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Abstract
Overweight is increasing in the adolescent population and became a public health problem in the world. This study aimed to identify the body
adiposity indices (BAI) with the best capacity to predict excess fat tissue and propose cut-off points for them, according to sex and adolescence
period. This is a cross-sectional study. We calculated BMI, conicity index (CI), BAI, body roundness index (BRI), waist:height ratio (WtHR) and
waist:hip ratio. Predictive capacity and cut-off points of adiposity indices were established by ROC (receiver operating characteristic) curves.We
determined AUC-ROC and CI, stratified by sex and adolescence period. The best index to identify excess body fat in 10-13-year-old female
adolescents was the WtHR (AUC= 0·92), like the BAI in girls aged from 14 to 16 years old (AUC= 0·87) and 17 to 19 years old
(AUC= 0·80). In male adolescents aged from 10 to 13 years old and 14 to 16 years old, the best index was the WtHR (AUC= 0·93 and
AUC= 0·8, respectively), like the BAI in boys aged from 17 to 19 years old (AUC= 0·95). The use of indices with specific cut-off points for each
period of adolescence and according to sex is important for the reliable diagnosis of excess body fat. It is advisable to use indices together to
obtain amore accurate assessment. Thus, theWtHR andBAI are reproducible and reliable, with high sensitivity and specificity values, and can be
used together with the BMI.
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Overweight is increasing in the adolescent population and
became a public health issue in Brazil and worldwide(1,2). In
Brazil, from 1974/1975 to 2008/2009, overweight increased from
3·7 % to 21·7 % among males from 10 to 19 years old, and from
7·6 % to 19·4 % among females in the same age range(3). In 2015,
among Brazilian adolescents aged between 13 and 17 years,
23·8 % of the girls and 23·7 % of the boys were overweight(4).
At the global scale, the prevalence of obesity among children
and adolescents aged between 5 and 19 years increased from
0·7 % and 0·9 % in 1975, to 5·6 % and 7·8 % in 2016 in females
and males, respectively(5).

During adolescence, changes occur in body composition that
vary according to sex, age, stage of sexual maturation and environ-
mental factors of each individual(6). The initial period is marked by
growth spurt and appearance of secondary sexual characteristics,

as well as an increase in body fat accumulation, which occurs
mainly in female sex, being an essential physiological gain for
growth and necessary for the beginning and maintenance of men-
strual cycles. In boys, the gain of adipose tissue is slower, and even
loss may occur. In the middle and late periods, the completion of
growth and morphological development occur(7).

Due to the changes that occur in this periodof life, adolescence
becomes a vulnerable period for the occurrence of obesity and its
associated complications(8,9). Excess body fat is related to the
development of diseases such as diabetesmellitus(10,11), hyperten-
sion(12), the metabolic syndrome(13) and CVD(12), whose onset
occurs in adolescence and progresses through adulthood(8,12).
In addition, obesity is a risk factor for psychosocial diseases such
as body image disorders, which may evolve and contribute to the
development of body image disorders(14).
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This context highlights the importance and need of monitor-
ing the health situation of adolescents. Accordingly, there is a
clear need to carry out this assessment according to sex and
age, as the several changes in body composition influence the
reliability of the indices used in anthropometric evaluation(15).

BMI is the most commonly used indicator to assess the nutri-
tional status of individuals at any age.However, this is not themost
reliable method for the assessment of excess body fat and the risk
of associated diseases, such as cardiometabolic diseases(16–18). A
limitation that needs to be considered regarding this index is that
it does not distinguish between lean and fatmass(17,19). Particularly
in adolescents, studies show that individuals classified as eutro-
phic based on their BMI have excess body fat, thus confirming that
this limitation should be accounted for when assessing nutritional
status(18,20). Hence, in addition to the waist:height ratio (WtHR),
other indices have been proposed to enable a more reliable
assessment of excess body fat and, consequently, to predict the
risk of developing cardiometabolic alterations.

The conicity index (CI)(21), body adiposity index (BAI)(22) and
the body roundness index (BRI)(23) were developed and have
been used to assess body fat in adults. However, there is a limited
number of studies that analyse the relevant capacity of these and
other anthropometric indexes to evaluate the body fat in paedi-
atric population. In addition, there are no reliable cut-off points
that can verify with scientific authenticity the excess accumula-
tion of adipose tissue in the adolescents, as well as the associated
risk factors Thus, this study aims to identify the BAI with the best
capacity to predict excess fat and propose cut-off points for
them, according to sex and period of adolescence.

