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Abstract
Objective: To evaluate the ability of anthropometric measurements to identify
excess android fat and to propose cut-off points for excess central adiposity in
children, according to age and sex.
Design: A cross-sectional study with children from a municipality of Minas Gerais,
Brazil. Receiver-operating characteristic curve analyses were performed to
evaluate waist circumference (WC), waist-to-height ratio (WHtR) and conicity
index (C-index) in estimating excess android fat by dual energy X-ray
absorptiometry (DXA).
Setting: Viçosa, Minas Gerais, Brazil.
Subjects: Children aged 4–9 years (n 788).
Results: Overweight prevalence was 29·1% and android fat percentage was higher
among girls. All central fat measurements were able to discriminate excess android
fat in the age groups evaluated, especially WC and WHtR, with cut-off points
showing good sensitivity and specificity overall.
Conclusions: Because these methods are easy to obtain and inexpensive, it is
possible to use WC, WHtR and C-index in population surveys to evaluate central
obesity. The proposed cut-off points showed satisfactory values of sensitivity and
specificity and can be used in epidemiological studies.
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The increasing prevalence of obesity in childhood can be
considered a global public health problem, as it is asso-
ciated with different co-morbidities(1–3). In addition, the
distribution of body fat plays an important role in the
development of cardiometabolic alterations(4,5).

Although the occurrence of central obesity does not
necessarily mean a high percentage of body fat(6), it is
known that excess visceral fat is related to a worse lipid
profile(7–10), high blood pressure(7) and insulin resistance(8)

in children and adolescents. Therefore, it is important to
evaluate central obesity in childhood through accurate
body measurements.

Computed tomography and MRI are reference methods
to evaluate central obesity as they estimate the amount of
intra-abdominal and subcutaneous fat; however, the high
cost and radiation dose delivered by use of computed
tomography in children make it difficult to apply these
techniques on a large scale(11). Dual-energy X-ray
absorptiometry (DXA) is a technique that evaluates central
fat in children of all ages, as it estimates the amount of fat

in the android and trunk regions(12,13). But again, it is
costly and complex, making its use difficult in epidemio-
logical studies and clinical practice, which require low-cost
and simple-to-execute methods.

BMI is widely used to identify individuals at cardiome-
tabolic risk, especially in children(14,15). However, this index
does not distinguish lean mass from fat mass(16) and it does
not allow us to infer about central adiposity, since some
studies have shown that children and adolescents classified
as lean by BMI have excess fat in the central region(17,18). In
this sense, some anthropometric measurements and indices
have been proposed, such as waist circumference (WC)
and waist-to-height ratio (WHtR), which are simple and
low-cost methods to evaluate central obesity and are cor-
related with cardiometabolic alterations in children(19,20).
The conicity index (C-index) has also been gaining
importance for its associations with metabolic syndrome in
children(21) and alterations in the lipid profile of adoles-
cents(22). It assesses WC in relation to weight and height
and assumes that the human body changes from a
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cylindrical shape to a double-cone shape with accumula-
tion of fat in the abdominal region(23).

Because of the wide variety of measures proposed for
identifying central obesity in children, it is important to
evaluate their performance in estimating central fat com-
pared with reference methods. On the other hand, the lack
of consensus on cut-off points for children is a limitation
for the routine use of these anthropometric measurements,
justifying studies with this theme.

Therefore, the objectives of the present study were to
evaluate the ability of anthropometric measurements
to discriminate excess android fat in Brazilian children and
to propose cut-off points for excess central adiposity,
according to age and sex.

Methods

Population and study design
The present study was of cross-sectional design and car-
ried out with 788 children aged 4–9 years from the city of
Viçosa, Minas Gerais, Brazil. The municipality of Viçosa is
located in Zona da Mata Region at 227 km from the state
capital, Belo Horizonte. According to the 2010 Census,
Viçosa comprises an area of 299 km2 and 72 244 inhabi-
tants, of whom 93·2% live in urban areas. The gross
domestic product per capita in Viçosa was recorded at
R$ 7704·50 in 2014(24).

