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A B S T R A C T
IMPLICATIONS AND
Purpose: The aim of the study was to evaluate the reliability of 7 anthropometric indices in
predicting cardiovascular risk markers (CRMs) and metabolic syndrome (MetS) in Brazilian
adolescents.
Methods: A cross-sectional study conducted with 1,069 participants of the Cardiovascular Risk in
Adolescents Study aged 12e17 years. Receiver operating characteristics curves were plotted, and
area under curve (AUC) was calculated for body mass index (BMI), waist circumference (WC),
waist-to-height ratio (WHR), conicity index (CoI), body shape index (BSI), adjusted BSI for ado-
lescents (adjusted BSI), and body roundness index (BRI).
Results: In girls, reliability of BMI, WC, WHR, and BRI was sufficient (�.6 AUC <.7) only to predict
high blood pressure. Among boys, reliability of BMI, WC, WHR, BRI, and adjusted BSI ranged from
good to sufficient (�6 AUC <.8) to predict insulin resistance and high blood pressure, but poor to
sufficient (�.5 AUC <.7) for high total cholesterol, triglycerides, and low-density lipoprotein. For
both sexes, CoI and BSI presented AUC �.5 for all CRM. A majority of the anthropometric indices
showed AUC �.9 for MetS.
Conclusion: Reliability of CoI, BSI, adjusted BSI, and BRI is not superior to BMI, WC, and WHR in
predicting CRM and MetS. All the anthropometric indices had excellent predictive capacity for
MetS, but limited accuracy for CRM. Among the evaluated indices, we recommend the use of cutoff
point WHR �.55 to screening MetS in girls and boys because of its easy to measure and inter-
pretation.
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This study presented a
broad approach to reli-
ability of 7 anthropo-
metric indices to predict
cardiovascular risk
markers and metabolic
syndrome. Findings
demonstrate that anthro-
pometry is an excellent
tool for the screening of
metabolic syndrome;
however, its reliability to
predict individual cardio-
vascular risk markers is
limited.
The identification of cardiovascular risk factors in chil-
dren and adolescents is one of the strategies for the
reduction of cardiovascular morbidity and mortality,
according to the World Health Organization [1]. Accordingly,
tools for the screening of CRMs in early life have been
widely studied.
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Global and central obesity in adolescents are predictive of
type II diabetes mellitus, hypertension, dyslipidemia, and meta-
bolic syndrome (MetS) [2]. Thus, anthropometric indices have
been proposed to predict the amount and location of body fat to
track metabolic disorders [3]. The advantages of anthropometric
parameters are related to the ease of obtaining measurements
and are less invasive and inexpensive compared with biochem-
ical or imaging tests. These features offer a practical option in a
clinical setting and population studies [3,4].

Results from longitudinal studies, ranging from childhood to
adulthood, identified that anthropometric measurements in
childhood are predictors of cardiovascular risk in adulthood [5,6].
Among the proposed anthropometric indices, body mass index
(BMI), waist circumference (WC), and waist-to-height ratio
(WHR) are the most studied. Meta-analysis gathered cross-
sectional studies that evaluated the screening power of individ-
ual cardiovascular risk factors and MetS in childhood and
adolescence. The mean area under curve (AUC) values for each
indexwere greater than .6 for most outcomes; therefore, they are
useful in screening of diabetes, dyslipidemia, hypertension, and
MetS in this age [7].

However, literature presents conflicting findings on which
index best predicts cardiovascular risk in children and adoles-
cents. Some authors claim that BMI,WC, andWHR have the same
discriminatory power [8e10]; according to others, the reliability
of anthropometric indices depends on CRM, sex, phase of
adolescence, and nutritional status [11,12]. The suggestion that
there may be an index with better predictive capacity than other
is because BMI is associated with global obesity, whereas WHR
and WC are associated with central body fat concentration [6].
Moreover, in adolescence, shape and composition body are
constantly changing and vary according to sex and age, which
may influence the reliability of the indices [13].

In view of these divergences and seeking to produce alter-
native anthropometric indices with greater sensitivity, other
proposals were developed as conicity index (CoI) [14], body
shape index (BSI) [15], and body roundness index (BRI) [16].
These indices were produced based on adulthood and, generally,
present satisfactory predictive capacity in this population group
[17,18].

