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Abstract:  

Objective: This study aimed to evaluate the predictive power of anthropometric indices for the diagnosis of 

high fat mass in female adolescents. 

Subjects/Methods: This is a cross-sectional study with a sample of 233 students female, aged 10–19 years, 

from 16 public schools of São Luís (Maranhão State, Brazil). The following indicators were assessed: body 

mass index (BMI), waist circumference (WC), conicity index (C-index), and the waist-to-height ratio (WHtR). 

The percentage of body fat was estimated using a bioimpedance device quadruple model. The cut-off points 

used in the excess 10 body fat classification were established by Lohman et al., was used as the reference 

method in the analysis Curve ROC. Descriptive analyses, Student’s t test for independent samples, Mann -

Whitney U test and Person correlation coefficient were used for data analysis.  

Results: BMI presented the largest areas under the ROC curve (ROC area = 0.87) in the prediction of excess 

body fat. The BMI anthropometric indicator showed the highest correlation with body fat percentage (r=0.69) 

compared to the other studied indicators. 

Conclusion: In this context, the BMI proved to be the best predictor of high body fat in the evaluated sample.  

Keywords: Anthropometry, body fat, Obesity, Adolescents.
 

Abbreviations: body mass index –BMI, Waist circumference – WC, Conicity index - C-index, Waist-to-height 

ratio - WHtR

 

1. INTRODUCTION 

Obesity results from a chronic imbalance between caloric intake and energy expenditure, the 

prevalence of obesity has been increasing worldwide for the past 30 years, possibly because of 

increased caloric intake and decreased physical activity.
[1]

 The increasing prevalence of pediatric 

obesity may be problematic because not only it increases the prevalence of, but also it can advance the 

age of onset of obesity-related chronic diseases such as type2 diabetes and cardiovascular 

diseases.
[1]

Anthropometry is widely used in the assessment of children and adolescent nutritional 

status. It shows sing a number of advantages:  it is non-invasive, it is easy to perform at low cost, and 

it can be applied in a large number of individuals, when compared to other methods such as 

hydrostatic weighing and dual x-ray absorptiometry –DEXA.
 [2]

The body mass index (BMI) is one of 

the most used anthropometric indicators because it is safe, easy to apply at a low cost and identifies 

the nutritional status of children and adolescents.
[3]

It is also used as a method for obesity screening 

and health risk assessment.
 [4]

 It is recognized as a predictor of morbidity and mortality of several 

chronic non-communicable diseases (CND)
[5]

 and in epidemiological studies, it is used to identify 

general fat. 
[6] 

Waist circumference (WC) is an indicator of abdominal adiposity, which is often 
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associated with the same obesity-related risk factors. 
[7] 

It can be used as an instrument to identify 

adolescents who are more likely to have cardiovascular risk factors. 
[8] 

The c index is able to evaluate 

the fat located in the central part of the body, thus becoming a measure which is independent of the 

circumference of the hip, an important aspect in the case of adolescents, due to the bodily variations 

typical of the pubertal phase, besides being an Low cost anthropometric tool of and easy to 

standardize.
[9]

 The Waist-to-Height Ratio (WHtR) is determined by the division of the WC (cm) by 

height (cm), the reasoning is that, for a certain stature, there is an acceptable amount of fat stored in 

the upper body 
[10]

, that is, it considers the proportion of central fat by height of the individual. It has 

been successfully tested in the identification of the main cardiovascular risk factors in pediatric 

population. Anthropometric indicators emerge as simple, easily accessible, and non-invasive measures 

that can diagnose obesity. Thus, the purpose of this study was to assess the predictive power of 

anthropometric indices for the diagnosis of high fat mass in female adolescents.
 

2. METHODS  

2.1. Subjects 

This research was conducted from 2011 to 2014. The sample size was determined by proportion 
[11] 

based on a prevalence of overweight in female adolescents of 4.0% 
[12]

, a suggested outcome 

prevalence of 10%, tolerable error of 5% (type I error), and power of the test of 90% (type II error), 

reaching 184 individuals. With an additional 10% for possible losses or refusals resulted in a sample 

of 202 female adolescents. The sample was obtained from a school population of 16 schools of the 

municipal, state, and federal education systems in the city of São Luís, located in the State of 

Maranhão, Brazil. The schools were randomly chosen and the final sample consisted of 233 female 

adolescents aged 10–19 years. 