The sample comprising the group aged 4–7 years is part
of a retrospective cohort study of children born in the
maternity hospital in Viçosa, Minas Gerais, Brazil. The
children were selected among the records of infants
assisted during the first 6 months of life by the Lactation
Support Program (PROLAC), and 669 children were con-
sidered eligible for participation. A sample loss of 259
children (38·7%) was recorded, of whom 176 (26·3%)
were not located (change in address); seventy-five
(11·2%) were not authorized to participate or did not
complete all the study stages; and eight (1·2%) had health
problems that prevented participation. Thus the final
sample of this age group consisted of 410 children.

Participants of the group aged 8–9 years were selected
from the Survey of Health Assessment of Schoolchildren
(Pesquisa de Avaliação da Saúde do Escolar – PASE), a
cross-sectional population-based study to evaluate the car-
diovascular health in children enrolled in urban schools in
the municipality of Viçosa, Minas Gerais, Brazil. In 2015, the
municipality had seventeen public schools and seven pri-
vate schools in the urban zone attended by children aged 8
and 9 years, totalling 1464 children enrolled. The Epi Info
software (version 7) was used to calculate the sample size of
the 8–9 years group, considering the prevalence of obesity
of 10·7%(25), tolerated error of 3%, confidence level at 95%
and 20% increase to cover losses, making a final sample of
392 children. Stratified random sampling was used to select
the students, and the number of children sampled in each

school was weighted according to the school size. Next, a
draw was carried out using a random number table to
complete the number of students needed for each school.

Children under chronic use of medications and with
physical, cognitive or multiple disabilities were not inclu-
ded. Once the invitation to participate in the study had
been accepted by the parents or guardians, we started data
collection at the Health Division of the Federal University
of Viçosa.

At the end of the data collection, we recorded 4·2% of
losses due to the non-accomplishment of all stages of the
study by some children. The final sample of children aged
8 and 9 years consisted of 378 individuals.

The total sample power of the study (788 children),
considering the prevalence of 29·1% of overweight chil-
dren and a 95% CI, was calculated at 100%.

Anthropometric evaluation
Data collection was performed in a suitable room by a
trained member of the research team, with participants
wearing light clothing and no shoes. Weight was mea-
sured on a digital electronic scale, with a capacity of
150 kg and accuracy of 0·1 kg. Height was measured using
a stadiometer graduated in millimetres, according to Jel-
liffe(26). Weight and height were measured in duplicate,
using their average values.

BMI was calculated using weight and height data.
Children’s nutritional status was diagnosed according to
the WHO Z-score recommendation(27,28) adopted by the
Brazilian Ministry of Health(29). Overweight and obese
children were grouped as overweight.

Central fat measures
All measures were classified at a later stage, using cut-off
points with the best sensitivity and specificity values for
android fat, according to age and sex.

WC was measured with an inelastic measuring tape with
a 0·1 cm precision at the level of the umbilical scar. Chil-
dren remained standing, abdomen relaxed, arms hanging
along the body, with their feet joined and body weight
supported by both legs(30). WC was measured in dupli-
cate, using the average value of the two measurements.
WHtR was calculated by dividing WC (in centimetres) by
height (in centimetres)(31). The C-index was calculated
from WC (in metres), weight (in kilograms) and height (in
metres) using Valdez’s formula(23):

C-index=
WC ðmÞ

0�109 ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
weight ðkgÞ=height ðmÞp :

Android fat
Fat in the android region was determined by DXA (Lunar
Prodigy Advance; GE Medical Systems Lunar, Milwaukee,
WI, USA) using the device software to analyse body
composition. The children remained supine on the table
and rays were emitted and measured by a discriminant
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energy detector. The children also followed a laboratory
protocol for the examination and wore light clothes
without any metal ornament.