CoI was able to predict MetS [19] and insulin resistance (IR)
[20] in a cross-sectional studies in adolescents. Furthermore, in
sample design studies similar, BSI was negatively associated with
blood pressure (BP) in Portuguese adolescents [21], whereas this
association was positive among adults [18]. As this result was
unexpected, BSI formula exponents were adjusted based on the
assumption that adolescent body shape is different from adult
[22]. After exponential correction, adjusted BSI for adolescents
showed sufficient predictive capacity for glycated hemoglobin
[22], hypertension, and high fasting glycemia (FG) [23]. Despite
the promising results, it is not clear whether these indices have
superior reliability than BMI, WC, and WHR.

BRI was proposed in 2014 [16]. In adults and the elderly, this
index presented satisfactory reliability for the prediction of dia-
betes mellitus, hypertension, dyslipidemia, hyperuricemia, and
MetS [24,25]. However, to date, no studies have been conducted
with adolescents.

Given the arguments presented, our hypotheses are (1)
alternative indices do not have greater predictive capacity than
BMI, WC, andWHR and (2) among indices evaluated, there is one
with greater reliability for screening individual markers of car-
diovascular risk and MetS. Thus, this study evaluated the
reliability of 7 anthropometric indices to predict CRMs and MetS
in adolescents according to sex.

Methods

Study population

This study used a subsample of the Cardiovascular Risk in
Adolescents Study (ERICA), collected in the city of Palmas, capital
of Tocantins, Brazil. ERICA is a cross-sectional, population-based
study conductedwith 74,589 adolescents aged 12e17 years, both
sexes, public and private school students in urban and rural
areas.

The study population was stratified into 32 geographic strata
and clustered in 3 stages: schools, combination of shifts and
grade, and class. Sample size was estimated considering the
prevalence of MetS at the national and local levels. For the city of
Palmas, the estimated sample sizewas 1,200 students, 60 classes,
and 20 schools. Sample design details were published elsewhere
[26]. Our analysis is limited from city of Palmas, located in the
northern region of Brazil, because among the country capitals,
this is one with the lowest prevalence of obesity and hyperten-
sion in adolescence [27].

The inclusion criteria were adolescents aged between 12 and
17 years whose parents and/or guardians signed informed con-
sent form and who also agreed to participate in the study. The
exclusion criteria were pregnancy and physical disabilities,
which limit the collection of anthropometric measurements.

Data collection

Anthropometric and sociodemographic data, BP, and blood
samples were collected in the schools. The information was
recorded in a Personal Digital Assistant (PDA). The data collection
protocol was previously described in a specific publication [26].

The research team consisted of a regional leader, 3 local su-
pervisors, and 5 evaluators. The study's Steering Committee
developed an operation manual. Regional team leader was
trained by this committee and replicated the training with field
workers. Videos were produced specially to assist in the training
of anthropometric and BP measurements. Data entry into the
PDA was regularly checked by performing logical checks to
identify outliers or digit preference in measurements. Extreme
values were standardized in a pilot study. The evaluators were
retrained, and equipment was checked or replaced when a
problem was detected [26].

Sociodemographic variables

Sociodemographic variables, such as sex, age, race/ethnicity,
and characteristics, of household head were obtained from a
questionnaire answered by the adolescents. Socioeconomic sta-
tus was classified as class A, B, C, and D, based on the Brazilian
Economic Classification Criterion developed by the Brazilian
Association of Research Companies, being Class A the highest
socioeconomic status and D the lowest [28].

Anthropometric measures and indices

Weight, height, and WC measurements were taken over light
clothing, and the individuals were barefooted. Height was
measured in duplicate using an Alturexata portable stadiometer
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with a 2.13 m extension and 1 mm accuracy. The participants
were weighed on a Líder digital scale with 200 kg capacity and
50 g precision. WC was measured at the midpoint between the
upper border of the iliac crest and the lower margin of the rib
using a 1.5 m Sanny fiberglass anthropometric tape with preci-
sion of 1 mm.

