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Abstract
Objective—Surgical treatment of extreme obesity may be appropriate for some adolescents. We
hypothesized that surgical weight loss outcomes may differ by preoperative level of extreme obesity
(body mass index [BMI] ≥99th percentile).

Study design—A longitudinal assessment of clinical characteristics from 61 adolescents who
underwent laparoscopic Roux-en-Y gastric bypass at a single pediatric center from 2002 until 2007
was performed. Patients were categorized into 1 of 3 preoperative BMI groups: group 1, BMI = 40.0
to 54.9 (n = 23); group 2, BMI = 55.0 to 64.9 (n = 21); group 3, BMI = 65.0 to 95.0 (n = 17). Changes
in BMI and cardiovascular risk factors between baseline and year 1 were evaluated using repeated-
measures mixed linear modeling.

Results—BMI in the overall cohort at baseline (60.2 ± 11 kg/m2) decreased by 37.4% at 1 year
after surgery (P < .001). Percent BMI change varied little by preoperative BMI groups (−37.2%,
−36.8%, and −37.7% for groups 1, 2, and 3 respectively; P = .8762). The rate of change in absolute
BMI units significantly varied by preoperative BMI class (group × time interaction, P < .0001), with
1-year nadir BMI values for groups 1, 2, and 3 falling to 31 ± 4 kg/m2, 38 ± 5 kg/m2, and 47 ± 9 kg/
m2, respectively. One year after surgery, only 17% of patients achieved a nonobese BMI (<30 kg/
m2). Significant improvements in systolic and diastolic blood pressure (P < .0001), fasting insulin
(P < .0001), total cholesterol (P = .0007), and triglyceride levels (P < .0001) were seen after surgery
irrespective of baseline BMI class. Mean albumin levels remained normal despite significant caloric
restriction and weight loss.

Conclusions—Laparoscopic gastric bypass resulted in improvement or reversal of cardiovascular
risk factors and resulted in a decrease in BMI of approximately 37% in all patients, regardless of
starting BMI, 1 year after surgery. The timing of surgery for adolescent extreme obesity is an
important consideration, because “late” referral for bariatric surgery at the highest of BMI values
may preclude reversal of obesity.

Pediatric obesity is recognized as one of the most significant public health issues in the United
States.1,2 From 1999 to 2004, the proportion of overweight (body mass index [BMI] for age
≥95th percentile) adolescents (ages 12 to 19) in the United States increased from 14.8% to
17.4%.1 Morbid obesity in adolescents can lead to morbid conditions such as type 2 diabetes,
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cardiopulmonary disease, and the metabolic syndrome. In addition, numerous orthopedic,
neurological, and gastroenterological conditions threaten the health of adolescents affected by
excess weight.3–8 Increasingly, weight loss surgery is being performed in extremely obese
adolescents to effectively treat these comorbidities.9 Early results from a retrospective study
of outcomes in adolescents undergoing bariatric surgery suggest that health and weight loss
outcomes will be similar if not better than results seen in adults.10

The BMI spectrum for adolescents seeking surgery is broad, with values in the literature
ranging from 35 to 95 kg/m2, with average BMI values much higher than those seen in most
adult surgical practices. However, to date, no analysis has been done that examines adolescent
surgical outcomes stratified by baseline BMI. Even though many experts consider that the most
important end points after bariatric surgery are the improvements in comorbidities and risk
factors for future cardiovascular disease, it is also appropriate to place some emphasis on degree
of weight loss as well, given the extremes of BMI encountered. Patients who plateau after
surgery at a BMI of 40 or 50 kg/m2 probably remain at elevated risk of obesity-related health
problems compared with patients who reach a postoperative plateau BMI that is no longer
obese (BMI <30 kg/m2).

