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Bariatric surgery: is it reasonable before the age of 16?

Cirurgia bariátrica: é razoável antes dos 16 anos de idade?
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	 INTRODUCTION

In the last 50 years, there have been changes in the 

profile of health problems in children and adolescents 

and, in this context, obesity has emerged as a pandemic 

disease of high prevalence and morbidity1. After nearly 

three decades of alarming increase in its prevalence 

in the world, the latest studies in developed countries 

show a trend of stabilization, but with worsening 

severity2-4. In some developing communities, where we 

observe the coexistence of growth delay and obesity, 

it is believed that this population is changing from 

malnutrition to excess weight, without going through 

eutrophy5. In Brazil, after the measures of social 

inclusion, there was decrease in the levels of poverty 

and malnutrition. On the other hand, new challenges 

emerged, as the increase of overweight, currently three 

times greater than malnutrition6. The latest data show 

increased prevalence in all age groups, a little lower in 

children under five years, and in both genders6,7.

Despite numerous efforts, the difficulty in 

combating obesity is evident, due to it highly complex 

etiology and pathophysiology. When present in children 

and adolescents, it causes a negative impact on the 

secular increase in life expectancy8, as well as commitment 

in the psychological domain9,10, becomes persistent 

in adulthood11 and predisposes to the occurrence of 

premature death from endogenous causes (insulin 

resistance and hypertension)12.

In view of this, various forms of treatment 

have been studied, the main and initial one being the 

recommendations for change in lifestyle, including 

decreased caloric intake, increased energy expenditure 

and psychological evaluation with emphasis on 

individual, family, school and community. However, 

in practice the long-term results are not very 

encouraging10,13,14. Drug treatment, little used and 

contraindicated in children, also does not show good 

results10,15. Due to the increased severity of cases and 

the positive results obtained with bariatric surgery in 

adults, both in relation to weight loss as the correction 

of comorbidities, indications in adolescents, initially 

restricted to the most serious patients with complete 

pubertal development, is becoming most studied11,13. 
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Objective: to assess the severity of obesity in children and adolescents through the presence of comorbidities and the potential indication 

of bariatric surgery. Methods: we conducted a cross-sectional study with clinical and laboratory data of the first consultation of patients at 

the childhood obesity clinic at a tertiary hospital from 2005 to 2013. We divided the patients into groups with or without potential indica-

tion for surgery, and recorded age, gender, birth weight, age of obesity onset, BMI Z score, presence of acanthosis nigricans, blood pressure, 

total cholesterol and fractions, triglycerides, blood glucose and fasting insulin, HOMA1-IR, CRP and ESR. The group with potential indication 

for surgery included: BMI > 40 or between 35-40 with comorbidities (Triglycerides >130mg/dl, glucose levels >100mg/dl, HOMA1-IR >3.16, 

Total Cholesterol >200mg/dl, LDL >130mg/dl and HDL <45mg/dl), regardless of age, epiphysis consolidation and previous treatment. Re-

sults: of the 296 patients included in the study, 282 (95.3%) were younger than 16 years. The most frequent change was the HDL (63.2%), 

followed by HOMA1-IR (37.5%). Of the group of 66 patients with potential indication for surgery (22.3%), only ten (15.1%) had more 

than 16 years. Acanthosis nigricans, the average HOMA1-IR, insulin, CRP, ESR, age, BMI Z score and systolic and diastolic blood pressure 

were significant in the group with potential surgical indication. Conclusion: bariatric surgery might be indicated by BMI and comorbidities 

in children and adolescents under 16 years.
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However, it is important to note that the surgical option 

is an aggressive and controversial treatment in this age 

group, mainly due to the physical, psychological and 

metabolic changes16,17.

Given these considerations, this study aims to 

assess the severity of obesity in children and adolescents 

referred to the outpatient clinic of a tertiary hospital, 

through the presence of comorbidities and the poten-

tial for bariatric surgery indication.