To classify the nutritional status of adolescents, the World
Health Organization reference curveswere adopted using the BMI
for age according to gender [29]. The cutoff points adoptedwere Z-
score <�2 (underweight), Z-score ��2 and �1 (normal weight),
Z-score >1 (overweight) and�2, and Z-score >2 (obesity).

From weight, height, and WC measurements were calculated
the BMI as weight (kilogram)/(height (meter))2, WHR as waist

(centimeter)/height (centimeter), CoI as
WCðmÞ

0:109 � O
weightðkgÞ
heightðmÞ

,

BRI as 364:2� 365:5�
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1�

"
ðWCðmÞOð2pÞÞ2
ð0:5� heightðmÞÞ2

#vuut , BSI as

WCðmÞ
BMI2=3 � heightðmÞ1=2

, and adjusted BSI for adolescents

(adjusted BSI) as
WCðmÞ

BMI0:45 � heightðmÞ0:55.

Blood pressure

BP measurements were obtained according to the standards
of the ERICA protocol [26]. High BP levels were defined as systolic
BP (SBP) and/or diastolic BP (DBP) above 90th percentile
according to age, sex, and percentile of height or SBP/DBP �120/
80 mm Hg [30].

Biochemical measurements

Blood samples were taken from only morning shift students
because of the 12-hour fasting requirement. The samples were
analyzed for levels of glucose, insulin, total cholesterol (TC), high-
density lipoprotein (HDL), low-density lipoprotein (LDL), and
triglycerides (TG).

High lipemic levels were TC �170 mg/dL, LDL �110 mg/dL,
HDL<45mg/dL, TG�100mg/dL, and FG�100mg/dL [31]. IR was
evaluated by Homeostatic Model Assessment-Insulin Resistance
and classified according to sex-specific 90th percentile of the
population.

The diagnosis of MetS was based on the International Dia-
betes Federation criteria for children and adolescents [32].

Statistical analyses

The general characteristics of the population were analyzed
according to sex. Categorical variables were expressed as per-
centage and 95% confidence interval (95% CI) andwere compared
with the chi-square test. Numerical variables were tested for
normality by histogram and KolmogoroveSmirnov test. Vari-
ables with normal distribution were compared by the Student
t-test, and those that did not follow a normal distribution were
compared by the ManneWhitney test.

The receiver operating characteristics (ROC) curves were
generated to estimate the predictive capacity of the anthropo-
metric indices and cutoff points. Areas under ROC curve (AUC)
and 95% CIs were calculated. The capacity of an anthropometric
index to predict CRMs was identified by rejecting the null
hypothesis (AUC ¼ .05). The accuracy of the anthropometric in-
dex was given by the classification of AUC values: between �.5
and <.6 poor, �.6 and <.7 sufficient, �.7 and <.8 good, �.8 and
<.9 very good, and�.9 excellent [33]. The AUC were compared in
pairs by the nonparametric DeLong test to identify the predictive
superiority of all the indices in relation to BMI, WC, and WHR.

The cutoff point for the anthropometric indices was the
highest Youden Index; this index is given by the following for-
mula: sensitivity þ specificity � 1 [34]. Sensitivity, specificity,
positive predictive value, and negative predictive value were
calculated from the estimated cutoffs.

All statistical analysis was performed considering the com-
plex sampling design of the study. The descriptive analyses were
done using the survey extension of Stata version 13.0 (StataCorp,
College Station, TX). The ROC curves were generated in the sur-
vey and pRoc libraries of R version 3.5.1. A significance level of
a ¼ .5 was considered for all the analyses.

Ethics

ERICA was approved by the Human Research Ethics Com-
mittee of the Federal University of Rio de Janeiro in January 2009
(protocol no. 01/2009) and President António Carlos Institute of
Tocantins in February 2014 (protocol no.534.749).

Results

Of the 1,200 adolescents, 1,069 adolescents (89.1%) completed
the phases of the study: socioeconomic questionnaire and
anthropometric and BP measurements. Among the 726 morning
shift students, 548 (75.5%) underwent biochemical tests. From
the assessment of the nutritional status of adolescents, we
identified 3.71% are underweight, 79.19% are normal weight,
11.95% are overweight, and 5.15% are obese.

