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ABSTRACT 

To evaluate the relationship between measures of body composition in obese adolescents by the methods of bioelectri- 
cal impedance analysis, deuterium oxide dilution and anthropometric measures, proposing an equation. The variables 
were weight, height, BMI, triceps and subscapular skinfold thickness, waist and arm muscle circumference, lean body 
mass, fat mass and total body water by bioelectrical impedance and deuterium oxide dilution methods. The study included 
40 obese adolescents, 45% male, age distribution was 2.42 ± 1.19 years and females 55%, and the predominant age was 
12.61 ± 1.78. Linear regression equations were developed, capable of predicting body composition from information 
supplied by the method of deuterium oxide dilution (gold standard), bioelectrical impedance and anthropometry. The 
variables gender, age, height, arm circumference, triceps and suprailiac skin fold thickness, resistance and reactance 
were used to estimate lean body mass, fat mass and total body water by the method of deuterium and significantly corre- 
lated with variables, resistance, reactance, sex and total body water (TBW) by bioimpedance method. Among the equa- 
tions developed, five were suitable for this sample, therefore, it is suggested that more studies should be done to test the 
applicability of the equations in other samples so that we can validate the equations encountered in obese adolescents. 
 
Keywords: Anthropometry; Bioelectrical Impedance Analysis; Deuterium Oxide Dilution; Obese Adolescents; Linear 

Regression Equation 

1. Introduction 

Overweight in childhood and adolescence has increased 
in our country due to changes in lifestyle, such as seden- 
tary lifestyle and consumption of unhealthy foods [1]. 
Obesity is a chronic disease and interrelated directly or 
indirectly with other pathological conditions [2], and 
among its complications stands those related to metabolic 
syndrome [3,4]. 

The prevalence of Brazilian adolescents who are over- 
weight is 16.7%, being more common in boys than in 
girls, and the South region has the highest rate in the 
country [5]. The changes in the cardiovascular system 
were investigated in young children in Curitiba and  

found that the obese have higher rates of blood pressure, 
dyslipidemia and insulin resistance, compared to non- 
obese [6]. 

Obesity is the result of excess fatty tissue and, unfor- 
tunately, accurate measurement of total body fat requires 
sophisticated methods and they are often expensive and 
have limited applicability in clinical practice [7]. 

The World Health Organization (WHO) suggests us- 
ing the Body Mass Index (BMI) to screen for overweight 
and obese adolescents because it is well correlated with 
body fat, easily accessible, benchmarks for comparison 
and also allow a continuous criteria that can be used for 
evaluation when adults. In fact, BMI is an index to 
measure overweight and not body fat, so the argument *Corresponding author. 
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goes around its predictive ability in identifying youths 
with high body fat [8]. 

At the same time it has been evident in recent studies 
that the use of bioelectrical impedance analysis (BIA), an 
easy handling, cheap and practical to be applied in as- 
sessing the body composition of children, requires that 
the specific prediction formulas have to be different from 
those established for adults [4,5-10]. Equations were de- 
veloped for the prediction of lean mass [4,7-10] and total 
body water [5,6,10]. BIA also could be an easy method, 
suitable for body composition assessment of obese chil- 
dren, but currently this is not possible due to lack of valid 
equations for the obese population. 

In drawing up these equations, it is necessary to use 
methods such as deuterium dilution, considered a refer- 
ence technique, safe and well established, a gold standard 
method for assessing body water compartments, even in 
childhood [11]. 

Therefore studies using reference methods for devel- 
oping mathematical models to estimate body composi- 
tion in obese adolescents are needed and scarce. Thereby 
this study aims to evaluate the relationship between 
measures of body composition in obese adolescents by 
anthropometric, bioelectrical impedance and deuterium 
oxide dilution, proposing an equation. 

2. Materials and Methods 

Adolescents were selected from the Community and So- 
cial Center of Vila Lobato HCFMRP/USP, Ribeirão Preto, 
assessed by anthropometry and body composition by bio- 
electrical impedance method and the method of deute- 
rium oxide. The study was in accordance with the ethics 
Committee on Human Research (HCRP in 11227/2006). 
Informed written consent was obtained from parents and, 
when necessary, details on explanation about the study. 