	 METHODS

This is a cross-sectional study based on data 

from the first patient consultation at the Referenced 

Multidisciplinary Clinic for Obesity in Children and 

Adolescents of the Clinics Hospital of the Campinas State 

University (UNICAMP), from 2005 to 2013. After exclusion 

of patients with a genetic syndrome, renal, hepatic or 

endocrine disease, continuous use of psychoactive drugs 

and/or oral corticosteroids and physical disabilities that 

prevented the realization of anthropometry, we included 

333 patients. We recorded the following data from the 

first consultation: date of birth, obesity onset age, birth 

weight, weight and height, body mass index (BMI), BMI Z 

score18, presence of acanthosis nigricans, blood pressure 

(BP), systolic and diastolic.

We also evaluated the first laboratory 

tests: total cholesterol and fractions (LDL and HDL), 

triglycerides, fasting glucose, insulin, C‑reactive protein 

(CRP) and erythrocyte sedimentation rate (ESR). These 

tests were performed by the UNICAMP Clinics Hospital 

central laboratory. We calculated the HOMA1-IR index 

by the following formula19: fasting insulin (mU/l) x 

fasting glucose (mmol/l) / 22.5.

In 2013, The Brazilian Ministry of Health 

published a decree allowing bariatric surgery from the age 

of 16 up, using as criteria, in addition to BMI, the presence 

of comorbidities, clinical treatment failure (for at least 

two years) and the consolidation of growth epiphyses 20. 

In this study, the classification of patients with potential 

indication for bariatric surgery was based on BMI values ​​

of the International Pediatric Endosurgery Group (IPEG)21 

and on the American standards18, which are the same for 

adults determined by the Brazilian Ministry of Health 20. 

Therefore, we divided patients into BMI <35, BMI between 

35-40 and BMI >40. We included in the group with 

potential surgical indication (G2) patients with BMI >40 

or BMI between 35-40 with comorbidities. We considered 

the following as comorbidities: triglycerides >130mg/dl, 

total cholesterol >200mg/dl, LDL cholesterol >130mg/dl, 

HDL cholesterol <45mg/dl, blood glucose >100mg/dl and 

HOMA1-IR >3.16.

After splitting into groups without (G1) or 

with (G2) potential surgical indication, we performed 

the analysis of variables, both clinical (age, gender, 

birth weight, obesity onset age, BMI Z score, presence 

of acanthosis nigricans and BP) and laboratorial (total 

cholesterol and its fractions, triglycerides, blood glucose 

and fasting insulin, HOMA1-IR, CRP and ESR).

For the evaluation of non-numeric variables, 

we used the chi-square test, and for numeric variables, 

the Student’s t test, since all were normally distributed 

(Kolmogorov-Smirnov). The data were stored and 

organized in the computer program SPSS 16.0. We 

considered α <0.05.

The work was approved by the Ethics in Research 

Committee (CEP) of the Faculty of Medical Sciences (FCM) 

of Unicamp, No 376,289, on August 27, 2013.

	 RESULTS

The distribution of frequency, mean and 

standard deviation of clinical and laboratory variables 

are shown in Table 1. There was difference in the 

frequency due to lack of information in the medical 

records. Of the 333 patients, we excluded 37 (11.1%) 

due to lack of at least one result of laboratory tests. 

Of the 296 remaining, 152 (51.4%) were male, 282 

(95.3%) were under 16 and 47 (15.9%) had normal 

laboratory tests. Of those with normal laboratory tests, 

45 (95.7%) had a BMI <35, two (4.3%), BMI 35-40, 

and none, BMI >40 (Table 2).

The distribution of comorbidities according 

to the BMI is shown in Table 2. The most frequent 

alteration was HDL cholesterol  <45mg/dl in 187 

(63.2%) individuals, followed by HOMA1-IR >3.16 

in 111 (37.5%). We detected the presence of two 

comorbidities in 90 (30.4%) patients, and the presence 
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of three comorbidities in 55 (18.6%). Only the HOMA1-

IR showed statistical difference between normal and 

abnormal values and BMI.

Of those with normal laboratory tests, 45 

(95.7) had a BMI <35, two, BMI 35-40, and none, BMI 

>40 (Table 3). Of the total, 66 (22.3%), at the first visit, 

already had potential indication for bariatric surgery 

(BMI between 35 and 40 with one or more abnormal 

laboratory tests or BMI >40 – group with potential 

surgical indication), yet only ten (15.1%) of these had 

more than 16 years (Table 3).

