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Introduction

Childhood and adolescent obesity is an important

worldwide reality, because of the progressively

increasing prevalence and associated morbidities and

represents a major public health problem for several

countries (1).

Recent data suggest that the prevalence of over-

weight [body mass index (BMI) > 95th percentile

for age and gender] in Latino children and

adolescents has approximately doubled in the past

10 years, resulting in a prevalence of overweight of

23% (2). A similar trend was also observed in

several European countries, the estimated prevalence

rates ranging from 10% to 12% up to 36% (3).

Metabolic syndrome (MS) is a constellation of

interrelated risk factors of metabolic origin – i.e.

metabolic risk factors – which appear to directly pro-

mote the development of atherosclerotic cardiovascu-

lar disease (4,5). Several studies showed that obesity

is strictly associated with the MS, which represents

the major risk factor for cardiovascular diseases and

type 2 diabetes (6). The MS encompasses the

clustering of several anthropometric and metabolic

parameters [BMI, blood pressure (BP), total- and

high-density lipoprotein (HDL)-cholesterol, triglyce-

rides (TG), fasting glucose, etc.], variously combined

in between.

Different individuals with a diagnosis of MS (even

based on the same definition criteria) may naturally
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SUMMARY

Background: Metabolic syndrome (MS) prevalence between different populations

in obese adolescents is scanty to date. Objective: To compare the MS prevalence

and related risk factors in Brazilian and Italian obese adolescents. Methods: A

total of 509 adolescents (110 Brazilian, 399 Italian), aged 15–19 years. Anthropo-

metric characteristics, triglycerides (TG), total, low-density lipoprotein (LDL)-, high-

density lipoprotein (HDL)-cholesterol, fasting plasma glucose (FPG), insulin, homeo-

stasis model assessment of insulin resistance (HOMA-IR) and blood pressure were

measured. Results: Age, body mass index (BMI) and BMI z-score were not signifi-

cantly different between the two subgroups. BMI z-score, TG, FPG, HOMA-IR and

systolic blood pressure (SBP) were significantly higher in boys than in girls both in

Brazilian and Italian adolescents, while HDL-cholesterol levels were lower in boys

than in girls. No significant differences were observed in BMI, LDL and total-cho-

lesterol and DBP in two genders and groups. Insulin, FPG, HOMA-IR and TG were

significantly higher, while LDL-cholesterol and SBP were significantly lower in Bra-

zilian than in Italian subjects, both in males and females. HDL and total-cholesterol

and diastolic blood pressure (DBP) were not significantly different between the two

subgroups and genders. MS prevalence was higher in Brazilian than in Italian

obese boys (34.8 vs. 23.6%, p < 0.001) and girls (15.6 vs. 12.5%, p < 0.01).

The most frequently altered parameter was HOMA-IR both in subjects with MS

(100% in Brazilian and 81.8% in Italian) and without MS (42.9% and 11.7%).

Conclusion: Metabolic syndrome represents a worldwide emerging health problem

in different ethnical populations, the alterations of the risk factors related to MS

(different in their prevalence between different subgroups) being strictly linked to

the degree of obesity.

What’s known
Metabolic syndrome prevalence is progressively

increasing in obese children and adolescents of

different ethnic groups.

What’s new
The present study compares the MS prevalence and

the contribution of the related risk factors in a

large group of age-, gender- and BMI z-score-

matched Brazilian and Italian obese adolescents.
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be highly heterogeneous as far as the contribution of

the single different parameters is concerned.

Moreover, it cannot be ruled out the presence of

systematic differences in the composition of the

syndrome across different ethnic groups, this hetero-

geneity reflecting different clinical entities with sub-

stantial differences in the risk for health outcomes

(7).

Although the definition of MS in children and

adolescents could actually be based on the same

parameters as in adults (8), the relevant changes in

growth and development occurring during childhood

need age-related cut-off values for the single parame-

ters to be used (9).

Aims of the present study were to compare the

prevalence of MS and the contribution of the related

risk factors in a large group of age-, gender- and

BMI z-score-matched Brazilian and Italian obese

adolescents.

Research design and methods

Study group
One hundred and ten Brazilian and 399 Italian obese

adolescents, aged 15–19 years, were enrolled in this

study. The Brazilian subjects were recruited from the

Federal University of São Paulo, UNIFESP, São Paulo

and the Italian from the Division of Auxology, Ital-

ian Institute for Auxology, IRCCS, Piancavallo (VB).