Methodology

Study design and sample

This is a cross-sectional studywhich comprised the three periods
of adolescence (early: from 10 to 13 years old; middle: from 14 to
16 years old; late: from 17 to 19 years old)(6) with 1188 adoles-
cents: 804 female and 384 male, aged from 10 to 19 years old.

We conducted the research with data collected in cities
located in the microregion of Viçosa, comprising twenty munici-
palities, which is part of Zona daMatamesoregion, state of Minas
Gerais, Brazil. The microregion has an estimated population of
adolescents between 10 and 19 years of 39 270(10); thus, the
evaluated sample corresponds to 3 % of the total population
of the same age group.

The data used in this article were obtained from twelve cross-
sectional studies developed by a research group of Graduate
Program in Nutrition Sciences at the Federal University of
Viçosa. Data collections were carried out with students from
public schools, between 2002 and 2017.

In general, the eligibility criteria used in all databases were:
adolescents aged between 10 and 19 years, girls who had
already undergone menarche at least 1 year earlier, voluntary
participants in good health conditions and whose participation
was allowed by an authorisation signed by their parents or legal
guardians (if under 18 years of age). As exclusion criteria, we
verified whether the adolescents could normally engage in
any kind of physical activity, whether they had any chronic or

communicable disease, some obesity-related factor or inflamma-
tory diseases, whether they have been using some kind of con-
trolled drug or medicine likely to influence metabolic function
and whether they are currently participating in any other study
addressing either body composition assessment or nutritional
status control. Both criteria were observed throughout the selec-
tion and data collection processes, through contact with the stu-
dents at the school, the Health Division and the research
laboratory at the Federal University of Viçosa.

Thedatabasesof these studieswere analysed separately and thor-
oughly until they were included in the study. After the analysis, all
these databases were merged and we proceeded with the selection
of the adolescents.We excludedduplicate data of adolescents evalu-
atedmore than once during the same period. Data from participants
assessed more than once, but in different periods, were retained.

We calculated the study power by the OpenEpi® online pro-
gramme (www. OpenEpi.com), considering the outcome of the
WHtR among the groups with high and adequate body fat per-
centage (BF%). Based on the means and standard deviations of
the WHtR in the group of adolescents with excess body fat
(0·48 (SD 0·069) cm) and eutrophic (0·41 (SD 0·032) cm), the result
of the analysis showed power equal to 100 %.

Anthropometric and body composition assessment

All anthropometric measurements were performed by research-
ers, who were trained during the conduct of the pilot studies,
before the start of data collection. The same protocols, instru-
ments and devices were used for anthropometric and body com-
position measurements in all studies, so the information
collected are homogeneous, which guarantees the relevance
of the results found in this research.

The weight was measured on an electronic digital scale
(Kratos®), with a maximum capacity of 150 kg and a sensitivity
of 50 g.Weighingwas performed according to the techniques pro-
posed by WHO(24). For greater measurement reliability, the cali-
bration of the scale was verified with a standard weight of 1 kg.

We measured height using a portable stadiometer
(Alturexata®), up to 220 cm in length. We performed the mea-
surements following the techniques recommended by WHO(24).

Weused a flexible and inelastic tapemeasure (Cardiomed®)with
amaximum length of 2m tomeasure waist (WC) and hip circumfer-
ences, being careful not to compress soft tissues. Wemade themea-
surements induplicate, assumingamaximumvariationof 0·5 cmand
in caseof variation greater than this value,weperformeda thirdmea-
surement, using the mean between the two nearest measurements.

WCwas measured at the midpoint between the lower margin
of the last rib and the iliac crest, in the horizontal plane(25) and the
hip circumference in the gluteal region, surrounding the largest
horizontal portion between the waist and knees(26).