The comparison of clinical and laboratory 

data between the group without indications for 

bariatric surgery (G1) and the group with potential 

indication (G2) is shown in Table 4. In clinical analysis, 

we found that the average age (p=0.006), the BMI 

Z score (p=0.005) and the systolic and diastolic BP 

measurements (p=0.000) were significant in the 

group with potential surgical indication, as well 

as the presence of acanthosis nigricans (p=0.006). 

Among the laboratory variables, the mean HOMA1-

IR (p=0.000), insulin (p=.000), CRP (p=0.012) and ESR 

(p=0.013) were also significantly higher in this group. 

The other variables did not differ.

	 DISCUSSION

This study revealed the severity of the patients 

coming to primary care in this specialized clinic due to the 

large number of comorbidities. It also showed that about 

a quarter of these patients, regardless of age, presence of 

epiphyseal consolidation or prior treatment, prerequisites 

determined by the health ministry, had potential indica-

tion for bariatric surgery. Of these, only ten (15.1%) were 

in the age range recommended by the Brazilian Ministry 

of Health, over 16 years. However, it is important to note 

that BMI increases with age since four to five years old, 

which may underestimate the actual number of patients 

with potential surgical indication in this study. Teens that 

have a BMI greater than or equal to 35 over 12 years of 

age are approximately in the 99th percentile or above, a 

percentile that is associated with increased metabolic risk. 

For this reason, the BMI of 35 is used as the minimum cut-

ting value for the indication of bariatric surgery18,21. Anoth-

er alarming fact showing the seriousness of these patients 

is that most (61.8%) individuals who were not included 

in the group with potential indication for bariatric surgery 

due to BMI <35 already had one or more abnormal labo-

ratory tests at the first outpatient visit.

Table 1. Distribution of frequency, mean and standard deviation (SD) of the studied clinical and laboratory variables.

Variables N (%) Mean (SD)

Age (years) 333 (100) 10.53 (3.53)

Birth weight (g) 235 (70.6) 3.38 (0.63)

Age (years) 262 (78.7) 4.10 (3.09)

BMI Z score 329 (98.8) 2.49 (0.59)

Diastolic BP (mmHg) 318 (95.5) 73.63 (11.72)

Systolic BP (mmHg) 318 (95.5) 115.11 (16.23)

Blood glucose (mg/dl) 289 (86.8) 83.20 (7.16)

Insulin (µ IU/ml) 264 (79.3) 16.55 (12.08)

HOMA1-GO 254 (76.3) 3.45 (2.76)

Total cholesterol (mg/dl) 292 (87.7) 163.07 (33.70)

LDL cholesterol (mg/dl) 284 (85.3) 99.14 (31.71)

HDL cholesterol (mg/dl) 287 (86.2) 43.28 (9.95)

Triglycerides (mg/dl) 292 (87.7) 112.14 (56.53)

CRP (mg/dl) 131 (39.3) 0.65 (1.51)

ESR (mm/h) 115 (34.5) 20.04 (15.29)
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In line with the literature, we found that patients 

with higher BMI had a higher number of comorbidities. 

This points to the severity of the condition, because, 

as discussed by Salawi et al., in 201422, in a Canadian 

study, comorbidities in children evolve faster and more 

severely than in adults. Still, the same study found that 

obese patients who come to the health facility seeking 

treatment already have clinical and laboratory severity 

criteria since the first approach by the medical team, 

which includes the presence of many comorbidities. The 

same could be observed in this study, in which many 

patients referred to the basic sectors of the health system 

have reached the specialized clinic for obesity in children 

and adolescents with several comorbidities.

The mostly observed comorbidities in the 

group with potential surgical indication were increased 

systolic and/or diastolic blood pressure, insulin resistance 

and dyslipidemia (primarily increased triglycerides). Re-

garding acanthosis nigricans, its significant presence in 

the group with surgical potential corroborates its im-

portance in the clinical diagnosis of insulin resistance in 

obese children and adolescents, also evidenced by ab-

normal laboratory values ​​of insulin and HOMA1-IR. As 

for the significant number of patients with altered ESR 

and PCR, this datum suggests the association of obesity 

with inflammatory disease, which strengthens the hy-

pothesis of its involvement in diseases such as asthma 

and cancer, for example23,24.