2.1. Anthropometry 

Weight and height were evaluated according to the 
method of Heymsfield et al. (1994) [12] by a nutritionist, 
who was trained to take all necessary measures. The ref- 
erence data used for the classification of nutritional status 
was BMI percentile for age greater than 97 according to 
WHO data, 2007 indicative of obesity [13]. 

The skinfolds were measured using Lange skinfold® 
Skinfold Caliper (Beta Technology Incorporated Cam- 
bridge, Maryland). Each measure was conducted three 
times being considered the average value of the three 
measurements. The triceps skinfold and subscapular 
skinfold were measured according to techniques de- 
scribed by Lohman, Roche and Martorell (1991) [14]. 
The classification of skinfold thickness was evaluated for 
the percentile values for age and sex as described by Fri- 

sancho (1990) [15]. The cutoff points for normal upper 
and lower percentiles were 5 and 85, respectively. 

2.2. Bioelectrical Impedance Analysis 

The patient assumed the dorsal decubitus position, skin 
was cleaned with alcohol and were placed four surface 
electrodes. Two in the back of the hand, the distal elec- 
trode glued to the base of the middle finger and the 
proximal electrode glued to coincide with the styloid 
process. Two electrodes were placed on the instep, the 
distal electrode was pasted on the base of the middle fin- 
ger and the proximal electrode between the medial and 
lateral malleolus [16]. The estimation of body composi- 
tion was performed by applying an electric current of low 
intensity (800 mA) and fixed frequency of 50 kHz [17] 
and then obtained the values of resistance and reactance. 
To determine the body composition an equation in the 
program of the QUADSCAN 4000 unit was used and the 
equipment BODYSTAT® 1500 especially suitable for 
ages 6 to 17 years, with the equation proposed by Hout- 
kooper et al. (1992) [10] to estimate fat-free mass in chil- 
dren and adolescents. 

  
 

2FFM 1.31 0.61 height cm resistance

0.25 weight kg

  

 
 

2.3. Deuterium Dilution Method 

Immediately after the anthropometric measures and BIA, 
saliva collection started and deuterium oxide was offered, 
making sure that the examinations were made at the same 
time and under the same conditions, therefore, the hydra-
tion status was unchanged in all measurements used in 
this study [18]. 

Three samples of saliva were collected: a baseline 
sample, before intake of the dose, the second sample was 
taken two hours after ingestion of the dose and the third 
and final sample, three hours after ingesting the dose. 
The saliva collection was done through the salivation of 
the patient in a plastic cup until it reaches the amount of 
two milliliters. The samples were immediately transported 
to cryovials with PP screw cap, through a disposable sy- 
ringe and wrapped with parafilm, thus allowing the best 
seal for each sample, avoiding possible evaporation losses 
during handling of vials, and avoiding contamination 
crossed between samples during the storage period [19]. 

Before receiving the isotope, each juvenile was 
weighed and the doses were calculated using the ratio of 
one gram of deuterium to one kilogram of body weight 
[17,19]. To avoid losses after the patient had swallowed 
the entire contents of the glass, he or she was asked to 
rinse to ingest residues of the dose which by chance was 
in the mouth. 
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After ingestion of the doses, the saliva was stored in a 
freezer with temperature −20˚C [1,20], analyzed for en- 
richment of deuterium (2H), using a Mass Spectrometer 
calibrated against Vienna Standard Mean Ocean Water 
(VSMOW) and 302A and 302B of the International 
Atomic Energy Agency (IAEA). The total body water 
was calculated at T0 (baseline) and Tequ (3 h), using a 
correction factor of 4% considering the exchange 2H2O 
with the labile H of proteins and other body constitu- 
ents. 

2.4. Statistical Analysis 

A descriptive analysis of data was first conducted. The 
t-test (p < 0.05) of average comparison was performed 
between measures of body composition (BIA), deuterium, 
waist circumference, skinfold thickness, weight, height, 
age and BMI. 

We used the concordance coefficient, introduced by St. 
Laurent (1998) [21], for continuous variables since has 
been considered adequate to evaluate the concordance. 
Using the software SAS 9.1, the coefficients and their 
95% confidence intervals were calculated, via bootstrap 
method. To formulate the equation of estimating body 
composition prepared from a gold standard (deuterium 
oxide dilution) using direct measurements such as cir- 
cumference, skinfold thickness measurements and BIA 
statistical method of multiple linear regressions was used 

(GLM SAS 9.1 software) [22] This method consists of 
adjusting a function to the set of points defined by quan- 
titative variables so that the distance between the func- 
tion and the points are minimal. 