Android fat comprises the region between the ribs and the
pelvis, with the upper limit at 20% of the distance between
the iliac crest and the neck and the lower limit above the
pelvis(13). No cut-off points were found for the diagnosis of
excess android fat in children in the literature. Therefore,
values greater than the 90th percentile of the sample were
considered as increased, according to age and sex (girls: 4–5
years, 21·6%; 6–7 years, 28·5%; 8–9 years, 40·3%; boys: 4–5
years, 18·8%; 6–7 years, 25·8%; 8–9 years, 33·8%).

Statistical analyses
Statistical analyses were performed using the statistical
software package IBM SPSS Statistics for Windows version
20.0. Variables were tested for normality using the Kol-
mogorov–Smirnov test.

Descriptive analyses were performed using frequencies
(95% CI) and medians (interquartile range) and compar-
ison of medians between two independent groups by the
Mann–Whitney test. Pearson’s χ2 test was used to compare
the frequencies of WC, WHtR and C-index increased
according to sex and overweight. Spearman correlation
coefficients were obtained to evaluate the correlation
between BMI and other anthropometric measures.

Receiver-operating characteristic curves were con-
structed to evaluate the ability of central fat measurements
to discriminate excess android fat using DXA (>90th per-
centile). In addition, cut-off points were estimated for
excess central fat with the best sensitivity and specificity,
positive predictive values and negative predictive values
for the different measurements. Hypotheses were tested at
5% significance level.

Ethical aspects
The study was approved by the Human Research Ethics
Committee of the Federal University of Viçosa (reference

numbers 892476/2014 and 663.171/2014). Interviews were
carried out only after the participants had been informed of
the research objectives and their parents/guardians had
signed the Informed Consent Form.

Results

The sample consisted of 51·7% boys, and almost 30% of
children in the sample were overweight. The girls had higher
percentages of android fat compared with boys (Table 1).

Table 2 shows a high prevalence of overweight children
and of increased android fat (31·1%) and central fat
measures (WC: 65·4%; WHtR: 66·7%; C-index: 44·7%).
The prevalence of increased android fat (0·9%) and cen-
tral fat measures was low in non-overweight children (WC:
2·9%; WHtR: 4·8%; C-index: 5·9%). Accordingly, BMI
showed a direct correlation with WC (r= 0·861, P< 0·001),
WHtR (r= 0·644, P< 0·001) and C-index (r= 0·401,
P< 0·001) for both sexes (data not shown).

The receiver-operating characteristic curve analysis
showed that all measures were able to identify excess
android fat in the studied age groups, in both sexes (Table 3).
Cut-off points of anthropometric measurements capable of
estimating excess central fat were identified for each age
group and sex.We observed that theWC cut-off ranged from
55·6 to 69·3 cm, that for WHtR from 0·47 to 0·51 and C-index
cut-off from 1·21 to 1·29. In general, sensitivity (62·5 to
100·0%) and specificity (78·2 to 100·0%) values were
satisfactory; however, positive predictive value was low in
almost all age groups for the central fat measures evaluated,
ranging from 29·2 to 100·0% (Table 4).

Discussion

In the present study, all the anthropometric measurements
evaluated were good to identify android fat excess

Table 1 General characteristics of the sample of children aged 4–9 years (n 788), Viçosa, Minas Gerais, Brazil, 2012/2015

Total (n 788) Girls (n 381) Boys (n 407)

Variable
n or

Median % or IQR
n or

Median % or IQR
n or

Median % or IQR P value

Age group, n and %
4–5 years 184 23·4 80 21·0 104 25·6
6–7 years 226 28·7 104 23·3 122 30·0
8–9 years 378 48·0 197 51·7 181 44·5

Income per capita (R$), median and IQR 395·00 255·00–656·67 400·00 250·00–656·67 393·67 255·00–656·66 0·872
Maternal education (years), median and