According to the sociodemographic characteristics of the
general population, a greater proportion was nonwhite adoles-
cents, of class B status and public school students. In relation to
sex, we found a higher proportion of boys in class A (p ¼ .003)
and girls in class C þ D (p ¼ .031). Regarding the anthropometric
data, the boys presented higher weight, height, WC, CoI, BSI, and
adjusted BSI than the girls (Table 1).

Regarding clinical and biochemical data, higher SBP and DBP
were observed in boys, whereas higher TC, insulin, and Ho-
meostatic Model Assessment-Insulin Resistance were found in
girls. The most frequent CRM were low HDL and high TC,
affecting 58.5% and 41.9% of adolescents, respectively. The prev-
alence of high LDL, TG, BP, and IR was between 10% and 25%. High
FG and MetS affected 5.2% and 2.5% of the population, respec-
tively. The proportion of boys with high BP was higher compared
with girls (26.5% vs. 7.7%; p < .001; Table 2).

The AUC constructed for girls are presented in Table 3. BMI,
WC, WHR, and BRI had sufficient predictive capacity (AUC �.6
and <.7) for high BP and did not differ from each other. No
anthropometric index was able to predict high TC, LDL, TG, FG,
low HDL, and IR. All the indices achieved excellent predictive
capacity for MetS (AUC �.9) and did not differ from each other.

Table 4 presents AUC for boys. From curves of BMI (AUC ¼
.739) and WC (AUC ¼ .723) presented good predictive capacity
for high BP, whereas WHR, BRI, and adjusted BSI showed suffi-
cient reliability (�.6 AUC <.7). BMI and WC presented superior
reliability to predict high BP over other indices. The predictive



Table 1
Sociodemographic and anthropometric characteristics of adolescents according to sex

Variable Overall (n ¼ 1,069) Female (n ¼ 570) Male (n ¼ 499) p value

Sociodemographic profile
Skin color, % (95% CI)
Nonwhite 74.1 (67.1e79.9) 75.9 (68.6e81.9) 72.1 (64.3e78.7) .145a

White 25.9 (20.5e32.8) 24.1 (18.0e31.3) 27.9 (21.2e35.6)
Socioeconomic level, % (95% CI)
Level A 17.6 (8.9e31.6) 13.8 (6.2e27.5) 21.5 (11.5e36.6) .006a,b

Level B 49.0 (44.1e53.8) 48.9 (43.7e53.0) 49.1 (41.8e56.3)
Level C þ D 33.4 (25.5e42.4) 37.3 (28.3e47.3) 29.4 (21.3e38.9)

School funding, % (95% CI)
Public 89.1 (65.8e97.2) 88.6 (64.5e97.1) 89.5 (66.7e97.3) .569a

Private 10.9 (2.8e3.4) 11.4 (2.9e35.4) 10.5 (2.6e33.2)
Anthropometry
Weight (kg), mean (SE) 54.4 (.7) 52.0 (.6) 56.9 (1.0) <.001c

Height (m), mean (SE) 163.1 (.5) 159.5 (.4) 166.9 (.7) <.001c

BMI (kg/m2), mean (SE) 20.3 (.2) 20.4 (.2) 20.2 (.3) .454c

WC (cm), mean (SE) 69.5 (.6) 67.9 (.6) 71.1 (.7) <.001c

WHR, median (IQI) .41 (.39e.45) .41 (.39e.45) .41 (.39e.44) .409d

CoI, median (IQI) 1.10 (1.07e1.14) 1.09 (1.05e1.13) 1.12 (1.08e1.15) <.001d

BSI, mean (SE) .12 (.00) .11 (.00) .12 (.00) <.001c

Adjusted BSI, mean (SE) .23 (.00) .22 (.00) .24 (.00) <.001c

BRI, mean (SE) 2.12 (.05) 2.12 (.06) 2.13 (.06) .409d

BMI¼ body mass index; BRI ¼ body roundness index; BSI ¼ body shape index; CI¼ confidence interval; CoI¼ conicity index; IQI¼ interquartile interval; SE¼ standard
error; WC ¼ waist circumference; WHR ¼ waist-to-height ratio.

a Chi-square test.
b Comparison between genders: Level A p ¼ .003; Level B p ¼ .936; Level C p ¼ .031.
c T test.
d ManneWhitney test.
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capacity of BMI,WC,WHR, and BRI ranged from poor to sufficient
(�.5 AUC <.7) for high TC, LDL, and TG. For IR, the BMI and CoI
showed sufficient reliability (�.6 AUC <.7), WC, WHR, and BRI
showed good reliability (�.7 AUC <.8). No anthropometric index
was able to predict altered FG. All the indices presented very
good to excellent predictive capacity for MetS and did not differ
from each other.