The first step of this method is the study of covariance 
and correlation to identify whether there is a relationship 
between variables. The relationship between two vari- 
ables will be represented by a function (y = a + bx). 

The second step is to obtain an equation that represents 
the function of causality between two variables, per- 
forming a curve fit to existing data.Multiple linear re-
gression includes the same process as a function of more 
than two dependent variables [23]. 

3. Results 

The study included 40 obese adolescents, 45% male, age 
distribution was 2.42 ± 1.19 years and females 55%, and 
the predominant age was 12.61 ± 1.78 and these were 
submitted to anthropometric evaluation and body com- 
position analysis by bioelectrical impedance method and 
by dilution of deuterium oxide. 

Regarding the distribution of adolescents according to 
sexual maturation, we observed that both males and fe- 
males were in stage three of Tanner [24]. 

Tables 1-3 have the descriptions of the variables by 
the anthropometric method, bioelectrical impedance and 
deuterium oxide dilution according to sex and variables. 

 
Table 1. Anthropometric characterization of the study group by gender. Ribeirão Preto-SP, 2011. 

Gender N Variable Minimum 1st Quartile Median 3rd Quartile Maximum 

F 24 BMI (Kg/m2) 29.5 30.0 30.4 30.4 30.5 

  Age (years) 11.00 11.50 13.00 13.00 14.00 

  Height (cm) 142.00 153.00 154.00 156.50 171.00 

  Weight (Kg) 60.30 65.10 70.30 76.05 83.10 

  Triceps Skinfold (mm) 14.50 15.00 17.00 18.50 27.00 

  Subscapular Skinfold (mm) 16.00 20.00 28.75 34.00 41.00 

  WC (cm) 71.30 78.85 81.25 87.75 96.50 

  Arm Muscle Circumference (cm) 8.71 10.07 10.31 10.49 11.52 

M 16 BMI (Kg/m2) 29.6 30.1 30.7 30.8 31.1 

  Age (years) 10.00 12.00 13.00 14.00 15.00 

  Height (cm) 141.00 152.50 155.50 158.00 167.00 

  Weight (Kg) 60.10 67.25 70.10 75.85 81.20 

  Triceps Skinfold (mm) 14.00 16.00 18.25 21.00 26.00 

  Subscapular Skinfold (mm) 19.00 25.00 27.00 29.00 34.00 

  WC (cm) 69.10 77.75 78.85 84.20 97.10 

  Arm Muscle Circumference (cm) 0.63 9.40 10.25 10.68 11.21 

BMI—body mass index; WC—waist circumference; AMC = arm muscle circumference. 
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Table 2. Characterization of the bioelectrical impedance method in the study group by gender. Ribeirão Preto-SP, 2011. 

Gender N Variable Minimum 1st Quartile Median 3rd Quartile Maximum 

F 24 LMBIA (Kg) 22.40 33.40 38.85 45.45 52.10 

  FMBIA (Kg) 26.80 28.90 31.50 35.65 37.90 

  TBWBIA (%) 68.30 71.35 72.65 74.40 76.50 

  Resistence 269.37 284.21 297.62 335.54 391.34 

  Reactance 30.59 32.28 33.80 38.11 44.44 

M 16 LMBIA (Kg) 19.10 31.35 37.55 43.30 52.40 

  FMBIA (Kg) 25.80 30.05 33.90 37.20 41.00 

  TBWBIA (%) 63.30 69.25 72.15 72.90 75.60 

  Resistence 269.84 284.21 289.62 323.29 350.37 

  Reactance 30.64 32.28 32.89 36.72 39.79 

LMBIA% = lean body mass by the method by bioimpedance; FMBIA% = fat mass by the method by bioimpedance; TBWBIA = body water by bioimpedance 
method. 

 
Table 3. Characterization of the method of deuterium oxide dilution in the study group by gender. Ribeirão Preto-SP, 2011. 

