflux disease (28% and 25%, respectively). Among the
gastric bypass patients, these 2 most prevalent co-morbidi-
ties were followed by hypertension and obstructive sleep
apnea (both 26%) and depression (25%). Among the adjust-
able gastric band patients, they were followed by depression
(21%), musculoskeletal disorder (21%), and asthma (19%;
Table 5). Before surgery, the gastric bypass patients were

Table 5
Percentage of change in co-morbidities among morbidly obese adolescent

Morbidity Before surgery (n)

GB AGB

Cardiovascular disease
Swelling in the legs 53 (11.67) 37 (8.49)
Hypertension 118 (25.99)* 80 (18.35)*

Gastrointestinal system
GERD 127 (27.97) 109 (25.00)
Liver disease 25 (5.51)* 11 (2.52)*

General
Abdominal skin irritation 17 (3.74) 22 (5.05)
SUI 31 (6.83)* 12 (2.75)*

Metabolic-related
Diabetes 67 (14.76) 65 (14.91)
Hyperlipidemia 65 (14.32) 61 (13.99)
Musculoskeletal system

Back pain 162 (35.68)* 113 (25.92)*
Musculoskeletal disorder 127 (27.97)* 90 (20.64)*

Psychosocial/behavioral
Alcohol use 43 (9.47) 37 (8.49)
Depression 115 (25.33) 93 (21.33)
Psychosocial impairment 52 (11.45)* 32 (7.34)*
Tobacco use 25 (5.51) 20 (4.59)

Pulmonary system
Asthma 94 (20.70) 84 (19.27)
OSA 117 (25.77)* 80 (18.35)*
Pulmonary hypertension 17 (3.74) 8 (1.83)

Reproductive system
Menstrual irregularity 85 (18.72)* 50 (11.47)*

Polycystic ovarian syndrome 41 (9.03) 45 (10.32)

GB � gastric bypass; AGB � adjustable gastric banding; GERD � gastr
leep apnea.

Data in parentheses are percentages.

* P � .05.
significantly more likely to have hypertension, liver disease,
stress urinary incontinence, back pain, musculoskeletal dis-
orders, psychosocial impairment, obstructive sleep apnea,
and menstrual irregularities compared with adjustable gas-
tric band patients (P � .05). At 1 year after surgery, the
astric bypass patients were significantly more likely to
ave improved lipid levels compared with the adjustable
astric band patients (P � .05). In general, gastric bypass

patients reported more improvement than the adjustable
gastric band patients in co-morbidities 1 year after surgery.

Because of the low baseline prevalence rates, the follow-
ing co-morbidities were not included (and not analyzed
further at follow-up): abdominal hernia (n � 11), angina
(n � 12), congestive heart failure (n � 2), ischemic heart
disease (n � 8), peripheral vascular disease (n � 2), gout
(n � 7), decreased ambulatory functional status (n � 2),

bromyalgia (n � 4), pseudotumor cerebri (n � 23), sub-
stance abuse (n � 3), and obesity hypoventilation syndrome
n � 11).

The 120 total medical complications within 1 year after
urgery included 1 death from cardiac failure 5 months after

treatment with bariatric surgery, by surgery type, 2004–2010

2 mo after surgery (%)

nchanged Improved Worsened

B AGB GB AGB GB AGB

6.2 50.0 46.2 44.4 7.7 5.6
2.1 42.9 60.7 54.3 7.1 2.9

2.4 47.6 61.8 45.2 5.9 7.1
3.3 50.0 55.6 33.3 11.1 16.7

7.5 80.0 37.5 20.0 25.0 .0
2.2 50.0 66.7 50.0 11.1 .0

4.3 40.9 78.6 59.1 7.1 .0
9.4* 76.7* 58.8* 23.3* 11.8 .0

8.8 45.0 51.2 50.0 .0 5.0
9.2 55.9 70.8 44.1 .0 .0

8.3 77.8 25.0 11.1 16.7 11.1
0.9 47.2 34.8 41.7 4.3 11.1
6.7 81.8 25.0 .0 8.3 18.2
0.0 100.0 37.5 .0 12.5 .0

0.0 71.0 40.0 22.6 .0 6.5
3.3 46.2 56.7 46.2 .0 7.7
6.7 60.0 66.7 40.0 16.7 .0

3.6 62.5 32.1 37.5 14.3 .0
8.3 68.8 33.3 31.3 8.3 .0

geal reflux disease; SUI � stress urinary incontinence; OSA � obstructive
s after

1

U

G

4
3

3
3

3
2

1
2

4
2

5
6
6
5

6
4
1

5
5

oesopha



w
a
g
o

a
t
o
D
b
y
a
o
p
f
o
f

e

l
r

510 S. E. Messiah et al. / Surgery for Obesity and Related Diseases 9 (2013) 503–513
gastric bypass surgery. The most common complication for
both surgery types was gastrointestinal (n � 29 for gastric
bypass patients, n � 9 for adjustable gastric band patients)
followed by nutritional deficiencies among those undergo-
ing gastric bypass (n � 24) and device-related issues among
those undergoing adjustable gastric banding (n � 5; Table
6). A total of 45 readmissions occurred among gastric by-