For both sexes, all AUC for adjusted BSI were higher than
unadjusted BSI (data not shown). CoI and BSI presented AUC �.5
Table 2
Distribution of biochemical, clinical, and cardiovascular risk factors variables in adole

Biochemical and clinical measurements Overall (n ¼ 548)

TC (mg/dL), mean (SE) 79.5 (1.5)
LDL (mg/dL), mean (SE) 83.9 (1.1)
HDL (mg/dL), mean (SE) 43.3 (.6)
TG (mg/dL), median (IQI) 74.0 (57.0e94.0)
FG, mg/dL 87.4 (.9)
Insulin (mg/dL), median (IQI) 6.4 (4.0e9.6)
HOMA-IR, median (IQI) 1.4 (.9e2.1)
SBP (mm Hg), mean (SE)c 108.3 (.7)
DBP (mm Hg), mean (SE)c 64.4 (.4)
High TC, % (95% CI) 41.9 (35.3e48.8)
High LDL, % (95% CI) 25.0 (17.9e33.7)
Low HDL, % (95% CI) 58.5 (49.8e66.6)
High TG, % (95% CI) 20.7 (17.2e24.6)
High FG, % (95% CI) 5.2 (2.8e9.4)
High BP, % (95% CI)c 16.9 (13.8e20.6)
IR, % (95% CI) 9.9 (7.5e13.1)
MetS, % (95% CI) 2.5 (1.2e5.2)

Bold values represent p � .05.
BP ¼ blood pressure; CI ¼ confidence interval; DBP ¼ diastolic blood pressure; FG ¼ fa
Assessment-Insulin Resistance; IQI ¼ interquartile interval; IR ¼ insulin resistance; LD
pressure; SE ¼ standard error; TC ¼ total cholesterol; TG: triglycerides.

a T test.
b ManneWhitney test.
c n ¼ 1,069.
d Chi-square test.
for all CRM. All AUC values forWHR and BRI were equal as well as
their 95% CIs.

The calculated cutoff points for MetS are shown in Table 5. All
the anthropometric indices presented 100% sensitivity for the
identification of MetS, except for BSI. For both sexes, WHR and
BRI presented the highest sensitivity, specificity, PPV, NPV, and
Youden Index. AWHR >.55 in girls and boys, and a BRI >4.38 in
girls and >4.48 in boys were able to discriminate MetS in
adolescents.
scents according to sex

Female (n ¼ 310) Male (n ¼ 238) p value

81.6 (1.9) 77.5 (3.3) .032a

85.4 (1.4) 82.4 (1.4) .131a

44.1 (.7) 42.5 (.7) .052a

74.0 (58.0e96.0) 73.0 (54.0e93.0) .376b

87.2 (.8) 87.6 (2.0) .864a

7.1 (4.6e10.2) 5.6 (3.2e8.3) <.001b

1.5 (1.0e2.2) 1.3 (.7e1.9) .003b

104.7 (.9) 111.9 (1.00) <.001a

63.5 (.6) 65.2(.6) .018a

44.8 (39.2e50.5) 38.9 (29.4e49.3) .188d

26.2 (20.3e33.1) 23.7 (14.2e36.9) .598d

55.5 (37.4e51.7) 61.5 (49.8e72.0) .153d

22.5 (18.5e27.2) 18.1 (12.6e27.1) .414d

4.1 (2.1e7.7) 6.4 (2.8e13.9) .286d

7.7 (5.2e11.3) 26.5 (21.6e32.1) <.001d

11.2 (7.3e16.9) 8.6 (5.3e13.5) .407d

1.4 (.4e4.0) 3.7 (1.7e8.0) .053d

sting glycemia; HDL ¼ high-density lipoprotein; HOMA-IR ¼ Homeostatic Model
L ¼ low-density lipoprotein; MetS ¼ metabolic syndrome; SBP ¼ systolic blood
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Discussion