We used the gold standard in the assessment of body compo-
sition, Dual-Energy X-ray absorptiometry (DEXA) equipment
(Lunar Prodigy Advance DXA System – analysis version:
13.31, GE Healthcare), to estimate the BF%, in the morning, with
all participants fasting for 12 h and following the assessment pro-
tocol. We used sex-specific cut-off points to classify excess body
fat. Accordingly, we classified values ≥25 and 20 % for females
and males, respectively, as excess fat(27).
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Body adiposity indices

The WtHR was calculated by the quotient of WC measurement
(cm) by the height measurement (cm), waist:hip ratio (WHR) by
the relationship between WC (cm) and hip circumference (cm).
BMI was assessed according to age and sex (BMI/I) by WHO
AnthroPlus software, using z-score values(28).

The CI was calculated according to the formula proposed by
Valdez(21); the BAI according to Bergman et al.(22) and the BRI are
based on the proposal of Thomas et al.(23).

Statistical analyses

The databases were elaborated in Excel software, and to guaran-
tee the validity of the data, they were double-typed. We per-
formed the statistical analysis with the aid of Statistical
Package for Social Sciences (SPSS) software for Windows,
version 20.0 and MedCalc version 9.3. We adopted as level of
rejection of the null hypothesis α= 5 %. We performed the
Shapiro–Wilk test, in which was found that the variables did
not present normal distribution.

We presented median and interquartile range values for the
descriptive analysis of continuous variables. The Mann–
Whitney U test was used to compare the sexes and the
Kruskal–Wallis test to compare the periods of adolescence
for each sex. After verifying statistical difference (P < 0·05)
by Kruskal–Wallis, we performed Bonferroni’s correction for
P value and again Mann–Whitney U test to identify which
groups differed from each other.

We established the predictive capacity and cut-off points of
BAI by building ROC (receiver operating characteristic)
curves. We determined the AUC-ROC and the respective CI
(95 % CI), stratified by sex and period of adolescence. The
sensitivity and 1-specificity values generated by the ROC
curves were assessed to identify the best cut-off points, con-
sidering the best balance between these values. To classify the
AUC values, we used: <0·6 bad; from 0·6 to 0·7 sufficient; from
0·7 to 0·8 good; from 0·8 to 0·9 very good and from 0·9 to 1·0
excellent(29).

Ethical aspects

All studies whose databases were included in this research
were submitted to and approved by the Ethics Committee on
Research with Human Beings of the Federal University of
Viçosa. In addition, the present study was submitted to the
Ethics Committee on Research with Human Beings of the
Federal University of Viçosa and obtained a single approval
number (2879661).

When the surveys were conducted, participants and their
guardians were informed about their objectives and received
the Informed Consent and Agreement Consent Terms for those
under 18 years old. Only those who submitted duly signed terms
were included.

The adolescents’ participation was voluntary, so they could
leave the research at any time without any harm and their data
were kept confidential.

Results

Most were female (67·7 %), of the total 37·6 %were in the middle
period of adolescence and 35·2 % in the late, with a median age
of 16 years old (interquartile range: 13–17). According to BMI
assessment, 22·1 and 21·5 % of the male and female adolescents,
respectively, were with overweight, and by DEXA assessment,
29·4 and 69·4 %, respectively, had a high BF%.

Regarding nutritional status classified by BF% (DEXA), a
lower proportion of excess body fat was observed in early ado-
lescence (20·0 %) compared with the middle (43·8 %) and late
(36·2 %) (P< 0·001) period. There was also a difference in the
proportion between the middle and late period (P= 0·021).

We observed that all measurements and indices showed
differences (P< 0·05) between periods in females and only
WHtR and BRI did not differ (P> 0·05) in any period in males
(Table 1).

The analysis of the ROC curves showed AUC values consid-
ered very good or excellent (>0·8) for BMI, WtHR, BAI and BRI
in adolescents in general (Table 2).

In the analysis by period of adolescence and sex, ROC curves
indicated AUC values considered very good or excellent (>0·8)
for BMI and BAI in females in all periods. In males, WHR had an
AUC value below 0·8 in the early and late period of adolescence.
The best combinations of sensitivity and specificity values to
determine the cut-off points of these indices in predicting body
fat in adolescents are shown in Tables 3 and 4.