Gender N Variable Minimum 1st Quartile Median 3rd Quartile Maximum 

F 24 LMDEU (Kg) 35.30 42.60 47.30 49.50 59.80 

  FMDEU (Kg) 16.60 20.10 21.40 26.05 40.00 

  TBWDEU (%) 54.90 61.20 65.90 69.95 75.90 

M 16 LMDEU (Kg) 40.70 46.55 49.45 55.65 64.80 

  FMDEU (Kg) 13.10 18.20 18.95 22.75 27.80 

  TBWDEU (%) 54.90 59.20 61.20 67.85 76.00 

LMDEU% = lean body mass by the method of deuterium; FMDEU% = fat mass by the method of deuterium; TBWDEU% = body water by the method of 
deuterium. 

 
Figure 1 shows the graphs of points for the anthro- 

pometric measurements (skinfold thickness), bioelectric- 
cal impedance and deuterium, and the concordance coef- 
ficients of St. Laurent—CCSL (ranging between 0 and 1), 
their respective ranges 95% confidence, and the coeffi- 
cient of determination (R2). The closer to 1, a greater 
concordance between the methods. According to the 
findings, we need to verify, using the linear regression 
equation, the possibility of predicting body composition 
measurements supplied by the method of dilution of 
deuterium oxide (gold standard), from measurements of 
BIA and anthropometry using the variables sex, age, 
height, arm, and triceps and suprailiac skinfold thickness, 
resistance and reactance to estimate lean body mass, fat 
mass and total body water, as shown in Table 4. 

From these results, five equations were considered fa-
vorable to estimate lean body mass, fat mass and total 
body water by the method of deuterium, as shown in Ta-
ble 5. 

4. Discussion 

Obesity is a complex and multifactorial disease that in-
volves the interaction of metabolic, physiological, be-
havioral and social variables. Among environmental fac-
tors, the highlights are for the poor dietary habits and 
sedentary lifestyles [25,26]. 

In this study, in relation to pubertal stage, 57.5% of 
female adolescents and 40.0% of male patients met the 
three Tanner stage, characterized by the onset of pubertal 
development and none was in stage five, indicating that 
most have not completed the growth spurt. 

According to Siervogel et al. (2003) [22], changes in 
body composition occur during puberty in both sexes. In 
this period there is rapid increase in body fat, although 
this increase is slower in males, being that overcome by 
lean body mass. These changes are justified because of 
increased energy requirements in adolescents associated 
with changes in body composition. 

In relation to waist circumference, the overall average  
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Figure 1. Relation of coefficient of correlation between the Lean Mass DEU (kg) with Lean Mass BIA (kg), Fat Mass DEU 
(Kg) with Fat Mass BIA (kg) also the TBWDEU (%) and TBWBIA (%) of adolescents in the Community and Social Center 
of Vila Lobato HCFMRP/HCFMRP USP/USP, from July 2008 to May 2009. Ribeirão Preto, 2010. 
 
of 81.25 cm was found and there was no statistically sig- 
nificant difference between gender p = 0.86) [27]. 

Sudi et al. (2001) [28] evaluated the waist circum- 
ference in obese adolescents, and the average found in 
relation to waist circumference was 89.5 cm for males 
and 87.4 cm for females, being above the 95th percentile. 
Lazzer et al. (2008) [29], studying measures of waist 
circumference in obese adolescents, found average val- 
ues equal to 111 cm for both girls and boys. The authors 
also found no significant difference between the sexes. 

Lazzer et al. (2008) [29] studied 58 obese adolescents 
aged between 10 and 17 years (27 males and 31 females) 
and found BMI values similar to ours. The averages for 
females and males were also equal to 36.2 kg/m2 and 
32.2 kg/m2, respectively, without statistical differences. 

Considering that the individuals studied are in the 
process of sexual maturation, and that this fact can in- 

fluence the interpretation of BMI as an indicator of risk 
of overweight and obesity, several authors claim that, in 
boys, BMI increases while the fat mass decreases in the 
final stages of maturation, indicating that male adoles-
cents increased BMI because of lean muscle mass. In 
girls, there is an increase in BMI rise as the stages of 
maturation, but also increases the percentage of body fat, 
indicating that increased BMI is due to the increase in fat 
stores [2,30]. This fact could be justifying the values 
found in this study, in other words, a larger amount of fat 
found in females when compared to males. 