In the current context of obesity in children 

and adolescents, the initial therapy for all patients 

should include changes in measures of lifestyle, with 

multidisciplinary team for at least two years10,13,15. So 

far, though, long-term studies have found failure to re-

duce BMI, especially in older children and with higher 

BMI10,15,25. Drug treatment also does not show good re-

sults and few drugs are released. Bariatric surgery, even 

being an aggressive and controversial procedure, has 

been increasingly performed in younger patients13,16,25.

Table 2. Distribution of the 249 patients with one or more altered laboratory tests according to the body mass index (BMI).

Laboratory Exams

BMI

< 35

N (%)

35-40

N (%)

> 40

N (%)
p

CT
Normal 194 (86.2) 37 (92.5) 21 (77.8) 0.228

Altered 31 (13.8) 3 (7.5) 6 (22.2)

LDL
Normal 185 (84.9) 34 (87.2) 22 (81.5) 0.817

Altered 33 (15.1) 5 (12.8) 5 (18.5)

HDL
Normal 82 (37.1) 9 (23.1) 9 (33.3) 0.234

Altered 139 (62.9) 30 (76.9) 18 (66.7)

TGL
Normal 161 (86.2) 27 (92.5) 18 (77.8) 0.785

Altered 64 (28.4) 13 (32.5) 9 (33.3)

Homa 1-GO
Normal 129 (66.5) 9 (27.3) 5 (18.5) 0.000

Altered 65 (33.5) 24 (72.7) 22 (81.5)

2 alterations
No 118 (64.7) 22 (59.5) 19 (65.6) 0.898

Yes 65 (35.3) 15 (40.5) 10 (34.4)

3 or + alterations
No 147 (80.3) 27 (73.0) 20 (69.0) 0.264

Yes 36 (19.7) 10 (27.0) 9 (31.0)

Reference values for changed: CT = total cholesterol >200 mg/dl; LDL = LDL cholesterol >130mg/dl; HDL = HDL cholesterol <45 mg/dl; TGL = Tri-
glycerides >130mg/dl; HOMA1-GO >3.16.
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Bariatric surgery began to be carried out in adults 

in 1960, and two decades ago also in adolescents26. To 

date, three surgical techniques have been widely studied, 

with different results and complications: adjustable vertical 

band, sleeve gastrectomy, and Roux-en-Y gastric bypass. 

According to the technique, the decrease in weight after 

surgery can vary between 58 and 73% of adolescents, 

with a greater chance of the patient reaching a BMI within 

normal values ​​the lower the baseline BMI. Regarding 

comorbidities, long-term studies in this age group are 

still few, but early studies suggest improvements in 

psychological and cardiovascular risk. Mortality due to the 

surgical risk is low, as well as the lower length of stay and 

the risk of cholelithiasis and “dumping”. Among surgical 

complications, nutritional deficiencies of vitamins and 

minerals and the loss of bone mass in younger age groups 

should be well studied, even as supplementation should 

be long-term and observed less adherence to treatment 

from16,25-27. As for the loss of bone mass, this may be more 

relevant in adolescence, since the peak bone mineral 

density occurs at 20 years of age25,28.

Beyond these considerations, studies indicating 

who would be the ideal patient to undergo bariatric 

surgery are still scarce, especially in children and 

adolescents. Among the difficulties, there is the need for 

a careful assessment of the mental health of patients prior 

to surgery in an attempt to identify those with disorders 

like depression, anxiety, drug abuse, compulsory feeding 

and provocation of vomiting. However, no one knows 

for sure if these changes are related or not to obesity. 

Thus, it becomes difficult to determine whether bariatric 

surgery would bring advantages and disadvantages 

in this regard. Therefore, it is essential that the initial 

treatment include a family approach, both for the 

procedure indication and for the discussion about the 

possible results and subsequent follow-up25,27.