To begin to address predictors of success after surgical treatment of adolescent obesity, we
assessed both cardiovascular risk factors and weight nadir in a cohort of adolescent patients 1
year after gastric bypass surgery, stratified by preoperative degree of extreme obesity. The
central hypothesis tested in this analysis was that baseline BMI predicts weight loss after Roux-
en-Y gastric bypass (RYGB). We further hypothesized that cardiovascular risk factors improve
in all patients despite differences in preoperative weight.

Methods
The Follow-up of Adolescent Bariatric Surgery (FABS) study is a single-center, longitudinal
outcome study of adolescents and young adults (age ≤21 years) seeking obesity treatment at
Cincinnati Children’s Hospital Medical Center (CCHMC). Patients enrolled in FABS who
underwent laparoscopic RYGB surgery between August 2002 and January 2007 at CCHMC
were included in this analysis. The operation was performed in a similar fashion in all patients
with a side-to-side jejunojejunostomy and an end-to-side gastro-jejunostomy. The gastric
pouch was limited to 30 mL in volume and the jejunum was divided 15 to 20 cm from the
Ligament of Treitz. In addition to baseline demographic data (date of birth, sex, race),
anthropometric and other clinical measures were evaluated at 6 months and then annually with
data abstracted from clinical records for those subjects enrolled in the FABS study. This
research was approved by the CCHMC Institutional Review Board.

Anthropometric measurements were performed during routine clinical visits by clinic staff.
Measures recorded at baseline (initial preoperative contact) and postoperative visits (6 [range
±3 months] and 12 [range, 9 to 18 months]) were included in the analysis. Adolescents were
weighed and measured in light clothing and without shoes. Body weight was recorded using
a digital scale (Model 5002 Stand-On Scale; Scale Tronix, Inc., White Plains, New York), and
height was measured using a calibrated wall-mounted stadiometer (Ayrton Stadiometer Model
S100; Ayrton Corporation, Prior Lake, Minnesota). BMI was calculated as body weight in
kilograms divided by height in meters squared. To evaluate the impact of preoperative BMI
on bariatric surgical outcomes, patients were categorized into 3 groups, based on arbitrary
cutoffs of baseline BMI (group 1, BMI = 40.0 to 54.9 kg/m2; group 2, BMI = 55.0 to 64.9 kg/
m2; group 3, BMI = 65.0 to 95.0 kg/m2). Systolic and diastolic blood pressures were measured
by trained clinic personnel using an appropriately sized cuff with the patient in a seated position.
Fasting serum lipids (total cholesterol, HDL, LDL, triglycerides), insulin, and albumin were
measured at a CLIA-certified clinical laboratory at baseline and each follow-up visit.
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Statistical Analyses
Comparisons of categorical variables by preoperative BMI group were performed using χ2 or
Fisher exact tests. Similar comparisons for continuous variables were conducted using equal
and unequal variance analysis of variance. Pearson correlation and simple linear regression
analyses were performed to relate baseline BMI values with those gathered 1 year after surgery.
To longitudinally assess the impact of preoperative BMI on postoperative BMI (absolute BMI
units and percent BMI change from baseline), blood pressure, fasting serum lipids (total
cholesterol, HDL, LDL, triglycerides), insulin, and albumin, separate repeated-measures
mixed linear models were fit using the MIXED procedure in SAS v9.1 (SAS System. Version
9.1, Cary, North Carolina). To account for the correlation of within-patient repeated
observations, a variance-covariance matrix was selected for each model, based on the Akaike
Information Criterion. The following covariates were considered for potential inclusion into
each model: age at surgery, sex, race, time between baseline consultation and surgery, and
Roux length. The interaction between preoperative BMI category and time was also assessed.
The Tukey-Kramer adjustment method for multiple comparisons was used for all pairwise
least-squares means comparisons. A P value of <.05 was considered statistically significant
for all analyses.