Inclusion criteria were: (i) BMI above the 95th

percentile for gender and chronological age accord-

ing with the CDC growth charts (10), (ii) Tanner

stage (11) more than four, (iii) sedentary life-style

(median weekly physical activity < 1 h). Exclusion

criteria were: (i) use of medication known to alter

BP or glucose or lipid metabolism, (ii) identified

genetic diseases, (iii) metabolic and ⁄ or endocrine

diseases, (iv) previous use of drugs, such as glucocor-

ticoids, insulin sensitisers or psychotropics, which

may affect appetite regulation.

The experimental protocol was conducted in

accordance with the guidelines in the Declaration of

Helsinki and was formally approved by the Ethical

Committees of the Federal University of São Paulo –

Paulista Medicine School and of the Italian Institute

for Auxology, Milan and Piancavallo (VB) respec-

tively. In addition, the purpose and objectives were

carefully explained to each adolescent and his ⁄ her

parents and a written informed consent was

obtained.

Anthropometric and biochemical
measurements
Body mass was measured to the nearest 0.1 kg with

a manual weighing scale; height was measured to

the nearest 0.5 cm on a standardised wall-mounted

height board. Body mass index was calculated as

weight (kg) ⁄ stature2 (m) (12). The standard devia-

tion score for BMI was determined using the LMS

method, which summarises the data in terms of

three smooth age specific curves called L (lambda),

M (mu), and S (sigma). The M and S curves corres-

pond to the median and coefficient of variation of

body mass index at each age whereas the L curve

allows for the substantial age dependent skewness in

the distribution of body mass index (13). Pubertal

stage was assessed by an expert auxologist according

to the standardised Tanner criteria (11).

Blood samples were collected after an overnight

fast in standard tubes. TG and HDL-, low-density

lipoprotein (LDL)- and total-cholesterol, as well as

fasting plasma glucose (FPG) and insulin concentra-

tions were immediately measured with enzymatic-

colorimetric methods (CELM, Barueri, for Brazilian

samples and Hitachi Instrument, Japan, for Italian

samples), after appropriate processing. A comparative

study performed in a small number of samples

revealed no significant differences in the results

obtained by using the different methods for all the

parameters tested (data not shown). Insulin resis-

tance was assessed by homeostasis model assessment

of insulin resistance (HOMA-IR). HOMA-IR was

calculated by the following formula: fasting insulin

(llU ⁄ ml) · fasting glucose (mmol ⁄ l) ⁄ 22.5 (14).

Blood pressure
Blood pressure was measured on the right arm using

a mercury-gravity manometer with appropriate cuff

size. Two BP determinations were made after the

subjects had been sitting at least 5 min and the mean

value was used for analyses.

Metabolic syndrome definition
The diagnosis of MS was based on the presence of at

least three of the following criteria, according to the

World Health Organization criteria (15,16) and the

National Cholesterol Education Program Adult

Treatment Panel III recommendations (17). The cri-

teria included (18–22):

• Obesity, defined in the presence of a BMI ‡ 95th

percentile for age and gender (2–20 years, Centers

for Disease Control and Prevention using CDC

growth charts, USA (10).

• Abnormal glucose homeostasis, defined in the pres-

ence of one of the following:

(a) hyperinsulinaemia (‡ 20 llU ⁄ ml) (15,23),

(b) insulin resistance, defined using the HOMA-

IR > 3.16 (21,23,24),

(c) elevated fasting glucose (FPG): ‡ 110 mg ⁄ dl

(6.1 mmol ⁄ l) (23).
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• Hypertension, i.e. systolic ⁄ diastolic BP ‡ 95th per-

centile for age and sex (25).

• Dyslipidaemia, i.e. the presence of one of the fol-

lowing (26):

(a) triglycerides ‡ 95th percentile for age and

gender,

(b) high-density lipoprotein-cholesterol < 5th per-

centile for age and gender,

(c) total- or LDL-cholesterol ‡ 95th percentile for

age and gender.

Statistical analysis
Statistical analyses were performed using the Statisti-

ca for Windows (Kernel version 5.5 A, StatSoft, Mai-

sons-Alfort, France) with significance set at p < 0.05.