In girls, from 10 to 13 years old, the cut-off points of 18·03 kg/
m2 for BMI, 0·46 forWtHR, 26·10 for BAI and 2·70 for BRI showed
higher predictive capacity of excess body fat. Among those in the
middle period, the values of 19·65 kg/m2 for BMI, 0·42 forWtHR,
25·30 for BAI and 2·12 for BRI had the best combinations
between sensitivity and specificity. In those aged from 17 to
19 years, the ideal cut-off values were 20·66 kg/m2 for BMI,
0·44 for WtHR, 27·52 for BAI and 2·58 for BRI (Table 3).

In boys, in early adolescence, the ideal cut-off values for BMI
were 18·18 kg/m2, 0·45 for WtHR, 24·41 for BAI and 2·43 for BRI.
In the middle period, the cut-off point for BMI was 21·26 kg/m2,
for WtHR 0·44, for BAI 22·56 and for BRI 2·44. In boys aged from
17 to 19 years, the cut-off points of 24·79 kg/m2 for BMI, 0·46 for
WtHR, 24·25 for BAI and 2·73 for BRI showed better predictive
capacity of excess body fat (Table 4).

In female adolescents, BMI was the index with the highest
predictive capacity for body fat in the three periods. In the early
period, between BMI and WtHR, BRI and BAI, there was no dif-
ference (P> 0·05). In the middle period, the BMI and BAI
showed the same value of AUC (P> 0·05). In the late, BMI
was higher than all other indices (P< 0·05), although BAI dis-
played good predictive power for body fat (Fig. 1).

For males in the early period, WtHR and BRI showed better
predictive capacity for body fat, with equal AUC value (P> 0·05).
However, WtHR did not differ from BMI, BAI and BRI (P> 0·05),
as well as BRI showed no difference for BAI and BMI (P> 0·05).
BRI showed better capacity to predict body fat in the middle
period, and it was similar to BMI, WtHR and BAI (P> 0·05). In
the late, BAI showed higher value of AUC, being similar to
BMI, WtHR, CI and BRI (P> 0·05) (Fig. 1).

Adiposity indices in adolescence periods 1675

https://doi.org/10.1017/S0007114521000398  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114521000398


0 20 40 60 80 100

100

80

60

40

20

0

100-Specificity

Se
ns

i
vi

ty

0 20 40 60 80 100

100

80

60

40

20

0

100-Specificity

0 20 40 60 80 100

100

80

60

40

20

0

100-Specificity

Se
ns

i
vi

ty

Se
ns

i
vi

ty

0 20 40 60 80 100

100

80

60

40

20

0

100-Specificity

Se
ns

i
vi

ty

0 20 40 60 80 100

100

80

60

40

20

0

100-Specificity

Se
ns

i
vi

ty

0 20 40 60 80 100

100

80

60

40

20

0

Se
ns

i
vi

ty

100-Specificity

Female – Early period Female – Middle period Female – Late period 

Male – Early period Female – Middle period Female – Late period 

Figure 1. Comparison between the receiver operating characteristic (ROC) curves of adiposity indices used to predict body fat, according to the sex and period of
adolescence (n 1188). , BMI; , WtHR; , WHR; , CI; , BAI; , BRI.

Table 1 Comparison of anthropometric and body composition variables between periods of adolescence according to the adolescents’ sex, Minas Gerais
(n 1188)†,‡

Sex/period of adolescence

Female Male

Variables Early (n 155) Middle (n 360) Late (n 289) Early (n 168) Middle (n 87) Late (n 129)

Height (m) 1·49a 1·62bc 1·62bc 1·47a 1·70b 1·74c

Weight (kg) 41·50a 54·15bc 55·25bc 38·45a 59·00b 65·45c

BMI (kg/m2) 18·03a 20·60bc 21·26bc 17·29a 20·28b 21·45c

WP (cm) 66·50a 71·00bc 73·00bc 63·50a 72·00b 74·60c

WtHR 0·44abc 0·44ab 0·45ac 0·43* 0·42* 0·43*
HP (cm) 79·35a 91·75bc 93·50bc 73·25a 87·50b 92·00c

WHR 0·85a 0·78bc 0·79bc 0·88a 0·83bc 0·83bc

CI 1·18a 1·14b 1·14c 1·17a 1·14bc 1·13bc

BAI (%) 25·27a 26·35b 27·34c 23·21a 21·58bc 22·16bc

BRI 2·34abc 2·25ab 2·49ac 2·17* 1·97* 2·17*
%BF(DEXA) 23·85a 29·54bc 29·22bc 17·47a 13·98bc 13·45bc