Results
Over a 5-year period (2002 to 2007), 61 consecutive adolescents underwent laparoscopic
RYGB surgery. The mean BMI at baseline for these patients was 60.2 kg/m2, ranging from
41.4 to 95.5 kg/m2. Nearly 70% of this cohort was female, with 83.6% self-identified as white
race (Table I). The mean age at surgery was 17.2 years (range, 13 to 23 years). The average
time from initial baseline consultation to surgery was 5.0 months. The mean Roux length was
119.2 cm. Preoperative BMI groups were similar in terms of age at surgery (P = .4294), sex
(P = .1014), race (P = .1158), time between baseline and surgery (P = .3581), and Roux length
(P = .2753).

The average length of stay was 3.6 (±1.7) days, with no deaths, no transfusions, and no
conversions to open operations. There were 18 complications that occurred in 16 of 61 subjects
within 30 days of surgery. The nature of the complications was as follows: dehydration
requiring readmission, peristomal ulcer, bowel obstruction, intestinal leakage, wound
infection, and anastomotic stricture.

Baseline BMI was found to be highly positively correlated with BMI at 1 year (r = .8215),
accounting for 67% of the variance in BMI 1 year after surgery (adjusted r2 = .6692; Figure
1). Table II (available at www.jpeds.com) shows baseline and 1-year outcome measures by
preoperative BMI classification. One year after surgery, body weight declined by 37.4%, but
height did not significantly change (P = .4787; data not shown). In the overall cohort, the mean
BMI declined by 37.4% 1 year after surgery (P < .0001). The percent BMI loss did not differ
by preoperative BMI class (P = .8762). Further, the rate of change in percent BMI lost over
time was also found to be similar for each group (group × time interaction, P = .2330; Figure
2). However, the slope of decline in BMI units through 1 year after surgery differed by
preoperative BMI class (group × time interaction, P < .0001), with the initial group differences
in BMI diminishing over time (Figure 3). At each time point, group 3 (BMI >65 kg/m2)
maintained a significantly higher BMI than groups 1 (BMI, 40 to 54.9 kg/m2) and 2 (BMI, 55
to 65 kg/m2), as did group 2 compared with group 1. One year after RYGB, 10 subjects (17.0%)
were able to achieve a nonobese BMI (<30 kg/m2), the majority of whom (n = 8) came from
group 1.

Systolic blood pressure (SBP) and diastolic blood pressure (DBP) each significantly decreased
1 year after surgery by 8.8% and 13.5%, respectively (each P < .0001). However, these
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measures did not differ by preoperative BMI group (SBP, P = .2633; DBP, P = .9759), nor did
the rate of decrease over time differ for either by BMI group (group × time interaction: SBP,
P = .4171; DBP, P = .2036). Total cholesterol level decreased by 16.8% after 1 year (P = .
0007), although no significant changes occurred after 6 months (P = .2671). Overall,
cholesterol was similar for all preoperative BMI groups (P = .2415), with the rate of decline
through 1 year similar as well (group × time interaction, P = .6940).

HDL cholesterol exhibited a nonsignificant 4.0% increase 1 year after RYGB (P = .9559).
Similarly, this overall measure (P = .7039) and the rate of change over time (group × time
interaction, P = .6746) did not differ by preoperative BMI group. In contrast, LDL cholesterol
significantly decreased by 17.7% from baseline (P = .0098). Corresponding with total
cholesterol, no significant change in LDL was observed after 6 months (P = .5674). Overall,
there was no difference in LDL by preoperative BMI group (P = .8168), but the rate of decrease
1 year after surgery differed across these groups (group × time interaction, P = .0588).
Specifically, LDL levels for BMI groups 2 and 3 remained uniform over each time point, and
group 1 had a significant decrease at 6 months (P = .0019), with no significant change noted
thereafter (P = .9945).

Overall, serum triglyceride levels fell markedly (−37.3%) 1 year after RYGB (P < .0001),
although no significant change was detected after 6 months (P = .0982). No differences were
noted by preoperative BMI group for overall triglyceride level (P = .3930) or by the rate of
decline through 1 year (group × time interaction, P = .9247). Insulin level decreased
dramatically (−75.8%) 6 months after RYGB (P < .0001), with no significant change observed
thereafter (P = .7811). Each pre-operative BMI group had a similar pattern of decline in insulin
over time (group × time interaction, P = .7733) while also maintaining comparable insulin
levels overall (P = .7458). Despite the significant weight loss, no preoperative or postoperative
differences in albumin were identified.