All the results were expressed as mean ± SD. The

effects of BMI, FPG, HOMA-IR, systolic blood pres-

sure (SBP) or DBP, TG, LDL-, HDL-, total-choles-

terol levels on the MS prevalence were evaluated by

means of a multivariate binary logistic regression

analysis. The effects of gender, nationality and inter-

action (gender · nationality) on physical characteris-

tics and metabolic parameters of subjects were tested

using ANOVA analysis.

Results

The physical and clinical characteristics of the Brazil-

ian and Italian obese adolescents are shown in

Table 1. All subjects were above the 95th percentile

for gender and chronological age according to CDC

growth charts (10); mean Tanner stage (11) of the

two subgroups was comparable, both in males and

females. Chronological age, body mass, stature, BMI

and BMI z-score were not significantly different

between the two subgroups.

Body mass, stature, BMI z-score, insulin, HOMA-

IR, FPG, SBP and TG were significantly higher in

boys than in girls, both in Brazilian and Italian ado-

lescents, while HDL-cholesterol levels were lower in

boys than in girls. No significant differences were

observed in BMI, DBP, total- and LDL-cholesterol in

the genders and groups.

Mean insulin, HOMA-IR, FPG and TG were sig-

nificantly higher in Brazilian than in Italian subjects,

while LDL-cholesterol and SBP were significantly

lower in Brazilian than in Italian subjects, both in

males and females. HDL-cholesterol, total-cholesterol

and DBP were not significantly different between

two the subgroups and genders.

Metabolic syndrome prevalence was higher in Bra-

zilian than in Italian obese boys (34.8% vs. 23.6%,

p < 0.001) and girls (15.6% vs. 12.5%, p < 0.01), the

difference resulting more evident in boys than in

girls. The prevalence of MS in boys was almost twice

than that observed in girls of both subgroups.

The prevalence of the single parameters related to

MS in Brazilian and Italian obese adolescents (with

Table 1 Physical and clinical characteristics of Brazilian and Italian obese adolescents

Boys Girls p-value

Brazilian

(n = 46)

Italian

(n = 144)

Brazilian

(n = 64)

Italian

(n = 255) Gender Nation

Gender ·
nation

Age (years) 16.5 ± 0.2 16.2 ± 0.1 16.6 ± 0.1 16.2 ± 0.1 0.868 0.109 0.991

Body mass (kg) 104.8 ± 2.3 110.2 ± 1.3 92.8 ± 1.9 95.2 ± 1.0 0.001 0.125 0.393

Stature (m) 1.72 ± 0.01 1.72 ± 0.01 1.63 ± 0.01 1.61 ± 0.01 0.001 0.376 0.591

BMI (kg ⁄ m2) 35.5 ± 0.7 37.3 ± 0.4 35.1 ± 0.6 36.5 ± 0.3 0.255 0.103 0.729

BMI z-score 2.9 ± 0.1 3.1 ± 0.1 2.8 ± 0.1 2.9 ± 0.1 0.010 0.119 0.466

Insulin (llU ⁄ ml) 20.7 ± 1.1 14.1 ± 0.6 15.7 ± 0.9 12.5 ± 0.5 0.001 0.001 0.041

HOMA-IR 4.8 ± 0.2 2.7 ± 0.1 3.5 ± 0.2 2.3 ± 0.1 0.001 0.001 0.013

FPG (mg ⁄ dl) 92.5 ± 1.0 76.3 ± 0.6 90.7 ± 0.9 73.9 ± 0.4 0.006 0.001 0.716

SBP (mmHg) 125.2 ± 1.7 129.3 ± 1.0 120.3 ± 1.5 122.8 ± 0.7 0.001 0.010 0.549

DBP (mmHg) 78.0 ± 1.1 78.2 ± 0.6 77.4 ± 0.9 76.7 ± 0.5 0.209 0.722 0.619

Triglycerides (mg ⁄ dl) 130.9 ± 6.8 105.6 ± 3.8 109.9 ± 5.7 90.4 ± 2.9 0.001 0.001 0.566

HDL-cholesterol (mg ⁄ dl) 44.2 ± 1.5 43.5 ± 0.9 50.7 ± 1.3 48.7 ± 0.7 0.001 0.224 0.553

Total-cholesterol (mg ⁄ dl) 164.6 ± 4.7 162.8 ± 2.6 162.7 ± 3.9 162.1 ± 1.9 0.723 0.731 0.860

LDL-cholesterol (mg ⁄ dl) 94.2 ± 4.1 106.9 ± 2.3 90.0 ± 3.5 102.8 ± 1.7 0.171 0.001 0.986

