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Abstract

Objective: To build a percentile table for body mass index (BMI) for
adolescents aged 10 to 14 years in the city of Curitiba, state of Paraná,
Brazil, and compare the values found for overweight (85th percentile)
and obesity (95th percentile) with Brazilian and international BMI reference
values. Methods: Mixed longitudinal study with 5231 evaluations of
adolescents aged 10 to 14 years (2471 in boys). This sample was obtained
by adding 4321 semester evaluations conducted from 1998 to 2002
(longitudinal study) to 910 individual evaluations made in 2006 (cross-
sectional study). BMI was calculated as the ratio of body mass (kg) divided
by height (m) squared. Frequency tables were prepared based on percentile
distribution. A nonparametric binomial test was used to identify differences
in cut-off points for overweight and obesity from the Brazilian studies
conducted by Cintra et al. and by Conde and Monteiro, and the international
study by Cole et al. Results: When compared with reference values,
overweight was overestimated for adolescents of Curitiba if the reference
values by Cole et al. and Conde and Monteiro were used, and
underestimated when compared with the regional reference described by
Cintra et al. The same trends were found for the 95th percentile (obesity),
but not for all ages. Conclusion: The differences from the BMI values
suggested as cut-off points in Brazilian and international overweight and
obesity reference values indicate that specific references should be used
for each population.
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INTRODUCTION

Overweight and, particularly, obe-
sity are associated with several epide-
miologically important health problems
that account for 68% of deaths and tem-
porary or permanent disability in the
world population.1 Obesity is recognized
as one of the risk factors for the develo-
pment of metabolic disorders and is as-
sociated with morbidities, such as coro-
nary heart disease, hypertension and
diabetes.2-5 Many of these disease pro-
cesses begin in childhood and adolescen-
ce, and sometimes as early as in intrau-
terine life.6,7

The frequency of obesity cases has
increased worldwide. Studies should in-
vestigate the magnitude and determinant
factors of this problem in different regi-
ons to develop effective programs that
respect specific regional characteristics
and whose purpose is to reduce this cau-
se of morbidity.8-10

In 1997, the International Obesity
Task Force (IOTF) recommended the use
of the body mass index (BMI) to evalua-
te the nutritional status of populations
and analyze temporal trends in the vari-
ation of body composition of the world
pediatric population.11

Different BMI cut-off points have
been described for the diagnosis of
overweight and obesity in Brazil and in-
ternationally,12-14 but specific ethnic, cul-
tural and social issues in each region should
be taken into consideration to define what
reference values should be used.15

Studies have shown variations in
the prevalence of overweight and obesi-
ty among adolescents in the many diffe-
rent regions of Brazil,8,16-18 but an effec-
tive comparison between results is
difficult because of the different metho-
ds used. This study described, in percen-
tiles, the BMI for adolescents up to 14
years of age and compared the percenti-
les for overweight (85th-0) and obesity
(95th) with national and international BMI
reference values.

METHODS

This descriptive mixed longitudinal
cohort study used purposive sampling
and, in agreement with the criteria esta-
blished by the World Health Organiza-
tion (WHO), defined adolescence as the
time from 10 to 19 years of age. Adoles-
cents aged 10 to 14 years were included
it they studied in public or private
schools of the city of Curitiba, state of
Paraná, Brazil. According to the Brazili-
an census bureau (IBGE),19 the total
number of adolescents aged 10 to 14
years in Curitiba is 223,285, and they
study in 213 elementary schools. In the
schools where the principals accepted to
participate in the study, an informed con-
sent term that explained the procedures
was handed out and taken home for the
adolescents and their parents or guardi-
ans to sign. Adolescents were excluded
if they had any physical impairment that
precluded anthropometric evaluations or
used any medication that might affect
their growth.