In general, the use of medications for cardiovascular risk factors was low in this population.
Most of the medications were discontinued after operation, but the limited size of the population
using medication limits the usefulness of the change data. For instance, 30% of the subjects in
this analysis had dyslipidemia at baseline, but only 2 were receiving pharmacotherapy at
baseline. In both of these 2, the medications for dyslipidemia were discontinued in the year
after operation. Similarly, 9 subjects in this series were diabetic at baseline, and all were
receiving medications at baseline. However, only 1 was still taking medication for diabetes
after surgery. Finally, 20% in this series presented with hypertension at baseline, but only one
subject was treated with medication, and this treatment was discontinued soon after surgery.

Discussion
Extreme obesity is now recognized as major pediatric health problem. Recent estimates
indicate that 4% of children ages 5 to 17 years in the United States are extremely obese.11

Nearly two thirds of such children have 2 or more cardiovascular risk factors, and a substantial
proportion have significant metabolic comorbidities typically seen in adults, including
obstructive sleep apnea, diabetes mellitus, nonalcoholic steatohepatitis, and significant
hypertension and left ventricular hypertrophy.12–15 Freedman et al11 found that without
intervention, most extremely obese children will remain extremely obese as adults—88% had
an adult BMI of ≥35 kg/m2 and 65% had an adult BMI ≥40 kg/m2. At present, diet and lifestyle
interventions for pediatric patients with extreme obesity have not been successful in achieving
and maintaining meaningful improvements in weight and associated risk factors.16–18 Bariatric
surgery has been the only treatment shown to achieve meaningful and sustained weight loss in
extremely obese adolescents.19
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One of the most commonly used bariatric procedures in the United States today is laparoscopic
RYGB.20 Recent data have demonstrated significant improvements in type 2 diabetes and
insulin resistance,21 dyslipidemia,17,21 sleep efficiency,22 obstructive sleep apnea,12

hypertension and cardiac hypertrophy,23 proteinuria,24 depressive symptoms,25 quality of life,
25 and body composition26 in extremely obese adolescents after weight loss surgery. However,
the range of BMI in adolescents undergoing bariatric surgery is large, typically 35 to >90 kg/
m2, and results are conventionally presented as average improvements for the entire cohort. In
this investigation, we found that most adolescents within the highest ranges of baseline BMI
(BMI ≥65 kg/m2) remained extremely obese, with BMIs ≥40 kg/m2 1 year after surgery, despite
BMI reductions averaging nearly 40%.

Definitions of successful weight loss outcomes after adolescent bariatric surgery have been
difficult to characterize, as have predictors of success. Successful outcomes probably will be
measured by examining a broad range of medical and psychosocial outcomes, as well as BMI
change. In that regard, our results demonstrate that irrespective of initial BMI, the percent
decline in BMI at 1 year is unexpectedly predictable (range, 36.8% to 37.7%). Therefore,
patients who present at higher weights and BMI values lose more weight than those who present
at lower weights but also plateau at a higher weight on average. The biological and potentially
behavioral reasons for this are unclear. Because the operation performed was similar, it would
seem that most of the variability in weight loss during the first year after gastric bypass is
related to starting BMI. Whether starting BMI will differentially affect long-term weight
maintenance or regain remains unknown. Of concern, long-term data (5 years) in adults after
gastric bypass suggest that the higher extremes of baseline BMI (>50 kg/m2) were not only
associated with lower nadir BMI but also with greater prevalence of weight regain.27