WP, waist perimeter; WtHR, waist:height ratio; HP, hip perimeter; WHR, waist:hip ratio; CI, conicity index; BAI, body adiposity index; BRI, body roundness index; %BF, body fat
percentage.
Medians in the same row followed by the same letter do not differ for each sex by the Kruskal–Wallis test, supplemented by the Mann–Whitney with Bonferroni correction (P< 0·016).
* P> 0·05.
† Early: 10–13 years; Middle: 14–16 years; Late: 17–19 years.
‡ Reference Method: DEXA.
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Discussion

Among all anthropometric indices assessed,WtHR, BMI, BAI and
BRI showed good capacity to predict the excess body fat esti-
mated by DEXA in both sexes and in all periods of adolescence.

Most of the measures and indices assessed in this study
showed higher values in female adolescents. In both sexes, most
measures and indices showed differences between the periods
of adolescence, except for WtHR and BRI. In addition, except for
WHR and CI in girls, andWHR, CI, BAI and BF% (DEXA) in boys,
the other indices had lower values in the early period.

Other studies assessing the nutritional status of adolescents in
relation to age have found that younger individuals had a higher
proportion of overweight, according to the BMI classification(30,31).
Contrary to what was observed in this study, in which was found
that therewas no difference in nutritional status classified by BMI in
relation to the period of adolescence. However, higher prevalence

of excess body fat was observed in adolescents aged 14 years or
more, in both sexes.

In adolescence, body composition varies according to age,
sexual maturation and physical growth, with physiological
increase of adipose tissue, being higher in females, because this
accumulation of body fat is essential for the beginning andmain-
tenance of menstrual cycles and consequently for the reproduc-
tive process(2,31). However, it should be considered that this is an
age of many changes and therefore is a critical period for the
development of obesity(32,33). High-energy eating habits and sed-
entary lifestyles of adolescents in general may lead to excessive
body fat accumulation and obesity(34,35). This conditionmay lead
to the development of cardiometabolic diseases, which may
originate in adolescence(36,37).

Changes in physical, cognitive and physiological develop-
ment are influenced by genetics and environmental factors, so

Table 2 Cut-off points, sensitivity, specificity and AUC of the adiposity indices for body fat prediction in adolescents, Minas Gerais (n 1188)†,‡
(95 % confidence intervals)

Adiposity indices Cut-off point Sensitivity 95% CI Specificity 95% CI AUC 95% CI

BMI 19·65 77·6 74·3, 80·7 71·7 67·7, 75·6 0·83* 0·80, 0·85
WtHR 0·45 62·5 58·8, 66·3 90·3 87·4, 92·7 0·82* 0·80, 0·84
WHR 0·78 36·8 33·2, 40·6 76·9 73·1, 80·5 0·53 0·50, 0·56
CI 1·20 32·7 29·2, 36·5 9·6 90·1, 94·7 0·63 0·60, 0·66
BAI 24·82 82·4 79·3, 85·2 81·4 77·8, 84·7 0·90* 0·88, 0·92
BRI 2·48 65·2 61·5, 68·9 88·7 85·7, 91·4 0·82* 0·80, 0·84

WtHR, waist:height ratio; WHR, waist:hip ratio; CI, conicity index; BAI, body adiposity index; BRI, body roundness index.
* AUC value rated very good or excellent (> 0·8).
† Reference Method: DEXA.
‡ All AUC values were significant (P< 0·05).

Table 3 Cut-off points, sensitivity, specificity and AUC of the adiposity indices for body fat prediction, according to the period of adolescence, in female
adolescents, Minas Gerais (n 804)†,‡,§
(95 % confidence intervals)

Adiposity indices Cut-off Point Sensitivity 95% CI Specificity 95% CI AUC 95% CI

Early
BMI 18·03 92·7 83·9, 97·6 84·8 75·5, 91·7 0·94* 0·89, 0·97
WtHR 0·46 75·3 63·5, 84·9 95·3 88·5, 98·7 0·92* 0·87, 0·96
WHR 0·86 69·5 57·3, 80·1 79·0 69·0, 87·1 0·71 0·64, 0·78
CI 1·21 68·1 55·8, 78·8 94·1 86·9, 98·1 0·82* 0·75, 0·88
BAI 26·10 75·3 63·5, 84·9 93·0 85·4, 97·4 0·92* 0·87, 0·96
BRI 2·70 76·8 65·1, 86·1 95·3 88·5, 98·7 0·93* 0·87, 0·96

