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Abstract Recently, surgical intervention has gained increas-
ing support in adolescents with extreme obesity. This study
summarizes the analysis into the effect of laparoscopic adjust-
able gastric bands (LAGB) on cardiovascular risk factors in 14
extremely obese Portuguese adolescent patients. Data collect-
ed both pre- and postoperatively included age, gender, body
mass index (BMI), percentage of excess weight loss, cardio-
vascular risk factors, and cardiovascular outcomes. Ten girls
and four boys aged from 13.5 to 17.5 years underwent LABG.
The mean preoperative weight and BMI were 127.4 kg and
46.1 kg/m2, respectively. The average percentage of weight

loss calculated was 32% at 1 year, 38.8% at 2 years, and 48.1
% at 3 years of follow-up. Simultaneously, blood pressure and
insulin resistance index returned to normal, and there was an
increase in high-density lipoprotein levels, 3 years after the
LABG was fitted. LABG fitting is a safe and effective treat-
ment strategy for the improvement of cardiovascular status
following weight loss.
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Introduction

The Portuguese scenario does not differ greatly from other
European countries, with increasing prevalence rates of
overweight in adolescents (31.5% of overweight and 11.3
% of obese) [1]. The risk of cardiovascular disease and other
illnesses are frequently associated with extreme obesity. In
fact, insulin resistance has a central role in the pathogenesis
of many obesity-related disorders [2]. Hyperinsulinism or
insulin resistance, dyslipidemia, and high blood pressure
(metabolic syndrome) are all common in obese adolescents
and are associated with a long-term increased cardiovascular
disease risk [3].

Unfortunately, current medical and behavioral interven-
tions for extreme obesity in adults and children rarely result
in the significant, durable weigh loss necessary to improve
health outcomes [2, 4, 5]. Recently, surgical intervention for
extreme obesity in adolescents has gained increasing sup-
port, due to improving obesity-related comorbidities in
adults and adolescents [4].
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Current evidence suggests that an early intervention in
extremely obese adolescents can minimize obesity comor-
bidities, avoid cardiovascular risk and premature death, and
improve overall health quality. It is conceivable that bariat-
ric surgery performed in adults with childhood-onset obesity
may not be as effective for comorbidity treatment as surgery
performed earlier [2, 4]. In fact, significant weight loss
probably improves the elasticity of small arteries [6] and
inflammatory parameters [7]. The aim of this study was to
evaluate weight loss and the improvement of cardiovascular
risk factors in adolescent patients undergoing laparoscopic
adjustable gastric bands (LAGB) at our hospital between
July of 2001 and June 2010.

Methods

This procedure was approved by the institutional review
board, including the ethics committee, at our institution.
Our institution’s eligibility requirements for bariatric survey
mirror those set by the International Pediatric Endosurgery
Group guidelines for the surgical treatment of extremely
obese adolescents, which was updated in 2008.

Preoperative evaluation of eligible patients was per-
formed by a multidisciplinary management team experi-
enced in meeting the distinct physical and psychological
needs of the adolescent. This team included a pediatric
physician with expertise in obesity evaluation and manage-
ment, as well as nutrition, pediatric psychology, pediatric
psychiatry, and pediatric surgery. Additional expertise in
gastroenterology, cardiology, pulmonology, endocrinology,
and orthopedics was also available, depending on the ex-
tended spectrum of obesity-related comorbidities. Preopera-
tive evaluations included weight, height, body mass index
(BMI), excess weight, systolic and diastolic blood pressure
(BP) percentiles, triglycerides (TG), high-density lipopro-
tein (HDL) levels, total cholesterol, low-density lipoprotein
(LDL) levels, and insulin resistance indices (Homeostasis
Model Assessment—HOMA-IR). Follow-up assessments,
during the first postoperative year, included a first visit at
the end of the first week then monthly visits for the first
3 months. This was then decreased to visits every 3 months.
Additionally, clinical and laboratory examinations were
performed at regular intervals and evaluated at 1, 2, and
3 years post-LABG, to monitor nutritional status and
assess treatment response. The postoperative data also
included the percentage of excess weight loss (%EWL)
(calculated as 100% × [initial weight−current weight]/
[initial weight− ideal body weight for height]), the
follow-up time in hospital, hospital mortality, and
operative morbidity. All data are reported as means±standard
deviation.

Definitions

Hypertension Systolic and/or diastolic BP above the 95th
percentile for age, adjusted for height and gender, measured
on three or more occasions is defined as hypertension [8].