Our 1-year results parallel those reported in adults. In adults, higher preoperative BMI and
body weight positively correlate with higher absolute maximum weight loss after gastric
bypass.28,29 Adults with preoperative BMI values ≥60 kg lost less excess weight when
compared with those with BMI values <60 kg (51% versus 64% excess weight loss, P < .001),
but both groups lost an equivalent percent of original weight (36% versus 37%).30 In several
multivariate analyses examining predictors of outcome, baseline weight was one of the
strongest predictors of weight loss at 1 year.29,31,32

Despite the fact that most patients in our adolescent cohort remained obese at 1 year after
surgery, those with the highest preoperative BMI demonstrated decreases in SBP and DBP and
hyperinsulinemia that were similar to patients with lower baseline BMI values. Likewise, all
3 groups also demonstrated comparable and significant decreases in serum levels of total
cholesterol and triglycerides after surgery. Metabolic improvements after gastric bypass occur
independent of degree of weight loss or absolute BMI at 1 year after surgery. Even those who
remain extremely obese at 1 year had significant psychosocial improvement.25 However, the
effect of persistent though significantly ameliorated obesity and excess weight on arthropathy
or quality of life in those who remain obese after bariatric surgery is a concern and deserves
greater study.

Strengths of this investigation primarily relate to the data source used. Sixty-one consecutive
patients undergoing laparoscopic RYGB were included in the analysis, thus minimizing the
potential impact of selection bias in these results. Additionally, data for the primary measure
of interest, BMI, were available for 59 of the 61 (97%) patients through 1 year after surgery.
Therefore, bias from missing BMI values is likely to be negligible. However, this study was
subject to several limitations. First, this investigation used data retrospectively collected from
clinical records from a surgical weight management program; each outcome measure had some
level of missing values, ranging from 3.3% to 41.0% missing at 1 year after surgery. However
97% of BMI values were available 1 year after surgery. Additionally, beyond preoperative
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BMI, there may be other important indicators of weight loss efficacy, such as adherence to
postoperative guidelines for postoperative physical activity, caloric intake, and dietary
composition. These variables were not systematically collected but must be included in future
studies.

Finally, in the adult bariatric outcomes literature, medication use is commonly analyzed in
conjunction with change in cardiovascular risk factors. However, in general, the use of
medications for cardiovascular risk factors was low in this adolescent population limiting the
usefulness of the change data.

In summary, we have demonstrated that preoperative BMI serves as an accurate indicator of
nadir BMI at 1 year after surgery. This finding suggests that the timing of surgery for adolescent
obesity is an important consideration, as “late” referral for bariatric surgery at higher BMI
values may preclude reversal of obesity or extreme obesity within the first postoperative year
and may increase the risk of weight regain over the long term.

A greater understanding of the specific surgical procedures and postoperative management
approaches that optimize success is needed. The definition of success will take into account
not only weight loss efficacy but also change in comorbidity, quality of life, psychosocial status,
and minimization of surgical, medical, and nutritional complications. We are currently
collecting a broad array of outcome data in the prospective multicenter Teen-Longitudinal
Assessment of Bariatric Surgery (Teen-LABS) study.33 We hope that this study will help define
the merits and limitations of surgical interventions directed at weight loss in morbidly obese
adolescents as compared with adults.
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Glossary

BMI Body mass index

CCHMC Cincinnati Children’s Hospital Medical Center

DBP Diastolic blood pressure

FABS Follow-up of Adolescent Bariatric Surgery

RYGB Roux-en-Y gastric bypass

SBP Systolic blood pressure
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Figure 1.
Plot of baseline and one year post-operative BMI values.
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Figure 2.
Percent Change in BMI from Baseline by Pre-operative BMI Classification and Follow-up
Visit.
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Figure 3.
BMI by Pre-operative BMI Classification and Follow-up Visit.
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Table II

Baseline and 1-year outcome measures by preoperative body mass index classification

x̄±SD(N) Overall (n = 61) Group 1 BMI 40–54 (n = 23) Group 2 BMI 55–64 (n = 21) Group 3 BMI ≥65 (n = 17)