By assessing the body composition by BIA in relation 
to variables, lean body mass, fat mass and percentage of 
total body water, there was no statistically significant 
difference between the sexes in relation to lean body 
mass (p = 0.95), mass body fat (p = 0.96) and total body 
water (p = 0.36).        
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Table 4. Equations for estimating body composition by the method of dilution of deuterium oxide using measures of anthro-
pometry and bioimpedance. Ribeirão Preto-SP, 2011. 

Equation Number Equation type 

1 LMDEU% = 65.11 − 0.008(Re) + 4.54(gender) 

2 LMDEU% = 65.39 − 0.08(Reactance) + 4.53(gender) 

3 LMDEU% = 69.58 − 0.66(AMC) + 4.17(gender) 

4 LMDEU% = 43.58 + 0.29(LMskinfold%) + 4.46(gender) 

5 LMDEU% = 57.59 + 0.09(LMBIA%) + 4.8(gender) 

6 LMDEU% = 52.87 + 1.67(Age) − 1.02(AMC) + 3.55(gender) 

7 
LMDEU% = 42.63 + 2.62(Age) − 0.19(Height) + 0.69(LMBIA%) − 0.73(LMBIAKg)1.47(AMC)  
+ 0.96(Resistence)8.71(Reactance) + 0.18(LMskinfold%) + 0.41(LMSkinfoldKg) + 3.26(gender) 

8 LMDEU% = 52.87 + 1.67(Age) − 1.02(AMC) + 3.55(gender) 

9 FMDEU% = 70.78 + 0.18(Somad) − 4.55(gender) 

10 FMDEU% = 72.63 + 0.29(FMPre%) − 4.43(gender) 

11 FMDEU% = 66.14 + 0.09(FMBIA%) − 4.77(gender) 

12 FMDEU% = 59.72 + 0.19(WC) − 1.52(Age) − 3.96(gender) 

13 
FMDEU% = 81.931.93(Age)0.07(Height) + 1.27(FMBIA%)1.40(FMBIAKg) + 0.86(somad) + 0.38(WC)0.19(Resistence) 
+ 1.77(Reactance) − 3.10(FMskinfold%) + 3.08(FMskinfoldKg) − 4.69 (gender) 

14 FMDEU% = 65.11 + 0.009(Re) − 4.5(gender) 

15 FMDEU% = 65.39 + 0.08(Reactance) − 4.5(gender) 

16 TBWDEU% = 165.96 − 0.38(Age) − 0.31(Height) − 0.70(TBWBIA%) + 0.95(Resistence)8.21 (Reactance) − 3.08 

17 TBWDEU% = 146.65 – 0.55(TBWBIA%) – 0.27(Height) 

18 TBWDEU% = 101.95 − 0.52(TBWBIA%) 

LMDEU% = lean body mass by the method of deuterium; FMDEU% = fat mass by the method of deuterium; Re = resistance (Ω); TBWDEU% = body water 
by the method of deuterium; TBWBIA = body water by bioimpedance method; LMskinfold% = lean mass by skinfolds; Somad = sum of skinfold thickness; 
FMskinfold% = fat mass by skinfolds; WC = waist circumference; AMC = arm muscle circumference. 
 
Table 5. Equations for estimating body composition by the method of dilution of deuterium oxide measurements using bio-
electrical impedance. Ribeirão Preto-SP, 2011. 

Equation Number Equation 

1 LMDEU% = 65.11 − 0.008(Re ) + 4.54(gender) 

2 LMDEU% = 65.39 − 0.08(Reactance) + 4.53(gender) 

3 FMDEU% = 65.11 + 0.009(Re) − 4.5(gender) 

4 FMDEU% = 65.39 + 0.08(Reactance) − 4.5(gender) 

5 TBWDEU% = 101.95 − 0.52(TBWBIA%) 

LMDEU =% lean mass by the method of deuterium; FMDEU% = fat mass by the method of deuterium; Re = resistance (Ω); TBWDEU% = body water by the 
method of deuterium; TBWBIA = body water by bioimpedance method. 

 
Eisenkölbl, Kartasurya e Widhalm (2001) [31], stud- 

ying children and adolescents with average BMI equal to 
32.3 kg/m2 for boys and 30.14 kg/m2 for girls found fat 
mass assessed by BIA equal to 32.21% for males and 
38.48% for females, higher values to those found in our 
results. 