Prevalence of MS

Obese adolescents (%) 34.8 23.6 15.6 12.5 0.001 0.001 0.736

All values are average ± SD. BMI, body mass index; HOMA-IR, homeostasis model assessment of insulin resistance; FPG, fasting

plasma glucose; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein,

MS, metabolic syndrome; %, prevalence of subjects.
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MS or without MS) was shown in Table 2. According

to the inclusion criteria, BMI was altered in all sub-

jects with or without MS. The most frequently altered

parameter was HOMA-IR both in subjects with MS

(100% in Brazilian and 81.8% in Italian adolescents)

and without MS (42.9% and 11.7% respectively). The

second altered parameter in the order of prevalence

differed between the two subgroups (both in subjects

with MS and without MS), being insulin in Brazilian

and SBP in Italian adolescents.

Table 3 shows the subdivision of the study group

according to the degree of obesity (i.e. BMI z-score:

< 2.49; 2.50–2.99; 3.00–3.49; > 3.50). MS prevalence

was significantly higher in adolescents with higher

BMI z-score, the prevalence increasing from 9.5%

(BMI z-score: < 2.49) up to 31.8% (BMI z-score:

> 3.5). The prevalence of altered insulin, HOMA-IR,

SBP and DBP increased in parallel to the increasing

severity of obesity, while the prevalence of altered

dyslipidaemia did not change markedly in relation to

Table 2 Prevalence of altered parameters in obese adolescents with and without metabolic syndrome

Brazilian Italian

With MS (n = 26)

Without MS

(n = 84) With MS (n = 66)

Without MS

(n = 333)

(%) f (%) f (%) f (%) f

BMI 100.0 (26 ⁄ 26) 100.0 (84 ⁄ 84) 100.0 (66 ⁄ 66) 100.0 (333 ⁄ 333)

Insulin (llU ⁄ ml) 73.1 (19 ⁄ 26) 23.8 (20 ⁄ 84) 60.6 (40 ⁄ 66) 7.2 (24 ⁄ 333)

HOMA-IR 100 (26 ⁄ 26) 42.9 (36 ⁄ 84) 81.8 (54 ⁄ 66) 11.7 (39 ⁄ 333)

FPG (mg ⁄ dl) 0.0 (0 ⁄ 26) 0.0 (0 ⁄ 84) 0.0 (0 ⁄ 66) 0.0 (0 ⁄ 333)

SBP (mmHg) 57.6 (15 ⁄ 26) 11.9 (10 ⁄ 84) 80.3 (53 ⁄ 66) 24.0 (80 ⁄ 333)

DBP (mmHg) 34.6 (9 ⁄ 26) 10.7 (9 ⁄ 84) 31.8 (21 ⁄ 66) 6.9 (23 ⁄ 333)

Triglycerides (mg ⁄ dl) 42.3 (11 ⁄ 26) 1.2 (1 ⁄ 84) 9.1 (6 ⁄ 66) 1.5 (5 ⁄ 333)

HDL-cholesterol (mg ⁄ dl) 3.8 (1 ⁄ 26) 1.2 (1 ⁄ 84) 25.8 (17 ⁄ 66) 4.2 (14 ⁄ 333)

Total-cholesterol (mg ⁄ dl) 15.4 (4 ⁄ 26) 4.8 (4 ⁄ 84) 10.6 (7 ⁄ 66) 3.3 (11 ⁄ 333)

LDL-cholesterol (mg ⁄ dl) 3.8 (1 ⁄ 26) 1.2 (1 ⁄ 84) 18.1 (12 ⁄ 66) 2.4 (8 ⁄ 333)

MS, metabolic syndrome; %, prevalence of subjects; f, frequency of subjects; BMI, body mass index; HOMA-IR, homeostasis model

assessment of insulin resistance; FPG, fasting plasma glucose; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL, high-

density lipoprotein; LDL, low-density lipoprotein.