BMI

 Baseline 60.2 ± 11.76 (61) 49.7 ± 3.63 (23) 59.3 ± 2.78 (21) 75.3 ± 9.55 (17)

 1 y 37.7 ± 8.58 (59) 31.2 ± 3.83 (22) 37.5 ± 4.85 (21) 46.9 ± 8.99 (16)

 % Change −37.4%† −37.2%† −36.8%† −37.7%†

SBP

 Baseline 121.0 ± 13.20 (57) 120.4 ± 10.42 (20) 120.4 ± 13.31 (21) 122.6 ± 16.52 (16)

 1 y 110.3 ± 9.88 (58) 110.4 ± 8.69 (22) 107.6 ± 8.69 (20) 113.4 ± 12.20 (16)

 % change −8.8%† −8.3%‡ −10.6%† −7.5%‡

DBP

 Baseline 75.6 ± 9.05 (57) 76.8 ± 9.46 (20) 76.4 ± 8.64 (21) 73.2 ± 9.14 (16)

 1 y 65.4 ± 7.46 (58) 64.9 ± 7.62 (22) 64.0 ± 7.14 (20) 67.9 ± 7.50 (16)

 % Change −13.5%† −15.5%† −16.2%† −7.2%‡

Cholesterol

 Baseline 178.1 ± 44.80 (45) 178.2 ± 60.74 (17) 182.0 ± 26.72 (15) 173.5 ± 39.58 (13)

 1 y 148.2 ± 39.81 (37) 135.9 ± 37.29 (14) 164.3 ± 45.70 (13) 144.5 ± 30.34 (10)

 % Change −16.8%† −23.7%* −9.7%‡ −16.7%‡

HDL

 Baseline 42.8 ± 23.77 (52) 45.0 ± 23.39 (20) 37.5 ± 9.43 (17) 33.1 ± 3.37 (15)

 1 y 44.5 ± 10.09 (47) 47.1 ± 12.04 (16) 45.8 ± 8.89 (19) 38.9 ± 7.23 (12)

 % Change +4.0%‡ +4.7% +22.1%‡ +17.5%‡

LDL

 Baseline 113.0 ± 42.27 (51) 127.3 ± 57.77 (19) 110.0 ± 21.27 (17) 99.5 ± 33.01 (15)

 1 y 93.3 ± 29.08 (47) 83.4 ± 20.31 (16) 100.9 ± 35.56 (19) 94.3 ± 25.69 (12)

 % Change −17.7%† −34.5%† −8.3%‡ −5.2%‡

Triglycerides

 Baseline 140.3 ± 70.82 (51) 136.6 ± 70.35 (19) 147.9 ± 85.82 (17) 136.5 ± 55.03 (15)

 1 y 87.9 ± 35.51 (47) 88.2 ± 34.90 (16) 91.7 ± 35.88 (19) 81.6 ± 37.91 (12)

 % Change −37.3%† −35.4%* −38.0%* −40.2%*

Insulin

 Baseline 40.0 ± 21.04 (43) 40.4 ± 28.76 (14) 40.8 ± 16.30 (14) 38.9 ± 17.63 (15)

 1 y 10.5 ± 5.58 (44) 10.0 ± 5.31 (14) 10.7 ± 5.70 (17) 10.8 ± 6.11 (13)

 % Change −73.8%† −75.2%† −73.8%† −72.2%†

Albumin

 Baseline 4.1 ± 0.36 (42) 4.2 ± 0.40 (15) 4.0 ± 0.24 (15) 4.2 ± 0.43 (12)

 1 y 4.0 ± 0.32 (42) 4.1 ± 0.31 (16) 4.1 ± 0.38 (14) 3.9 ± 0.37 (12)

 % Change −2.4%‡ −2.4%‡ +2.5%‡ −7.1%‡

*
P < .05.
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†
P < .01.

‡
P > .05 (not significant).
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