The number of participants was
estimated for a 95% confidence interval
and a 3% sampling error for an expec-
ted 15% prevalence of overweight and a
design effect of 3.5. The result was 789
individuals. This number was increased
in 20% to a total of 945 individuals be-
cause of possible losses, the possibility
of missing data during evaluation, and
the school drop-out rate, which is 0.07%
in the state of Paraná,19 where Curitiba is
located.

The group was evaluated every six
months from 1998 to 2002, and a data-
base with 4321 longitudinal observations
was generated. In addition, cross-secti-
onal evaluations made in 2006 of 910
other adolescents were included, and the
total was 5231 observations (2471 of
boys). Therefore, the curve was built
using a mixed longitudinal method.20

This study followed the ethic prin-
ciples of research with human beings
according to the CNS Directive no. 196/
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96 and was approved by the Ethics in
Research Committee of Universidade Fe-
deral do Paraná (UFPR), Curitiba.

Anthropometry and body
composition

Body mass was measured to the
nearest 100 grams using a digital scale
(PLENNA). Adolescents were examined
while standing, barefoot and wearing only
light clothes. Their weight was measu-
red twice, and the arithmetic mean for
their weight was calculated. If there were
differences greater than 200 grams, their
weight was measured a third time.21 The
scale was calibrated every six months
according to the standard procedures of
the laboratory of the Center of Research
in Exercise and Sports of the institution
where the study was conducted.

Height was measured to the nea-
rest 0.1 cm using a portable wall-moun-
ted stadiometer (WCS).  The adoles-
cents were barefoot and standing on the
stadiometer base at a square angle with
the vertical rod of the stadiometer. Ana-
tomic references were checked during
the measurement: heels, which should
be together, the position of the hips
(gluteal region) and of the scapulae
(thoracic region). The arms were held
free along the body, with the palms tur-
ned toward the thighs, and the head
was centralized and positioned anato-
mically in the Frankfort position. The
adolescents were told to hold their bre-
ath at the time of measurement. Two
measurements were made, and the
mean of the two values was calculated;
if the difference between the two was
greater than 0.2 cm, another measure-
ment was made.21

BMI was calculated by dividing body
mass by height squared: BMI = body
mass (kg) / height (m)2

The cut-off points for overweight
(85th percentile) and obesity (95th per-
centile) were compared with the referen-
ce values described by Conde and Mon-
teiro14 for a representative Brazilian

population, by Cintra et al.,22 for a refe-
rence population in a Brazilian state capi-
tal, as Curitiba is also a state capital, and
by Cole et al.,12 whose values are used as
the international reference recommended
by the International Obesity Task Force
(IOTF). The cut-off points of these refe-
rence values for ages 10 to 14 years for
both sexes are shown in Table 1.

All those involved in measurements
were previously trained for the evaluati-
ons in the Center of Research in Exercise
and Sports of Universidade Federal do
Paraná, Curitiba.

Statistical analysis
Data about body mass and height

for each age group were described as
means and standard deviations. Sample
distribution was evaluated using the Kol-
mogorov-Smirnov test for normality and
the Lilliefor correction estimated at
p < 0.05 for all ages of both sexes accor-
ding to a Gaussian distribution. Frequen-
cy tables were built according to the per-
centile distribution.

BMI values were previously orde-
red from the lowest to the highest value
and then subdivided into 100 parts of
equivalent size, called percentiles, and
the corresponding values were used for
the 5th to the 95th percentile. A nonpa-
rametric binomial test was used to de-
tect the proportionality of the cut-off po-
ints of the 85th and 95th percentiles
calculated in this study in comparison
with the cut-off points in Brazilian14,22 and
international12 reference values at a 95%
confidence interval.

RESULTS

Table 2 shows the distributions of
weight and height of boys and girls ac-
cording to age. BMI percentile values are
shown in Table 3 according to sex and
age group.