Table 3 Distribution of the frequency of cardiovascular risk factors of the entire study group categorised according to

BMI z-scores

Group I: < 2.49

(n = 84)

Group II: 2.50–2.99

(n = 159)

Group III: 3.00–3.49

(n = 182)

Group IV: > 3.50

(n = 85) p-value

BMI z-score 2.2 ± 0.2 2.7 ± 0.1 3.2 ± 0.1 3.7 ± 0.3 0.001

MS (+) 8 (9.5%) 18 (11.3%) 39 (21.4%) 27 (31.8%) 0.001

Insulin (llU ⁄ ml) 5 (6.0%) 29 (18.2%) 40 (22.0%) 29 (34.1%) 0.001

HOMA-IR 10 (11.9%) 40 (25.2%) 65 (35.7%) 40 (47.1%) 0.001

FPG (mg ⁄ dl) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0.995

SBP (mmHg) 12 (14.3%) 45 (28.3%) 62 (34.1%) 39 (45.9%) 0.001

DBP (mmHg) 5 (6.0%) 15 (9.4%) 24 (13.2%) 18 (21.2%) 0.031

Triglycerides (mg ⁄ dl) 5 (6.0%) 4 (2.5%) 10 (5.5%) 4 (4.7%) 0.102

HDL-cholesterol (mg ⁄ dl) 4 (4.8%) 6 (3.8%) 16 (8.8%) 7 (8.2%) 0.031

Total-cholesterol (mg ⁄ dl) 7 (8.3%) 4 (2.5%) 12 (6.6%) 4 (4.7%) 0.081

LDL-cholesterol (mg ⁄ dl) 4 (4.8%) 3 (1.9%) 13 (7.1%) 2 (2.4%) 0.083

BMI values are average ± SD. BMI, body mass index; MS (+), subjects with metabolic syndrome; %, prevalence of subjects; HOMA-IR,

homeostasis model assessment of insulin resistance; FPG, fasting plasma glucose; SBP, systolic blood pressure; DBP, diastolic blood

pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein.
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the increase of BMI z-score. Apart from obesity

(which was an inclusion criteria for the admission to

the present study), the most frequently altered

parameters were HOMA-IR and SBP in all the classes

of BMI z-score.

Discussion

The estimated MS prevalence has been reported to

range from 5% to more than 40% in obese adoles-

cents from different countries (27). To date, few

studies have compared the MS prevalence between

age-, gender- and BMI z-score-matched subgroups

from different populations using comparable criteria.

The main findings of the present study were the

different MS prevalence (23.6% vs. 16.5%,

p < 0.001) and the different risk factors prevalence

in Brazilian vs. Italian obese adolescents, both in

males and females. In relation to the MS risk factors,

insulin, HOMA-IR, FPG and TG were significantly

higher in Brazilian than in Italian adolescents, while

LDL-cholesterol and SBP were significantly lower in

Brazilian than in Italian adolescents, in both genders

(Table 1).This result confirms the notion that preva-

lence and risk factors of MS represents a serious and

common problem in obese adolescents of different

countries, progressively reaching the dramatic preva-

lence observed in US adolescents according to Weiss

et al. (9) who observed that overall prevalence of MS

was 38.4% in moderately obese and was 49.7% in

severely obese children and adolescents. It is interest-

ing to notice that the prevalence of MS risk factors

are markedly heterogeneous in the two countries,

probably reflecting dissimilar genetic environment,

social and economical conditions, and dietary habits.

As far as the impact of gender on MS prevalence

is concerned, there are several studies describing its

impact on MS during pubertal development

(18,23,28–30). In the present study, anthropometrics

variables (body mass, stature and BMI z-score), insu-

lin, HOMA-IR, FPG, SBP and TG were significantly

higher in boys than in girls, both in Brazilian and

Italian adolescents, while HDL-cholesterol levels were

lower in boys than in girls (Table 1).

In this way, MS prevalence was higher in Brazilian

than in Italian obese boys (34.8 vs. 23.6%,

p < 0.001) and girls (15.6 vs. 12.5%, p < 0.01), the

difference resulting more evident in males (Table 1).

This observation is in line with previous studies

(9,23,29,31,32), reporting a greater prevalence of MS

in male compared with female children and adoles-

cents. Our results illustrate a considerable difference

in the prevalence of single risk factors between Bra-

zilian and Italian populations, which may possibly

contribute in different ways to healthy outcomes.

The most frequently altered parameter was

HOMA-IR in the two populations (Table 2), both

in adolescents with MS (100% in Brazilian vs.

81.8% in Italian adolescents) and in those without

MS (42.9% vs. 11.7%). The second altered parame-

ter in the order of prevalence differed between the

two subgroups (both in adolescents with MS and

without MS), being insulin in Brazilian and SBP in

Italian adolescents. This finding confirms the

results obtained in a recent study by our group

performed in Brazilian obese adolescents, reporting

an increased prevalence of insulin resistance

(HOMA-IR) (31).