IQR
11·00 8·00–11·00 11·00 8·00–11·00 11·00 8·00–11·00 0·649

Overweight (%), n and % 229 29·1 106 27·8 123 30·2 0·458
Android fat (%), median and IQR 10·70 6·28–20·30 13·55 8·00–23·15 8·45 5·20–17·75 <0·001*
WC (cm), median and IQR 56·50 53·00–62·20 56·20 52·80–63·20 56·50 53·00–61·45 0·854
WHtR, median and IQR 0·46 0·42–0·49 0·46 0·42–0·49 0·46 0·43–0·49 0·763
C-index, median and IQR 1·17 1·13–1·22 1·17 1·13–1·22 1·17 1·13–1·21 0·680

IQR, interquartile range; WC, waist circumference; WHtR, waist-to-height ratio; C-index, conicity index.
*P< 0·05 (Mann–Whitney test).
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estimated by DXA. WC and WHtR stood out in identifying
excess android fat.

A key strength of the study is the representative sample
size, comprising a wide age range in childhood. Cut-off
points and indices of anthropometric measurements were
proposed for excess central adiposity in relation to
android fat (reference method) in children, according to
age and sex, allowing their utilization in other Brazilian
studies.

Android fat (central) includes intra-abdominal adipose
tissue, which is more lipolytic compared with fat stored in
the gynoid region (peripheral), increasing TAG con-
centrations and the release of fatty acids into the portal
circulation. Furthermore, increased liver clearance of fatty
acids may stimulate hepatic gluconeogenesis, LDL-
cholesterol secretion and inhibit hepatic insulin clear-
ance, causing hyperinsulinaemia and insulin resistance(32).
Studies with children have shown that a high ratio of
android fat to gynoid fat is associated with the worst car-
diometabolic profile(33,34).

We found that girls in the current study had higher
percentages of android fat as measured by DXA. It is
known in adults that men are more prone to accumulation
of visceral fat than women(35). Nevertheless, a different
profile has been observed in children and a study with the
age group of 3–10 years, in Santos, São Paulo, Brazil
showed that girls are about four times more likely to
accumulate fat in the central region of the body(36). At the
end of childhood and the beginning of adolescence, we
can observe greater differences due to physiological
changes, in which the girls accumulate greater adipose
tissue mass whereas boys have a greater gain of lean
mass(37). However, a study with children aged 3–8 years in
New Zealand showed that even before puberty there is a
difference in body composition between sexes, with girls
showing approximately 50% more body fat than boys
(20·4 v. 13·5%, respectively)(38).

The prevalence of central obesity estimated by all
measures was higher in overweight children. It is inter-
esting that a Spanish study also found high prevalence of
increased WC and WHtR in children and adolescents, even
among those classified as normal(17). Such results have
demonstrated that BMI has limitations, such as it does not
discriminate the location of body fat, and that WC and
WHtR are complementary methods which can provide
information to identify the cardiometabolic risk.

WC is an easy-to-execute, low-cost, well-established
and widely used measure for assessing the health status of
adults because it has specific cut-off points according to
sex(39). Its routine use in the paediatric population is still
controversial, since there is no consensus on cut-off points
for this age group(40,41). Therefore, the importance of the
present study regarding the proposed WC cut-off points
for children is justified because it is a good measure to
identify trunk fat(11), besides being associated with cardio-
metabolic risk(42).

As was the case with WC, WHtR stood out in identifying
central obesity in the Brazilian children assessed in the
present study. WHtR is considered good to discriminate
central obesity in different age groups because it has a
single cut-off, regardless of sex and age(43), and it assumes
that there is an acceptable amount of fat in the trunk
region for a certain height(44). Studies that evaluated the
association between WHtR and cardiometabolic risk in
adults proposed 0·50 to be the cut-off point, which is
similar to what we propose herein for both sexes, high-
lighting that its application in the paediatric population is
plausible because it has a weak association with age(31).