The comparisons of BMI values cor-
responding to the 85th percentile are
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shown in Table 1. The comparison of BMI
for students in Curitiba and the Brazilian
reference values14 revealed that the BMI
in the 85th percentile of the Brazilian
table corresponded to a lower percentile
for all ages and both sexes.

The comparison of results with the
reference values22 for the same percen-
tile revealed statistically greater values
in Curitiba for all ages in the group of
girls; in the group of boys, the same was
found for ages 10 to 13 years, but no
statistical differences were found for age
14 years (Table 1).

The comparisons with the interna-
tional reference value12 revealed that the
values for girls were statistically lower
for ages 10, 11 and 12 years; however,
for ages 13 and 14 years, the values were
similar to those in the 85th percentile for
girls in Curitiba, and there were no sta-
tistically significant differences. For boys,
however, there were statistically signifi-
cant differences for ages 10, 11, 12 and

13 years, but no significant differences
were found for age 14 years (Table 1).

The analysis of the 95th percenti-
le, considered the cut-off point for obe-
sity, showed that the Brazilian reference
values were statistically lower for ages
10, 11 and 12 years; however, for ages
13 and 14 years, there were no statisti-
cally different values for girls. For boys,
there were statistically significant diffe-
rences for ages 10, 12 and 13 years, but
not for ages 11 and 14 years (Table 1).

The comparison with regional refe-
rence values showed that the 95th per-
centile for girls had statistically greater
values for ages 10, 11 and 12 years, but
not for ages 13 and 14 years. For boys,
however, there were statistically greater
values for ages 10, 11, 12 and 13 years,
but not for age 14 years (Table 1).

The comparison with the interna-
tional reference values revealed that
girls had significantly greater percenti-
les for ages 11 and 12 years, but not for

Table 1: Comparative analysis of 85th and 95th percentiles of BMI of students in
Curitiba, state of Paraná, Brazil (1998 to 2002 and 2006) and Brazilian, regional
and international reference tables

Age n Brazilian Percentile p Regional Percentile p International Percentile preference values in Curitiba reference values in Curitiba reference values in Curitiba

Girls 85thP cut-off point 85thP cut-off point 85thP cut-off point
10-10.99 709 18.63 P64* 0.001 22.17 P90* 0.001 19.8 P78* 0.00111-
11.99 716 19.51 P64* 0.001 22.66 P89* 0.002 20.7 P77* 0.00112-
12.99 535 20.55 P72* 0.001 23.39 P89* 0.005 21.7 P81* 0.00213-
13.99 438 21.69 P80* 0.004 23.95 P90* 0.002 22.6 P85 0.45714-
14.99 362 22.79 P81* 0.047 24.59 P92* 0.004 23.3 P86 0.401

Boys
10-10.99 661 19.09 P71* 0.001 22.55 P93* 0.001 19.8 P78* 0.001
11-11.99 586 19.68 P72* 0.001 23.24 P91* 0.001 20.6 P80* 0.001
12-12.99 495 20.32 P75* 0.001 23.64 P91* 0.001 21.2 P80* 0.001
13-13.99 386 20.99 P73* 0.001 24.26 P93* 0.001 21.9 P80* 0.004
14-14.99 343 21.66 P75* 0.001 23.86 P87 0.254 22.6 P82 0.139

Girls 95thP cut-off point 95thP cut-off point 95thP cut-off point
10-10.99 709 22.32 P91* 0.001 25.41 P98* 0.001 24.1 P95 0.351
11-11.99 716 23.54 P92* 0.001 25.84 P97* 0.010 25.4 P97* 0.011
12-12.99 535 24.89 P93* 0.001 26.89 P97* 0.008 26.7 P97* 0.008
13-13.99 438 26.25 P95 0.465 27.49 P96 0.234 27.8 P96 0.118
14-14.99 362 27.50 P96 0.254 27.63 P97 0.175 28.6 P96 0.164