Middle
BMI 19·65 77·5 72·1, 82·4 82·9 73·4, 90·1 0·87* 0·84, 0·91
WtHR 0·42 71·3 65·6, 76·6 81·8 72·2, 89·2 0·84* 0·80, 0·87
WHR 0·74 79·0 73·7, 83·7 32·9 23·3, 43·8 0·57 0·52, 0·62
CI 1·09 77·9 72·5, 82·7 42·0 31·6, 53·0 0·61 0·56, 0·66
BAI 25·30 76·8 71·4, 81·7 82·9 73·4, 90·1 0·87* 0·84, 0·91
BRI 2·12 70·5 64·8, 75·9 82·9 73·4, 90·1 0·83* 0·79, 0·87

Late
BMI 20·66 71·8 65·5, 77·8 81·9 71·1, 90·0 0·84* 0·80, 0·88
WtHR 0·44 64·9 58·2, 71·3 84·7 74·3, 92·1 0·79 0·74, 0·83
WHR 0·81 35·9 29·6, 42·7 87·5 77·6, 94·1 0·59 0·53, 0·65
CI 1·14 56·6 49·8, 63·4 69·4 57·5, 79·8 0·60 0·54, 0·65
BAI 27·52 58·5 51·7, 65·2 90·2 81·0, 96·0 0·80* 0·75, 0·85
BRI 2·58 58·5 51·7, 65·2 93·0 84·5, 97·7 0·79 0·74, 0·84

WtHR, waist:height ratio; WHR, waist:hip ratio; CI, conicity index; BAI, body adiposity index; BRI, body roundness index.
* AUC value rated very good or excellent (> 0·8).
† Early: 10–13 years; Middle: 14–16 years; Late: 17–19 years.
‡ Reference Method: DEXA.
§ All AUC values were significant (P< 0·05).
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physical characteristics differ among individuals, with bonemass
and the ratio between muscle tissue and adipose tissue vary
according to sex and age. These differences make it difficult
to adopt specific cut-off points for anthropometric indices in ado-
lescence. Therefore, the assessment of body composition is nec-
essary, and the identification of more accurate adiposity indices
for estimating body fat and the determination of cut-off points for
these indices, in this age group, are important to expand the
methods of assessment and monitoring of overweight and
obesity. These strategies are essential for disease prevention
and health promotion in the adolescent population(38,39).

Therefore, BMI should be used with caution, especially in
adolescents, since during the growth spurt, this index may not
reliably reflect increases in body fat. In addition, the detection
of cardiometabolic risk factors in this age group is complex,
mainly due to quick and intense variations that occur in body
composition(40).

BMI is widely used as a surrogate measure of obesity.
However, its calculation is not specific to assess body composi-
tion components, and its limitations should be considered(41). A
well-known limitation of BMI is that it does not distinguish
between fat and lean mass(18). Indeed, BMI has been shown
to be a poor predictor of BF% in children and adolescents(16).

Therefore, BMI should be used with caution, especially in
adolescents, for during the growth spurt, this index does not reli-
ably reflect increases in body fat(40). Perhaps, this is because nei-
ther the BMI nor other indicator or anthropometric indices have
taken into account the changes caused by sexual maturation in
the body composition of adolescents of each sex throughout the
periods of this life phase. Since this is not an effective index for

assessing excess body fat, it is also not effective for predicting
cardiometabolic risk factors(18,19).

A high prevalence of eutrophic adolescents with high BF%
has been observed. In a meta-analysis that included thirty-seven
studies comparing BMI with gold standard methods such as
DEXA, the authors found that BMI had a sensitivity of 73 % to
identify excess body fat in children and adolescents, concluding
that more than a quarter of undiagnosed subjects with obesity
due to BMImay have excess adiposity(42). Another study showed
that eutrophic adolescentswith BMI and highBF%have high car-
diometabolic risk factors similar to thosewith overweight by BMI
and high BF%(43). Therefore, other anthropometric indices have
been used to assess the adult population, but do not have well-
defined cut-off points for adolescents.