Several studies reported that MS prevalence is sig-

nificantly higher in postpubertal than in prepubertal

adolescents of both genders (23,28,33), probably as

the result of a different clustering of the different risk

factors. The criteria for the definition of MS used in

the present study was adequately adjusted for the

postpubertal stage (23), trying to find a compromise

solution which was the most appropriate for the two

populations (34) taking into account that, to our

knowledge, no single nation-specific criteria for MS

definition in adolescence is available to date.

Previous studies underlined the relationships

between MS prevalence and the degree of obesity in

both African American and Caucasian adolescents

(35). Weiss et al. (9) reported that the risk of MS

among obese children and adolescents increased by

50% with a 0.5-unit increment in the BMI z-score.

Similarly in the present study, MS prevalence was

significantly higher in adolescents with higher BMI

z-score, the prevalence increasing from 9.5% (BMI

z-score: < 2.49) up to 31.8% (BMI z-score: > 3.5)

(Table 3). In line with this pattern, risk factors prev-

alence also increased in parallel to the increasing

severity of obesity, thus contributing the central role

of obesity-related abnormalities in the development

of the paediatric MS.

As far as the mechanisms underlying MS patho-

physiology is concerned, insulin resistance appears to

be a critical component (in association with the

severity of obesity) in determining the MS in adoles-

cence. Although the role of insulin resistance still

remains to be completely elucidated, several authors

(36–38) hypothesised that insulin resistance was the

main responsible factor for the underlying abnormal-

ities of the syndrome. Apart from obesity (which was

an inclusion criteria of the present study), HOMA-

IR was actually the most frequent altered parameter

related to the development of MS in Brazilian and

Italian adolescents (Table 2). Although obesity and

insulin resistance may be different potential patho-

genic pathways in the aetiology of MS, their respec-

tive role remains difficult to identify (36).
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It is noteworthy that the second altered parameter

was systolic BP in Italian obese adolescents, confirm-

ing the strict relationships between BP and HOMA-

IR already observed in previous studies (36,38,39). A

possible limitation in interpreting the results of the

present study could be the different composition of

the two subgroups as far as food intake, social and

cultural levels are concerned.

The eating habits of adolescents, although not

explored in this study, could be considerably differ-

ent among the subgroups and in spite of a similar

level of obesity, might play a role in the different

prevalence of the single abnormalities contribute to

the MS. In fact, it is currently reported that the

Mediterranean diet, likely followed by the Italian

group has a favourable impact on cardiovascular

health and a lower prevalence of the MS (40).

As far as social and cultural levels of the families

where the adolescents lived and their median level of

physical activity are concerned, no significant differ-

ences were present between the two subgroups. By

contrast, the contribution of the different race-

related genetic susceptibilities in Brazilian adolescents

represents a possible confounding factor in the analy-

sis of this heterogeneous population.

Further additional studies are requested to identify

the associations between the different components of

MS in different study populations, to provide infor-

mation useful to better understand the clustering of

the MS components and the possibilities for long-

term effective multidisciplinary treatments in obese

adolescents, according to our previous study that

observed beneficial effects of this kind of therapy in

obese adolescents (31).

In conclusion, MS represents a worldwide emerg-

ing health problem in different ethnical populations,

the alterations of the risk factors related to MS (dif-

ferent in their prevalence between different sub-

groups) being strictly linked to the degree of obesity.

Acknowledgements

The authors acknowledge CAPES (Brazil), Federal

University of São Paulo and Italian Institute for Aux-

ology for the support to the scientific co-operation

between our countries and institutions. This study

would not have been possible without the commit-

ment of the adolescents, their parents, our Brazilian

and Italian investigators and Italian nursing teams.

Funding

CAPES, AFIP, FAPESP (CEPID ⁄ Sleep #9814303-3

S.T. and 2006#00684-3A.R.D.), CNPq, CENESP,

FADA and UNIFESP supported the Research per-

formed in Brazil by CEPE-GEO – Multidisciplinary

Obesity Intervention Program. The Italian study was

supported by Progetti di Ricerca Corrente, Italian

Institute for Auxology, Milan.

Authors contributions

Guarantors: A. Sartorio and A. R. Dâmaso. Contrib-
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