Dyslipidemia Having measurements as follows: total cho-
lesterol (>191 mg/dl in males and >208 mg/dl in females) or
LDL (>130 mg/dl in males and >126 mg/dl in females) or
HDL (<30 mg/dl in males and <35 mg/dl in females) or TG
(>143 mg/dl in males and >126 mg/dl in females) is char-
acterized as dyslipidemia [9].

Insulin resistance Insulin resistance (IR) is defined as
HOMA-IR of more than 3.16 (HOMA-IR0fasting insulin
concentration (in milliunits/milliliters)×fasting glucose con-
centration (in milligrams/deciliter)/405) [10].

Statistical Analyses

Descriptive statistics (mean, standard deviation, maximum,
and minimum) were performed, and various parameters
were compared using the Mann–Whitney test. Differences
were considered significant at p≤0.05. Data analysis was
performed using Microsoft Excel 2010, Portuguese edition,
and SPSS for Windows version 17.0.

Results

Gastrobandoplasty using a Lap-Band System was performed on
14 adolescents from July 2001 to June 2010. The group includ-
ed ten girls and four boys. At the time of this report, almost all
patients (12/14) had received at least 3 years of follow-up. The
baseline average of patient ages was 16.28 years±1.26; weight
was 127 kg±16.55 and BMI was 46.14 kg/m2±3.15. Preoper-
ative patient characterization is shown in Table 1.

Weight at 1, 2, and 3 years of follow-up averaged 103,
97, and 92 kg, respectively, and BMI averaged 37, 35, and
33 kg/m2, respectively. This correlates with average %EWL
of 32, 39, and 48%.

Although, most of the patients presented with dyslipidemia,
hypertension, and insulin resistance before surgery, there were
significant improvements in systolic and diastolic BP, lipid
profiles, and IR indices post-LABG (Table 1). Ninety-two
percent of the patients showed hypertension before surgery,
with a complete resolution in all of them 1 year after LABG.
About 85.7 % of the patients showed dyslipidemia, and of
these, 63.6 % were completely free of disease 1 year after
surgery. These adolescents demonstrate significant fasting
hyperinsulinemia, as the HOMA-IR index was abnormal in
92.8 % of patients (Table 2). Postoperative HOMAvalues were
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normal in all patients 3 years after surgical weight loss, with
complete resolution of IR in 82 and 91 % of the patients, 1 and
2 years after LABG, respectively. The average of follow-up
after surgery was 69 months with a good compliance (three to
four visits/year per adolescent).

None of the patients experienced intraoperative complica-
tions, and the mortality rate was zero. The postoperative recov-
erywas uneventful for all patients. However, late complications
included leaking of the port, requiring its replacement in two
patients (one of them 5 years after surgery and another 1 year
later), and gallstone formation, needing laparoscopic cholecys-
tectomy in one patient (2 years after surgery). With regard to
nonsurgical problems, one patient developed asymptomatic
micro-nephrolithiasis, and two patients developed symptomatic
mild gastroesophageal reflux that was controlled with a brief
course of proton pump inhibition. In addition, two patients
presented with asymptomatic nutritional deficiencies, such as
folic acid deficiency, and one of these patients also developed
B12 vitamin and zinc deficiency, requiring a short period of
additional polyvitaminic complex.

Discussion

LABG is a minimally invasive procedure with few associ-
ated complications, a short operative time, and a reduced

hospital stay, during which both definitive anatomic and
physiologic gastrointestinal conditions are maintained. Our
results indicate that LABG is effective for decreasing cardio-
vascular risk factors in the most extremely obese adolescents.
It must be highlighted that there were no complications di-
rectly associated with the procedure itself, and the reported
nonsurgical complications were easily managed or transitory,
as previously described.

In our study, there was a similar initial BMI and BMI
decrease when compared to other adolescent and adult stud-
ies (BMI, 46.1 kg/m2±3,15; BMI decrease, 33 kg/m2 at
3 years of follow-up) [11]. There is increasing evidence that
the resolution of obesity-related comorbidities, such as met-
abolic syndromes, can be seen in adolescents in the same
way as it has been described in adults [12, 13]. In our study,
LABG-induced weight loss and the significant and sus-
tained %EWL (±50 %) appears to eliminate some of the
modifiable risk factors for cardiovascular disease in this
group of patients.