C-index has been identified as an important parameter
in the evaluation of body fat distribution in the paediatric
population(45). Although it has performed satisfactorily in
the identification of android fat in children, its routine use
may be hampered by the lack of specific cut-off points.
The cut-off points that we have proposed in the current

Table 2 Prevalence of increased android fat, waist circumference (WC), waist-to-height ratio (WHtR) and conicity index (C-index), according
to overweight, in children aged 4–9 years (n 788), Viçosa, Minas Gerais, Brazil, 2012/2015

Overweight

Yes No

Variable n % 95 CI % n % 95 CI % P value

Android fat
>90th percentile 71 31·1 20·5, 43·1 5 0·9 0·0, 1·4 <0·001*
≤90th percentile 157 68·9 60·9, 75·9 553 99·1 97·9, 99·7

WC†
High 149 65·4 56·9, 72·7 16 2·9 0·0, 20·6 <0·001*
Normal 79 34·6 23·9, 45·7 540 97·1 95·2, 98·3

WHtR†
High 152 66·7 58·3, 73·9 27 4·8 0·1, 19·0 <0·001*
Normal 76 33·3 22·5, 44·6 531 95·2 93·1, 96·3

C-index†
High 102 44·7 35·2, 55·3 33 5·9 0·7, 20·2 <0·001*
Normal 126 55·3 46·4, 64·4 523 94·1 91·7, 95·9

*P< 0·05 (Pearson’s χ2 test).
†Classification according to the cut-off points proposed in the present study.
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Table 3 Areas under the receiver-operating characteristic curve (AUC) of anthropometric measurements capable of identifying excess android fat, according to age group and sex, in children
aged 4–9 years (n 788), Viçosa, Minas Gerais, Brazil, 2012/2015

Total Girls Boys

Variable AUC 95 CI % P value AUC 95 CI % P value AUC 95 CI % P value

WC
4–5 years 0·916 0·829, 1·000 <0·001* 0·967 0·899, 0·993 <0·001* 0·877 0·796, 0·934 <0·001*
6–7 years 0·925 0·849, 1·000 <0·001* 0·867 0·786, 0·926 <0·001* 0·975 0·930, 0·995 <0·001*
8–9 years 0·944 0·919, 0·970 <0·001* 0·937 0·893, 0·966 <0·001* 0·953 0·912, 0·979 <0·001*

WHtR
4–5 years 0·898 0·816, 0·979 <0·001* 0·902 0·815, 0·957 <0·001* 0·904 0·830, 0·954 <0·001*
6–7 years 0·915 0·824, 1·000 <0·001* 0·835 0·749, 0·900 <0·001* 0·980 0·937, 0·997 <0·001*
8–9 years 0·950 0·926, 0·974 <0·001* 0·937 0·893, 0·966 <0·001* 0·963 0·924, 0·985 <0·001*

C-index
4–5 years 0·803 0·737, 0·858 <0·001* 0·828 0·727, 0·903 <0·001* 0·792 0·700, 0·866 <0·001*
6–7 years 0·897 0·849, 0·933 <0·001* 0·837 0·751, 0·902 <0·001* 0·953 0·898, 0·983 <0·001*
8–9 years 0·886 0·850, 0·916 <0·001* 0·885 0·831, 0·926 <0·001* 0·892 0·837, 0·933 <0·001*

WC, waist circumference; WHtR, waist-to-height ratio; C-index: conicity index.
*P<0·05.