WtHR demonstrates good predictive capacity for body fat and is
a good index to be used in the adolescents’ assessment, as in the
calculation height and waist are considered(44,45). Pelegrini et al.(46)

assessed 1197 Brazilian adolescents and found that BMI andWHtR
had a greater capacity to estimate body fat in both sexes, unlike CI,
which as in this study, had the lowest values of AUC.

WHR did not perform well in the estimation of body fat, as in
other study that showed that BMI and WC correlated with BF%
in Swedish adolescents of both sexes, while WHR did not correlate
well(47). Similar to Motlagh et al.(38) who assessed 2444 adolescents
aged from 12 to 14 years and observed that WC and WtHR show
higher AUC than WHR in predicting overweight and obesity.

In adolescence, WHR is not a good parameter for assessing
body composition because it uses hip measurement and it
changes quickly during the growth spurt(44). Similar to previous
results, in male children and adolescents from Spain, BMI and

Table 4 Cut-off points, sensitivity, specificity and AUC of the adiposity indices for body fat prediction, according to the period of adolescence, in male
adolescents, Minas Gerais (n 384)†,‡,§
(95 % confidence intervals)

Adiposity indices Cut-off point Sensitivity 95% CI Specificity 95% CI AUC 95% CI

Early
BMI 18·18 80·0 68·2, 88·9 87·3 79·4, 93·1 0·89* 0·84, 0·93
WtHR 0·45 75·3 63·1, 85·2 97·0 91·7, 99·4 0·93* 0·88, 0·96
WHR 0·89 61·5 48·6, 73·3 78·6 69·5, 86·1 0·75 0·68, 0·81
CI 1·17 78·4 8·6, 73·3 78·6 69·5, 86·1 0·84* 0·78, 0·89
BAI 24·41 78·4 66·5, 87·7 90·2 82·9, 95·2 0·91* 0·85, 0·94
BRI 2·43 81·5 66·5, 87·7 92·2 85·3, 96·6 0·93* 0·88, 0·96

Middle
BMI 21·26 90·9 70·8, 98·6 86·1 75·3, 93·5 0·95* 0·89, 0·98
WtHR 0·44 95·4 77·1, 99·2 92·3 82·9, 97·4 0·98* 0·92, 0·99
WHR 0·87 72·7 49·8, 89·2 87·6 77·2, 94·5 0·83* 0·74, 0·90
CI 1·18 72·7 49·8, 89·2 93·8 85·0, 98·3 0·89* 0·81, 0·95
BAI 22·56 100·0 84·4, 100·0 89·2 79·1, 95·5 0·96* 0·90, 0·99
BRI 2·44 95·4 77·1, 99·2 95·3 87·1, 99·0 0·98* 0·92, 0·99

Late
BMI 24·79 76·9 56·3, 91·0 93·2 86·5, 97·2 0·92* 0·86, 0·96
WtHR 0·46 92·3 74·8, 98·8 85·4 77·1, 91·6 0·94* 0·88, 0·97
WHR 0·83 84·6 65·1, 95·5 62·1 52·0, 71·5 0·74 0·66, 0·81
CI 1·14 92·3 74·8, 98·8 69·9 60·1, 78·5 0·86* 0·79, 0·92
BAI 24·25 88·4 69·8, 97·4 91·2 84·1, 95·9 0·95* 0·90, 0·98
BRI 2·73 92·3 74·8, 98·8 86·4 78·2, 92·4 0·94* 0·88, 0·97

WtHR, waist:height ratio; WHR, waist:hip ratio; CI, conicity index; BAI, body adiposity index; BRI, body roundness index.
* AUC value rated very good or excellent (> 0·8).
† Early: 10–13 years; Middle: 14–16 years; Late: 17–19 years.
‡ Reference Method: DEXA.
§ All AUC values were significant (P< 0·05).
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WC had good capacity to estimate body fat, showing values of
AUC above 0·80(48).