The following exclusion criteria were used: pregnant or nursing adolescents, those using contraceptive 

pills or who had not reached menarche, and those with a physical disability that prevented or hindered 

measurements. This study was approved by the Human Research Ethics Committee of the University 

Hospital of the Federal University of Maranhão (Hospital Universitário da Universidade Federal do 

Maranhão – HUUFMA), protocol number 251/11. 

2.2. Measurements 

The measurement of all variables was performed by trained staff to use calibrated equipment. 

Anthropometric measurements including weight, height, and waist measurements were obtained using 

standardized techniques by well-trained researchers. 
[13]

All measurements were performed in 

duplicate, with the mean being considered for data analysis. 

Weight was measured using a digital scale (Seca
®
 803, Hamburg, Germany) with a 0.1 kg resolution, 

height was measured using a portable vertical stadiometer (Seca
®
 213, Hamburg, Germany) with a 1 

mm resolution, and waist circumference was measured using inextensible anthropometric tape with 

0.1 cm resolution (Seca
® 

201, Hamburg, Germany) at the smallest horizontal girth between the costal 

margins and the iliac crest at minimal respiration. 

BMI was calculated for each participant as a ratio of weight divided by height squared (kg/m²) and the 

waist-to-height ratio (WHtR) was calculated by the formula
[14]

: [WC (cm)/height (cm)].The conicity 

index (C-index) was determined by measuring weight, height, and WC, and applying the equation 
[15]

: 

C − index = WC (cm)/0.109 Body weight(kg) Height(m) . 

The percentage of body fat, percentage lean mass and percentage water was estimated using a 

bioimpedance device quadruple model (Maltron
®
, BF-906, Cardiomed/Brazil) according to the 

protocols established in the instrument manual. 

The cut-off points used for excess body fat classification were established by Lohman et al. (1988)
[13]

, 

where values above 25% for girls classified adolescents with excess body fat. This method was also 

used as a reference in the ROC curve analysis. 

2.3. Statistical Analysis  

The SPSS version 19.0 (Statistical Package for the Social Sciences, Chicago, IL, USA) was used for 

database and statistical analysis. The results were expressed as mean, median and standard deviation 

(mean or median ± SD). Normal distribution for the data was tested using the Kolmogorov-Smirnov 
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test. The assessment of the means between the two groups was carried out with the Student’s t-test for 

two independent samples, in the case of normally distributed variables, or Mann-Whitney U-test for 

two independent samples if variables were not normally distributed. The ROC curve analysis was 

performed to evaluate the diagnostic performance of BMI, WC, C-index, and WHtR in detecting fat 

body. The accuracy refers to the ability of BMI, WC, C-index, and WHtR to discriminate adolescents 

with excess body fat from those without excess body fat. Areas under the ROC curve, p-value and 

confidence intervals were determined. The Pearson correlation coefficient was used to assess 

associations between the anthropometric indexes (BMI, WC, HCR, and C-index) and body fat 

percentage. For all tests, statistical significance was established at p-value <0.05. 

3. RESULTS 

Mean, medians and standard deviation of the anthropometric variables of the studied sample are 

described in Table 1. Excess weight adolescents (Overweight + Obese) showed higher values of age, 

BMI, WC, C index, WHtR, lean mass, water and body fat percentage all with p<0.001, in comparison 

to eutrophic adolescents. All anthropometric indicators were able to predict the high body fat in the 

sample (Table 2), but the index with the highest area under the ROC curve was the BMI (ROC area = 

0.87).The Pearson correlation coefficients between the anthropometric variables and body fat 

percentage are shown in Table 3. The BMI anthropometric indicator showed the highest correlation 

with body fat percentage (r=0.69) compared to the other studied indicators. 

Table1. Characteristics of participants stratified by BMI 

 

Variables 

Eutrophic 

(n=134) 

Excess weight 

(n=99) 

 

p-value 

Age (years)
 †b

 15.10 ± 1.97 13.40 ± 2.36 <0.001 

BMI (kg/m²)
†b

 19.61 ± 2.13 25.41 ± 3.15 <0.001 

WC (cm)
 †b

 65.50 ± 6.68 80.00 ± 9.50 <0.001 

C Index
*a

 0.98 ± 0.08 1.04 ± 0.09 <0.001 

WHtR
†b

 0.42 ± 0.04 0.51 ± 0.06 <0.001 

%BF
*a

 25.02 ± 6.8 34.11 ± 5.67 <0.001 

%LM
*a

 36.20 ± 5.64 42.39 ± 6.35 <0.001 

%W
†b

 100.00 ± 11.15 110.00 ± 11.88 <0.001 

Acronyms: BMI- body mass index; WC-waist circumference, CI- conicity index; WHtR- waist-to-height ratio; 

%BF- percentage body fat; %LM - percentage lean mass; %W – percentage  water. 
*
Student’s t test for 

independent variables; 
†
 Mann-Whitney U test; 

a 
values described as mean ± SD (standard deviation); 

b
 values 

described as median ± SD (standard deviation). 