Table 4 Cut-off points, sensitivity (Sens.), specificity (Spec.), positive predictive value (PPV) and negative predictive value (NPV) of anthropometric measurements for identifying excess android
fat, according to age group and sex, in children aged 4–9 years (n 788), Viçosa, Minas Gerais, Brazil, 2012/2015

Girls Boys

Variable Cut-off point Sens. (%) 95% CI Spec. (%) 95% CI PPV (%) NPV (%) Cut-off point Sens. (%) 95% CI Spec. (%) 95% CI PPV (%) NPV (%)

WC
4–5 years 55·6 100·0 62·9, 100·0 83·1 72·3, 90·9 40·0 100·0 60·9 70·0 34·8, 93·0 98·9 93·9, 99·8 87·5 96·7
6–7 years 69·3 70·0 34·8, 93·0 100·0 96·1, 100·0 100·0 96·9 64·4 100·0 73·4, 100·0 92·7 86·2, 96·8 60·0 100·0
8–9 years 68·8 100·0 81·3, 100·0 80·5 73·9, 86·0 34·0 100·0 65·0 100·0 81·3, 100·0 79·8 72·8, 85·6 35·3 100·0

WHtR
4–5 years 0·50 87·5 47·4, 97·9 87·5 77·6, 94·1 43·8 98·4 0·51 90·0 55·5, 98·3 89·1 80·9, 94·7 47·4 98·8
6–7 years 0·50 80·0 44·4, 96·9 86·2 77·5, 92·4 38·1 97·6 0·51 100·0 73·4, 100·0 91·8 85·0, 96·2 57·1 100·0
8–9 years 0·47 100·0 81·3, 100·0 78·2 71·4, 84·0 31·6 100·0 0·49 94·4 72·6, 99·1 90·8 85·3, 94·8 53·1 99·3

C-index
4–5 years 1·25 62·5 24·7, 91·0 95·8 88·3, 99·1 62·5 95·8 1·21 70·0 34·8, 93·0 81·3 71·8, 88·7 29·2 96·1
6–7 years 1·29 70·0 34·8, 93·0 98·9 94·1, 99·8 87·5 95·8 1·24 91·7 61·5, 98·6 91·8 85·0, 96·2 55·0 99·0
8–9 years 1·23 83·3 58·6, 96·2 87·7 82·0, 92·1 40·5 98·1 1·21 83·3 58·6, 96·2 85·9 79·6, 90·8 39·5 97·9

WC, waist circumference; WHtR, waist-to-height ratio; C-index, conicity index.
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study can therefore be applied to epidemiological research
with children and it is prudent to evaluate their sensitivity
and specificity values for each population.

The receiver-operating characteristic curve analysis
allowed for the determination of cut-off points for the
measures that identify excess android fat, according to age
group and sex. In general, we suggest that these cut-off
points can be used in epidemiological studies because
they present satisfactory sensitivity and specificity. On the
other hand, at ambulatory level they should be used with
caution, considering that the positive predictive values
were low for most age groups, which would result in false
positives; that is, children would be diagnosed with excess
central fat when they actually present no such alteration.

Three main strengths of the present study should be
highlighted. First, it is one of the few studies proposing
cut-off points for excess central adiposity using WC, WHtR
and C-index in childhood, and the first carried out with
children from Southeastern Brazil. Second, the anthropo-
metric evaluation was performed by a single examiner,
which reduced measurement errors. Third, android fat was
obtained by a reference method (DXA) and is strongly
correlated to intra-abdominal fat in children(39). The study
findings contribute to the establishment of cut-off points
for anthropometric measurements to estimate excess
central adiposity in Brazilian children, since there is no
national consensus for the child population. We suggest
that studies be done using the cut-off points presented
here to validate them for other populations, as well as to
evaluate different cardiometabolic outcomes.

Assessing the accuracy of anthropometric measure-
ments to estimate central fat is fundamental, since obesity
and associated co-morbidities are increasingly prevalent in
childhood, and the adipose tissue being an endocrine
organ that secretes different proteins and adipokines
involved in cardiometabolic alterations. Epidemiological
studies are essential to support the development of public
health policies appropriate to the reality of the child
population, aiming at the improvement of protocols for
assessing body composition.

The present study results allow us to conclude that WC,
WHtR and C-index are good to estimate excess android fat
in Brazilian children, and it would be useful to include
these measures in population studies. The proposed cut-
off points can help scientific research in other Brazilian
studies.
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