Table 6
Complications within 1 year after surgery, by surgery type among 890
morbidly obese adolescents undergoing bariatric surgery from 2002
to 2010

Variable GB
(n � 454)

AGB
(n � 436)

Complication
Gastrointestinal system* 29 (29.6) 9 (41)
Nutritional deficiency† 24 (24.5) 2 (9.1)
Surgical (bleeding/hemorrhage,

intra-abdominal)
3 (3.1) 1 (4.5)

General (obstruction, abscess,
internal hernia)

16 (16.3) 2 (9.1)

Band (port revision, removal,
replacement)‡

0 (0.0) 3 (13.6)

Pulmonary system (pneumonia,
pulmonary embolism)

7 (7.1) 0 (0.0)

Device-related 8 (8.2) 5 (22.7)
Skin or soft tissue 3 (3.1) 0 (0.0)
Death (from cardiac failure 6

mo after surgery)
1 (1) 0 (0.0)

Endocrine/metabolic system 3 (3.1) 0 (0.0)
Infection (at surgical site) 1 (1) 0 (0.0)
Renal or genitourinary system 1 (1) 0 (0.0)
Arrhythmia 2 (2) 0 (0.0)
Total§ 98 (21.6) 22 (5)

Readmissions required 45 (9.9) 10 (2.3)
Reoperation required 29 (6.4) 8 (1.8)
Reason for reoperation

Cholecystectomy 6 (20.8) 2 (25)
Other� 7 (24.1) 0 (0.0)
EGD with dilation 6 (20.8) 0 (0.0)
Hernia repair, internal 5 (17.2) 0 (0.0)
Band replacement 0 (0.0) 2 (25)
Band, port revision 0 (0.0) 2 (25)
Band, removal 0 (0.0) 2 (25)
Small bowel obstruction, repair 2 (6.9) 0 (0.0)
Gastric tube, placement 1 (3.4) 0 (0.0)
Hernia repair, umbilical 1 (3.4) 0 (0.0)
Wound, debridement 1 (3.4) 0 (0.0)
Total 29 (6.4) 8 (1.8)

GB � gastric bypass; AGB � adjustable gastric banding; EGD �
sophagogastroduodenoscopy; LOA � lysis of adhesions.

Data presented as numbers, with percentages in parentheses.
* Nausea or vomiting, intestinal bleeding, diarrhea, gallstones.
† Vitamins A, B12, D, folate, iron, magnesium, zinc, electrolytes.
‡ Slippage (n � 10,7.1%), stricture (n � 6, 4.3%; categories not mutu-

ally exclusive).
§ Adverse event rate significantly different between gastric bypass and

adjustable gastric band groups (20.33% versus 5.10%, respectively).
� Abdominal pain, internal hernia, repair of lapband tubing, diagnostic

aparoscopy, LOA, parenteral hernia repair, gastroparesis internal hernia,

epair of lapband tubing.
pass patients and 10 among adjustable gastric band patients,
with 29 and 8 reoperations required, respectively.

Analysis using the mixed-model approach to test for any
selection bias between the whole sample (n � 890) and a
subsample (n � 226) of patients for whom data from all 4
points were available, including an indicator variable for
complete or incomplete data [23], showed that the 2 samples
did not differ in BMI or weight outcomes or between the
proportion of boys and girls (Figs. 1 and 2).

Discussion

In a large and diverse sample of multiethnic, morbidly
obese adolescents, we found substantial decreases in weight
and co-morbidities 1 year after bariatric surgery. Surgery re-
sulted in an average weight loss of �30 kg per person, a loss
far exceeding those reported in nonsurgical weight-manage-
ment programs [24–26]. The overall 1-year mean weight loss
for those who underwent gastric bypass surgery was more than
twice that of those who underwent adjustable gastric band
surgery (48.6 versus 20 kg). Similar results were found for all
other anthropometric changes and comparisons at 1 year be-
tween surgery types. Surgery also reduced the weight and BMI
among both males and females. Additionally, several physical
and mental health co-morbidities resolved or had improved
substantially 1 year after surgery, suggesting an improvement
in quality of life. This substantial improvement in co-morbid-
ities 1 year after bariatric surgery has not been documented for
other treatment options nor with this number of adolescent
patients [27,28]. Approximately 10% of gastric bypass patients
and 2% of adjustable gastric band patients required readmis-
sion for a variety of causes. Of these readmissions, 6% of those
who underwent gastric bypass and �2% of those who under-

ent adjustable gastric banding required reoperation (also for
variety of reasons). Our findings indicate that bariatric sur-

ery can be a safe and effective treatment option for morbid
besity and its ensuing co-morbidities in adolescents [29].