This study provides information about the capacity of 7
anthropometric indices to predict CRM and MetS in adoles-
cents aged 12e17 years, according to sex. We observed limited
accuracy of the anthropometric indices in predicting individ-
ual cardiovascular risk markers, especially in girls. For MetS,
all the indices showed very good to excellent reliability. In
both boys and girls, CoI, BSI, adjusted BSI, and BRI presented
equal or lower reliability in relation to BMI, WC, and WHR.
Thus, conventional indices are still the best choice among
indices for screening cardiovascular risk in adolescence.

For most individual cardiovascular risk markers, AUC values
were �.5 and <.7; thus, the predictive capacity of the anthro-
pometric indices was classified as poor to sufficient, presenting
limited reliability. In previous cross-sectional studies with ado-
lescents, AUC for dyslipidemia, diabetes mellitus, and arterial
hypertension were also lower than .7 [8,9]. On the other hand,
reliability of anthropometric indices for tracking individual car-
diovascular risk markers from studies conducted with the adult
and elderly population is greater, ranging from sufficient to good
[17,18,35]. This divergence of findings between different life
stages can be explained by the fact of cardiovascular diseases to
be a chronic condition and may take time to establish so that
body shape more reliably reflects cardiometabolic condition.
Thus, both body shape and cardiovascular risk markers may not
be fully established in adolescence, which interfere on reliability
of anthropometric indices.

Unlike individual cardiovascular risk markers, all the
anthropometric indices presented very good to excellent pre-
dictive capacity for MetS, and there is not an index with superior
predictive capacity than other. Similar findings are observed in
other studies in adolescents [10,11]. This is because of the fact
that individuals with greater body fat and abdominal circum-
ference are more likely to present simultaneous metabolic
changes [36]. This condition increases test accuracy, yielding AUC
that reflect high predictive capacity.

From the ideal cutoff points calculated by Youden index to
screening MetS, we found similar measures of performance for
all indices. However, we recommend the use of WHR �.55 in
both sexes because it is easy to measure and not requiring tables,
growth curves, age- and sex-specific cutoff points comparedwith
BMI and WC [7]. In addition, biological mechanisms responsible
for the association between abdominal fat concentration and
MetS support this recommendation. Higher waist circumference
is associated with higher amount of ectopic fat. Lipolysis of this
tissue releases free fatty acids that can induce hepatic IR, provide
substrate for lipoproteins synthesis and lipid storage in hepato-
cytes, and induce production of inflammatory adipokines,
angiotensinogen, and cortisol [37]. Therefore, WHR is not only an
excellent tool for screening of MetS but also a potent risk factor
for this metabolic condition.

Other authors too propose the use of WHR for the prediction
of MetS; however, variations in cutoff points have been observed
[19,38]. Cross-sectional studies with Brazilian adolescents found
WHR cutoff points for screening for MetS slightly lower than
those presented in our study. Ribeiro-Silva et al. identified
WHR>.447 for girls and>.448 for boys with a sensitivity of 76%e
78%, respectively [38], and Oliveira et al. found WHR >.46 (aged
12e15 years) and >.48 (aged 16e20 years) with 60% sensitivity
and 70% specificity [19]. In these studies, the cutoff points were
estimated based on the balance between sensitivity and
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specificity, while we used the Youden Index. Youden Index
maximizes correct classification rates and minimizes incorrect
ones; thus, the cutoff point produced by this method generates a
low frequency of false positives and false negatives [39]. These
factors may explain the higher cutoff point presented in our
study.

We present further findings on the predictive capacity of BRI
in adolescents because of the lack of previous studies. In adults,
BRI was able to predict diabetes, uricemia, hypertension, dysli-
pidemia, and MetS and exhibited better reliability than BMI and
BSI for the prediction of prediabetes [24,25]. In our results, BRI
presented a sufficient predictive capacity to detect almost all
cardiovascular risk markers among boys, with an emphasis on IR
in boys. In girls, it was able to predict BP andMetS. However, AUC
values calculated for BRI were identical to those obtained for the
WHR, equal to studies in adults [24,25].