The BIA is a noninvasive safe method and it is por- 

table, and is widely used to estimate body composition 
[31,32]. It is well established the importance in relation 
to the definition of body composition to assess and mo- 
nitor obesity. However, several factors limit its use in 
obese adolescents [33]. The prediction equations devel- 
oped for normal individuals, generally overestimates the 
lean body mass in extremely obese adults [31]. 

Copyright © 2013 SciRes.                                                                                  FNS 
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In relation to body composition assessed by dilution of 
deuterium oxide, considering variables, lean body mass, 
fat mass and total body water, there was no statistically 
significant difference between the sexes. 

The average body fat found in our study through the 
method of dilution of deuterium oxide was 22.75% for 
males and 26.05% for females. Above referenced Fomon 
et al. (1982) [34] for children and healthy adolescents 10 
years old with 13.7% body fat for boys and 19.4% body 
fat for girls. 

The deuterium dilution method has brought in recent 
years, valuable information in relation to body compo- 
sition, contributing to the systematic understanding of 
nutritional conditions in different scenarios, particularly 
in the pediatrics [35]. 

The results obtained by the BIA, when compared with 
data from the method of dilution of deuterium oxide, 
showed a weak correlation for the variables lean body 
mass and total body water and a strong correlation to 
body fat mass. This result indicates that we can use bio- 
electrical impedance analysis with the formula Hout- 
kooper et al. (1992) [10] to assess body fat mass of obese 
adolescents in this study, however, despite good correla- 
tion, after the agreement analysis (Figure 1), we find that 
this concordance was not close to 1 and thus, even the 
formula Houtkooper et al. (1992) [10], widely used in 
pediatrics to assess body composition determined by BIA, 
was not efficient to predict the real value of decomposing 
body in adolescents obese. 

Kushner and Schoeller (1986) [36], compared the 
TBW assessed by BIA with TBW measured by dilution 
of deuterium oxide in 58 adult subjects. The authors con- 
cluded that the BIA has proved an accurate method for 
predicting body water obtained by dilution of deuterium 
oxide by means of multiple regression equations. 

There are studies in literature that were designed to 
predict total body water determined by deuterium diluted 
in the eutrophic children and adolescents [6] and obese 
ones [3,37] using measurements provided by the BIA, 
through equations. These studies used values of resis- 
tance indices (height2/resistance), age, weight and body 
surface/body impedance adjustment of the regression 
model. This study differs from these studies due to the 
adjustment variables included in the regression model, 
there is no work in the literature that used the same vari- 
ables. 

Table 5 presents the 17 equations developed, but the 
variables, sex, age, height, arm, triceps and suprailiac 
skinfold thickness, resistance and reactance, were used to 
estimate lean body mass, fat mass and total body water 
by method of deuterium and significantly correlated with 
the variable resistance, reactance, sex and total body wa- 
ter by bioimpedance method. And from these equations, 

only five formulas have been suggested, using the me- 
thod of electric bioimpedance to assess body composition 
of obese adolescents. 

Finally, several studies have shown that anthropomet- 
ric measures such as weight, height and skinfold thick-
ness are not applicable to assess body composition. We 
noticed the need of a viable method for assessing body 
composition in clinical practice for better monitoring the 
obese adolescents. The BIA is a simple method and its 
results are delivered quickly, but you need to adjust spe- 
cific formulas for assessing children and adolescents, 
especially when it comes to obesity. Therefore the for- 
mulas suggested in this study could assist health profess- 
sionals in the assessment of body composition in obese 
adolescents, not limited to body mass index, a criterion 
that does not measure body fat and lean mass. But it is 
not appropriate to extrapolate these equations outside the 
context of the data. In other words, while the linear re- 
gression models were adjusted well, it is necessary to 
validate the applicability of these formulas and possibly 
include other important variables in the model, pubertal 
stage for both will require a multiple regression analysis 
and also a bigger sample size. 

5. Conclusions 

This work was possible the construction of the linear 
regression equations, through measures of body com- 
position provided by the method to dilution of deuterium 
oxide (gold standard) and by BIA, considering that the 
equation will be used only in obese adolescents belong-
ing to the region of Social Center of Vila Lobato-RP and 
which are within the minimum and maximum values for 
lean body mass, fat mass and total body water of this 
population. 

The equations developed were suitable for this sample, 
therefore, suggests that other studies test the applicability 
of the equations in other samples so that we can validate 
the equations encountered in obese adolescents. 
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