As observed in this study, Weiss et al.(49) assessed Brazilian
adolescents from 11 to 14 years old and found that the CI did
not perform well to diagnose high body fat in female adoles-
cents, with a value of AUC of 0·52. In boys, the value of the
AUC was also low, 0·69, showing that CI was not a good predic-
tor of high body fat.

Corroborating the results presented in this study, Frignani
et al.(50) found that the BAI showed association and high agree-
ment with the BF% in adolescents, in both sexes. Studies assess-
ing the performance of BAI and BRI to estimate body fat are
scarce in the literature, especially conducted specifically with
adolescents. In this study, both showed good capacity to predict
body fat in this population. According to Thomas et al.(23), BRI
has better performance to estimate the percentage of total and
visceral body fat compared with BMI and WC.

Authors state that BRI can be considered a better predictor of
cardiovascular risk when compared with BMI, since it estimates
the location of excess body fat, better reflecting the estimation of
visceral fat, since its calculation considers the WC(23,51).

The analysis of the ROC curves allowed to determine cut-off
points for the assessed indices, to estimate the excess of body fat,
considering this population in general and according to sex and
period of adolescence. The AUC for BMI, WtHR, BAI and BRI
were considered very good or excellent in adolescents in gen-
eral, but most of these values were lower compared with those
analysed by sex and period of adolescence. Assessing the accu-
racy of anthropometric indices to estimate body fat is necessary,
especially in this age group and due to changes in body compo-
sition that occur during adolescence(2). We suggest the use of
specific cut-off points for the various adiposity indices, according
to the adolescent’s sex and age, in order to obtain a more accu-
rate and reliable diagnosis of excess body fat.

The ideal cut-off values for predicting excess body fat for the
assessed indices varied according to adolescent’s sexes and peri-
ods. Except for BMI, up to the present moment, no Brazilian
study has proposed cut-off points for the other indices to be used
in the adolescent population, considering sex and period of ado-
lescence. Moreover, the known cut-off points for BMI are not
specific for assessing excess body fat, as proposed and pre-
sented in this study for all indices.

The ideal BMI cut-off points increased with age in both sexes,
as did BRI in males. In the middle period, the values for WtHR,
BAI and BRI were lower in girls, as well as the WtHR and BAI
in boys.

It is important to highlight that the ideal BMI cut-off values for
the diagnosis of excess body fat in this population, in both sexes
and all periods of adolescence, were below the cut-off point for
overweight diagnosis according to WHO(28) standards. Similarly,
ideal values of WtHR cut-offs in girls and boys of all ages in this
study were below 0·50, a value proposed to assess abdominal
obesity regardless of age and sex(45). This suggests that the bio-
logical risk associated with increased body fat may be underes-
timated in adolescents.

The range of the sample can be considered a limitation of the
study, since adolescents from only one city were assessed. Also,
studies have shown that there may be distinctions in body

composition between different ethnicities(52,53), although there
is still no consensus on the subject(54). However, the study has
a significant sample number and comprised thewhole age group
of adolescents of different races and socio-economic status. In
addition, the study used a gold standard method for assessing
body composition (DEXA). Thus, we noticed that the results pre-
sented could be used to assess the accumulation of body fat in
adolescents, as well as to prevent risk factors for health and
development of this population.

In conclusion, besides the BMI, the adiposity index, WtHR,
BAI and BRI have shown to performwell to identify excess body
fat in these adolescents. Considering the characteristics of each
index evaluated, we identified that the best index to predict
excess body fat in female adolescents aged from 10 to 13 years
was the WtHR, whereas the BAI was the best to those aged
between 14 and 19 years. In male adolescents, aged from 10
to 13 years and 14 to 16 years, the best index was the WtHR
and the BAI showed better predictive capacity in boys from
17 to 19 years old.

The results of this study reinforce the importance of using
indices with specific cut-off points for each period of adoles-
cence and according to sex for the reliable diagnosis of excess
body fat. It is advisable to use indices together to obtain a more
accurate assessment. Thus, theWtHR and BAI are a low-cost and
non-invasive method that is reproducible and reliable, with high
sensitivity and specificity values and can be used together with
the BMI. This allows an assessment and monitoring of the nutri-
tional and health status of adolescents, in order to prevent the
development of diseases at this age and into adulthood.
However, further studies are necessary to confirm the reproduc-
ibility of the results.
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