In this way, we believe that BRI does not provide additional
information in relation to WHR. In addition, because of the
complex calculation of BRI, an online calculator is made available.
However, in large-scale screening or in situations where health
professionals require real-time information, indices that can be
calculatedwith a handheld calculator are preferred, as in the case
of BMI and WHR.

None of the anthropometric indices were able to predict
altered FG. Previous studies have found AUC very close to .5 or
lower [9,40]. Excess weight or increase in body size may not be
the most important factor for the screening of fasting glucose in
adolescents, so other factors such as lifestyle and genetics could
play a role in the modulation of this outcome [40].

Some limitations of the study include the fact that 25.5% of
the adolescents did not participate in the blood tests. Because of
this, the data were not analyzed by different phases of adoles-
cence. Studies with adolescents may present a higher nonre-
sponse rate because parents and/or guardians must sign an
informed consent form for the participation of their children as
well as the adolescent. To reduce the impact of this limitation,
the data were weighted, considering the nonresponse rate [26].
Because it is a predominantly healthy population, in which
occurrence of outcomes is relatively low compared with adult
population, reliability of anthropometric indices may have been
affected. Furthermore, analyses were not controlled by potential
confounding factors such as diet, physical activity, smoking, and
alcohol consumption.

The strengths of this study are related to its external validity
because the sample was randomly selected from a previously
defined reference population, minimizing selection biases. How-
ever, we emphasize that the external validity of these results is
restricted to populations with a low prevalence of obesity and hy-
pertension, around 5% and 7%, respectively. This is a population-
based study, composed of a representative sample of the city of
Palmas that had not been studied yet. We emphasize that all data
used are objective and collected by trained researchers in a large
sample. In addition, the data entered in the PDA by researcherswas
regularly checked to identify outliers and/or preference in entering
specific measures, reducing the impact of typing errors.

In conclusion, anthropometric indices, such as CoI, BSI,
adjusted BSI, and BRI, do not present superior reliability than
BMI,WC, andWHR for the screening of CRM andMetS. The use of
anthropometric indices for the prediction of CRM is limited, thus
should be used with caution. This study supports the use of the
WHR for the screening of MetS in adolescents, and the cutoff
point �.55 can be used for both sexes. Although there is no



Table 5
Optimal cutoff values and measures of performance for metabolic syndrome
screening in adolescents according to sex

Metabolic
syndrome

Cutoff
values

Sensitivity
(%)

Specificity
(%)

PPV
(%)

NPV
(%)

Youden
Index

Girls
BMI 27.1 100.0 97.0 35.7 100.0 .97
WC 80.4 100.0 94.6 23.8 100.0 .94
WHR .55 100.0 99.3 71.4 100.0 .99
BRI 4.38 100.0 99.3 71.4 100.0 .99
CoI 1.19 100.0 91.6 16.6 100.0 .91
BSI .13 80.0 94.3 19.04 99.6 .74
Adjusted

BSI
.25 100.0 91.3 16.1 100.0 .91

Boys
BMI 26.3 100.0 93.8 30.0 100 .93
WC 91.2 100.0 96.0 42.8 100 .96
WHR .55 100.0 96.9 46.1 100 .96
BRI 4.48 100.0 96.9 46.1 100 .96
CoI 1.19 100.0 87.3 17.1 100 .87
BSI .13 83.3 82.5 11.1 99.4 .65
Adjusted

BSI
.27 100.0 96.9 46.1 100.0 .96

BMI ¼ body mass index; BSI ¼ body shape index; BRI ¼ body roundness index;
CoI ¼ conicity index; NPV ¼ negative predictive value; PPV ¼ positive predictive
value; WC ¼ waist circumference; WHR ¼ waist-to-height ratio.
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superiority in reliability among the 7 anthropometric indices for
MetS and there is a similar number of false positive and negative
values between them, the WHR uses easily obtainable measures
(waist and height) and easy interpretation of results.
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