Table2. Area under the ROC curve, sensitivity and specificity of cutoff points according to anthropometric 

indexes 

Anthropometric index Curve ROC (CI 95%) p-value 

BMI (kg/m²) 0.87 (0.82-0.92)* <0.001 

WC (cm) 0.83 (0.78-0.89)* <0.001 

C Index 0.68(0.60-0.75)* <0.001 

WHtR 0.83 (0.77-0.88)* <0.001 

Abbreviations: CI95%, confidence interval; BMI, body mass index; WC, waist circumference; C Index, conicity 

index; WHtR, waist-to-height ratio. *: area under the ROC curve demonstrating discriminatory power for body 

fat (lower limit of CI95%>0.50). 

Table3. Pearson correlation coefficients between anthropometric parameters and body fat percentage 

Variables %BF 

IMC (kg/m²) 0.69
** 

WC (cm) 0.61
** 

C-index 0.31
** 

WHtR 0.62
** 

**
p<0.01 

4. DISCUSSION 

The prevalence of overweight and obesity has to been increasing in the last decades and is related to 

the appearance of several comorbidities such as cardiovascular diseases and metabolic disorders 

(insulinemia, dyslipidemia, among others). There is evidence that 20% of obese children before 
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reaching age five tend to become obese adults and when obesity reaches the adolescent group, the 

proportion increase to 80% .
[16]

 Before this alarming situation, the need for research might and actions 

aimed at changing this panorama is reinforced.
[16]

 

All indicators were able to predict the high body fat (area under the ROC curve>0.5) in the sample 

(Table 3). However, the BMI showed the largest area under the ROC curve (ROC area = 0.87), 

proving to be the best discriminator of body fat. 

Body mass index (BMI) is the index most used to evaluate the nutritional status of adolescents, due to 

its low cost, simplicity and high reproducibility. It is also recommended by the World Health 

Organization for the evaluation of nutritional status in children and adolescents.
[6,17,18,19]

 

In the present study, WC and WHtR showed a similar ability to discriminate the percentage of high 

fat in the adolescent. Studies such as that performed with 1,268 adolescents, aged 15-17 years in 

southern Brazil found that the waist circumference (WC) and WHtR have sufficient similarity to 

discriminate body fat corroborating our results.
[2] 

The WHtR and WC are considered useful to 

identify, among overweight children and adolescents, those with high metabolic and cardiovascular 

risk that can be used to screen groups of risks, along with BMI.  

The C index in relation to the other parameters evaluated was not considered a good predictor of high 

body fat. Pereira e Serrano et al. (2015)
[20]

, in a study performed with girls aged 14-19, observed that 

C index was not a good indicator of body mass and total body fat. Pelegrini et al. (2015)
[2]

found that 

C index had a lower ability to discriminate body fat in adolescents. The C index may not be a good 

anthropometric indicator of fat in the trunk in children and adolescents, probably because the 

relationships between the measures are not good indicators of obesity.
[20]

Furthermore, the distribution 

of body fat differs between genders. The reserve of adipose tissue in women to be accumulates 

predominantly in the gluteo-femoral region, while in men in the central region.
[21]

these changes in 

body composition and distribution of the fat mass (greater in females) and muscle mass (greater in 

males) occur during and after pubertal spurt.
[22] 

These are the result of the reactivation of the neurohormonal mechanisms of the hypothalamic-

pituitary-gonadal axis, which begins with the increase of the gonadotrophic, adrenal and thyroid 

hormones and proceeds with the production of androgens by the testes and estrogens / progesterone 

by the ovaries.
[22] 

The use of valid measures in the evaluation of body composition and the fat distribution pattern is 

necessary in population studies and clinical practice, in order to early identify individuals at risk of 

developing diseases and to assist in the prevention / treatment of obesity.
[20]  

5. CONCLUSION  

In this context, the BMI showed a higher correlation with percentage of body fat for this population. It 

can be used as a low cost screening method and good reproducibility in the assessment of the 

nutritional status of female adolescents. 
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