Although the childhood obesity epidemic continues un-
bated in most developed countries, nonsurgical approaches
o the long-term (�1 yr) management and decrease of
verweight in childhood have had limited success [23].
espite standardized criteria for qualifying adolescents for
ariatric surgery [29], obese children are not simply
ounger versions of obese adults; they are still developing
nd growing, both physically and psychologically. Extreme
besity should be treated sooner rather than later [30], in
articular, in adolescents who may have not yet developed
ull-blown, obesity-related co-morbidities, such as diabetes
r heart disease. However, the optimal point in adolescence
or bariatric surgery is as yet unknown [31]. Our findings

support those of others [32,33] reporting that bariatric sur-
gery before adulthood can result in substantial weight loss
and resolution of co-morbidities [34] and thus improve
overall quality of life. Moreover, earlier treatment of obesity

could prevent later costs. For example, children and adoles-
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cents with a primary or secondary diagnosis of overweight,
obesity, or morbid obesity require longer hospital stays than
do children without these diagnoses [35].

Even as the emerging data on bariatric surgery, including
those from randomized controlled trials [32], continue to
show important long-term weight loss and improvement in
most obesity-related co-morbidities, many pediatric special-
ists are hesitant to refer patients for surgery. A survey of
pediatricians in the United States showed that although they
believed pediatric obesity to be a major problem, fewer than
one half would be somewhat or very likely to refer an
adolescent for surgery [30]. The medical community must
strive to provide additional data on the long-term results
after bariatric surgery, in both adults and adolescents.

Our study had some limitations. The data entered into
BOLD by BSCOE participants are reported by participating
surgeons and surgical practices on all postdischarge com-
plications, even if another healthcare provider manages
these complications. Thus, complications are potentially
underrepresented in the database. Variations in practice
management among BSCOE participants might delay data
entry, potentially resulting in incomplete follow-up data.

Another limitation was the lack of sensitivity of the Assess-
ment of Obesity Related Co-Morbidities Severity Scoring Sys-
tem, which most likely reduced the accuracy of assessing the

*The difference between the two groups w
weight. 
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Fig. 1. Change in mean BMI and weight for entire sample (n � 890) and
bariatric surgery performed from 2004 to 2010.
severity of co-morbidities in our analysis. Specifically, the
current scoring system indicates improvement in some co-
morbidities only when there is a major change in the treatment
type. For example, patients with diabetes might decrease the
number of oral medications they take from 2 to 1, with a
marked improvement in hemoglobin A1c, without improving
their stratification score. Additionally, preoperative informa-
tion on nutritional deficiencies is not available to determine
whether surgery was the cause of the deficiency or whether
deficiencies existed before surgery.

Additionally, our findings and conclusions are limited by
missing follow-up data, a common problem reported in the
bariatric data. Because of potential selection bias caused by
losses to follow-up, we tested the differences between the
entire sample and the subsample with follow-up data at all
points and found no differences. This finding supports the
external validity of our overall conclusions. Also, unless the
surgeon obtained follow-up data from the patient’s pedia-
trician and included these data in medical charts at the
surgeon’s practice, the SRC does not independently verify
additional follow-up occurring outside the office. Moreover,
older adolescents, in particular, are difficult to monitor be-
cause they might leave the geographic area for education or
employment. More age-relevant tracking procedures, such
as those using social media or handheld or cellular tele-
phone devices, might be able to decrease the losses to

statistically significant for either BMI or
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ric Committee has formed a subcommittee to explore the
development of a Pediatric/Adolescent Center of Excellence
program that will include a pediatrician component and a
more flexible mechanism for collecting long-term data on
adolescent patients. Nevertheless, the present initial obser-
vational study of adolescents treated at BSCOEs has pro-
vided a valuable snapshot of the adolescent bariatric surgery
outcomes in a diverse population.

Additionally, it should be noted that of the 10% of charts
that were audited at each BSCOE site every 3 years, it is
possible that adolescents were not represented, because not
all sites perform surgery on adolescent patients. Patients
identified from the hospital surgery list who were outside
the National Institutes of Health criteria or who were high
risk were given greater consideration for inclusion in the
10% of charts identified for review, but it is possible that not
all adolescent charts were audited.

Finally, BOLD does not include dietary, exercise, and/or
lifestyle behavior modification, which were or were not
implemented as a part of the patient’s treatment during the
pre- or postoperative period; thus, it was not possible to
analyze how these factors contributed to the outcomes.

Conclusions

The weight loss at 3, 6, and 12 months after surgery

*All pairwise group differences were 
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Fig. 2. Change in mean BMI and weight for entire sample (n � 890) and
fter bariatric surgery performed from 2004 to 2010 by gender.
was approximately double in adolescent boys and girls
who underwent gastric bypass surgery than in those who
underwent adjustable gastric band surgery. Our results
support the conclusion that bariatric surgery can safely
and substantially reduce the weight and related co-mor-
bidities in morbidly obese, multiethnic adolescents for
�1 year. The BOLD database and those like it are im-
portant in studying the long-term effects of bariatric
surgery in this population. Multi-institutional, prospec-
tive data and studies are necessary to determine the
outcomes of surgical responses to the obesity epidemic.
With this longitudinal data, the questions of which pa-
tient groups, which surgical procedures, and when sur-
gery should be performed can be answered.
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