As in other studies, such as those of Holterman et al.
(2007) and Conroy et al. (2011), our data showed significant
improvements in BP following LABG during the follow-up.
At 3 years post-LABG, the average serum triglyceride levels
in our patients dropped from 127 to 67 mg/dl, although this
decrease was not significant, and the average HDL levels
increased from 35 to 52 mg/dl, which was a significant

Table 2 HOMA index and lipid profile before and after LAGB

Preoperative 1 year post-LABG 2 years post-LABG 3 years post-LABG p value

Number of patients NA 14 14 12

HOMA index 5±4 (2–20) 2±1.2 (0.39-4.1) 1.69±0.76 (0.58–3.1) 1.55±0.94 (0.6–2.77) 0.009/0.001/0.001

TC (mg/dl) 187.36±46.41(120–243) 157.33±46.41 (120–243) 172±34.2 (120–205) 159.8±38.9 (104–203) NS

LDL (mg/dl) 125.27±38.22 (76–174) 99±25.19 (120–186) 107.7±29,7 (62–147) 96.2±35.5 (49–124) NS

TG (mg/dl) 127±82 (44–311) 93±35 (40–151) 89.1±19.1 (60–122) 67.4±10.2 (54–78) NS

HDL (mg/dl) 35.23±9.38 (20–51) 39.33±8.73 (25–58) 43.6±9.9 (32–60) 52.2±11.6 (38–66) NS/NS/0.02

Data presented as mean±standard deviation. The p values are both for 1, 2, and 3-year values compared with baseline

NA not applicable, HOMA homeostasis model assessment, TC total cholesterol, LDL low-density lipoprotein, TG triglycerides, HDL high-density
lipoprotein

Table 1 BMI, %EWL, and blood pressure before and after LAGB

Preoperative 1 year post-LABG 2 years post-LABG 3 years post-LABG p value

Number of patients NA 14 14 12

Weight (kg) 127.8±16.55 (105–157.8) 103.3±19.19 (74.2–126.3) 97.11±15.98 (72–122) 92.2±14.19 (73–110) 0.003/0.001/0.001

% EWL NA 32.14±14 (6–55) 38.8±17 (21–75) 48.1±20.5 (11.4–74.5)

BMI (kg/m2) 46.14±3.15 (41.39–54.6) 37.28±3.85 (30.48–43.5) 35.62±4.29 (28.76–40,2) 33.7±5.79 (24.4–43.1) 0.001/0.001/0.001

Systolic BP (mmHg) 147±11 (129–166) 123±6 (114–135) 122.91±7.36 (110–136) 132.85±8.1 (122–144) 0.001/0.001/0.001

Diastolic BP (mmHg) 77.64±3.15 (54–95) 68.15±9.43 (50–84) 64.8±7.1 (54–74) 71.4±2.2 (68–75) 0.021/0.002/0.03

Data presented as mean±standard deviation. The p values are both for 1, 2, and 3-year values compared with baseline

NA not applicable, % EWL percentage of excess weight loss, BMI body mass index, BP blood pressure
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increase (p00.02). Resolution of dyslipidemia was achieved
in 64 % of patients, and there was an improvement in 82 %
of the patients. More importantly, the average IR index fell
to less than one half of their baseline values 1 year after
surgery and remained normal 3 years post-LABG. It is
therefore important to highlight that LAGB improves glu-
cose metabolism as well as reducing the risk of developing
potentially devastating consequences of insulin resistance in
adolescents with extreme obesity.

In general, the frequency and degree of metabolic reso-
lution vary with the %EWL [14], but even in the patient
with the lowest %EWL (5.8 %) at 1 year post-LABG, there
was still an improvement of these comorbidities. It is also
believed that an effective surgical intervention earlier in the
life of a morbidly obese adolescent population, in particular
for reproductively active females, may be preferable to
delayed intervention after decades of exposure to the health
effects of morbid obesity. This is particularly important as
this procedure may minimize the transgenerational effects of
obesity, promoting healthier parents and benefiting the off-
spring with a more positive metabolic programming
[15–18].

Conclusions

According to our knowledge, this is one of the first reports
to examine correlations between cardiovascular risk factors
and weight changes in adolescents following LABG. In our
study, LAGB provided an excellent option not only for
weight loss but also for the resolution of cardiovascular risk
factors. This was demonstrated by the improvement of BP,
serum lipid levels, and measures of glucose homeostasis in
adolescents with extreme obesity.

We should now move forward cautiously to provide more
intensive obesity management in adolescents. These data

support LAGB as an appropriate surgical option for pediatric
patients with extreme obesity and cardiovascular risk factors.
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