Finally, for surgery indication, besides considering 

the child’s BMI and age, studies reinforce the importance 

of assessment of pubertal development (Tanner stages IV 

to V), skeletal maturity (at least 95%), previous treatment 

with changes in lifestyle habits (importance of diet and 

physical activity), psychological development (mature 

decision), social and family support and understanding of 

nutritional supplementation13,21,25. Therefore, it is important 

to note that the treatment of obesity in adolescents with 

bariatric surgery is complex. One must take factors into 

consideration, such as prior assessment of the patient by 

a multidisciplinary team, choosing the best age, surgical 

technique to be employed, diagnosis and monitoring of 

comorbidities, understanding of long-term follow-up by 

the patient and the family and informed consent, as it is a 

procedure that causes various biological and psychosocial 

effects13,25,29.

Brazilian studies on bariatric surgery in this age 

group are few. Velhote, in 200730, studied the evolution 

after one year of eight teenagers from ten to 19 years with 

a BMI >40, operated by adaptive gastro-entero-omentec-

tomy technique with intestinal reserve (GARI). Ferraz et al., 

in 201531, studied 20 patients with a mean age of 18.1 

years, who underwent Roux-en-Y gastric bypass after a 

multidisciplinary clinical follow-up. In both studies, they 

observed large weight loss, reduction of comorbidities, 

low rates of complications and no deaths.

This study has some limitations due to being a 

cross-sectional chart review. In addition, there are few 

studies in the literature for comparison, which limited 

Table 3. Distribution of the 296 children and adolescents according to the presence of comorbidities and minimum age (16 years) for 
potential indication of Bariatric Surgery according to BMI.

Without Comorbidities With Comorbidities

BMI
<16a

N (%)

>16a

N (%)

Total

N (%)

<16a

N (%)

>16a

N (%)

Total

N (%)

<35 43 (14.5) 2 (0.7) 45 (15.2) 181 (61.1) 2 (0.7) 183 (61.8)

35-40 2 (0.7) 0 2 (0.7) 35 (11.8) 2 (0.7) 37 (12.5)

>40 0 0 0 21 (7.1) 8 (2.7) 29 (9.8)
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Table 4. Comparison of clinical and laboratory variables between groups without (G1) and with (G2) potential surgical indication.

Variables Groups N Mean SD p

Gender
G1

G2

F = 110 M = 120

F = 34 M = 32
______ _____ 0.597

Age (years)
G1

G2

230

66

9.79

13.09

3.38

2.93
0.000

Birth weight (g)
G1

G2

161

48

3380.55

3438.75

660.45

578.11
0.582

Age (years)
G1

G2

181

53

3.91

4.66

2.91

3.25
0.109

BMI Z score 
G1

G2

226

66

2.44

2.68

0.64

0.33
0.005

Acanthosis Nigricans
G1

G2

A = 46 P = 91

A = 6 P = 41
_______ ______ 0.006

Diastolic BP (mmHg)
G1

G2

218

66

71.62

80.86

10.09

12.85
0.000

Systolic BP (mmHg)
G1

G2

218

66

111.17

128.08

14.02

16.82
0.000

Blood glucose (mg/dl)
G1

G2

223

66

71.62

83.80

7.21

7.01
0.439

Insulin (µ IU/ml)
G1

G2

197

58

14.35

23.79

11.43

11.64
0.000

HOMA1-GO
G1

G2

196

58

3.01

4.93

2.69

2.51
0.000

Total cholesterol (mg/dl)
G1

G2

227

65

163.59

161.26

33.03

36.15
0.624

LDL cholesterol (mg/dl)
G1

G2

219

65

99.51

97.92

30.47

35.81
0.723

 

HDL cholesterol (mg/dl)

G1

G2

222

65

43.60

42.15

10.52

7.69
0.303

Triglycerides (mg/dl)
G1

G2

227

65

109.37

121.80

55.65

58.96
0.118

CRP (mg/dl)
G1

G2

100

26

0.48

1.33

0.89

2.84
0.012

ESR (mm/h)
G1

G2

94

21

18.38

27.48

13.70

19.73
0.013

G1 = without surgical potential, G2 = with surgical potential, F = female, M = male, A = absent, P = present, SD = Standard Deviation.
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