Boys
10-10.99 661 24.67 P97* 0.040 25.93 P99* 0.001 24.0 P96 0.220
11-11.99 586 25.58 P96 0.136 26.15 P97* 0.010 25.1 P95 0.510
12-12.99 495 26.36 P97* 0.028 27.02 P98* 0.002 26.0 P96 0.190
13-13.99 386 26.99 P98* 0.001 28.30 P99* 0.001 26.8 P98* 0.003
14-14.99 343 27.51 P97 0.141 27.70 P97 0.139 27.6 P96 0.140

BMI = body mass index.
* p < 0.05
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ages 10, 13 and 14 years, whose values
were very close to those in the 95th per-
centile. For boys, however, values were
similar for ages 10, 11, 12 and 14 ye-
ars, but not for age 13 years, in which
group the value was significantly grea-
ter (Table 1).

DISCUSSION

This study defined BMI percentiles
for the population of adolescents up to
14 years of age in Curitiba. This is the
first BMI reference table developed in this
city using a mixed longitudinal method.
Reference values to evaluate the nutriti-
onal status of children and adolescents

should be used with caution.20 According
to Goldstein and Tanner,15 each geogra-
phical region should have its own refe-
rence values, and their definition should
take into consideration ethnic, cultural
and social characteristics of each region.

Although numerous Brazilian and
international studies have described cut-
off points for BMI, the discussion about
the applicability of these reference valu-
es for the Brazilian population is restric-
ted to a few publications.24-26

The comparison of the cut-off po-
int suggested in the literature to define
overweight, that is, the 85th percentile,
revealed significant differences between
the reference values selected and the
data obtained in our study.

Table 2: Weight and height (mean and SD) of students in Curitiba, state of Paraná,
Brazil, distributed according to sex and age (1998 to 2002 and 2006*)
Age (years) n Weight (kg) Height (cm)
Girls

10 - 10.99 709 37.58 ± 9.57 141.00 ± 11.04
11 - 11.99 716 40.89 ± 10.97 146.13 ± 13.57
12 - 12.99 535 44.56 ± 12.21 150.57 ± 12.32
13 - 13.99 438 48.48 ± 13.56 154.84 ± 12.03
14 - 14.99 362 49.68 ± 13.83 155.48 ± 12.51

Boys
10 - 10.99 661 36.30 ± 9.45 140.96 ± 10.34
11 - 11.99 586 39.43 ± 10.78 144.68 ± 10.78
12 - 12.99 495 43.10 ± 11.95 149.49 ± 11.46
13 - 13.99 386 47.64 ± 12.40 154.91 ± 13.24
14 - 14.99 343 51.00 ± 15.44 157.41 ± 14.26

SD = standard deviation.
*  1998 to 2002 = cohort study with evaluations every six months; 2006 =
prevalence study.

Table 3: Distribution of percentile values of the BMI according to sex and age of
students in Curitiba, state of Paraná, Brazil, in 1998 to 2002 and in 2006*

Age (years) n Percentile
5thP 15thP 25thP 50thP 75thP 85thP 95thP

Girls
10-10.99 709 14.42 15.19 15.9 17.57 19.65 20.95 23.94
11-11.99 716 14.81 15.63 16.49 18.17 20.31 21.84 24.62
12-12.99 535 15.23 16.04 16.96 18.63 20.87 22.63 25.57
13-13.99 438 15.55 16.54 17.39 19.37 21.08 22.62 26.25
14-14.99 362 15.33 16.72 17.78 19.71 21.98 23.24 26.14

Boys
10-10.99 661 14.44 15.3 15.94 17.39 19.5 20.83 23.88
11-11.99 586 14.38 15.41 16.23 17.85 19.98 21.55 25.11
12-12.99 495 14.6 15.92 16.66 18.39 20.26 22.04 25.39
13-13.99 386 15.16 16.42 17.25 19.12 21.29 22.49 24.78
14-14.99 343 15.76 16.83 17.7 19.27 21.68 23.37 26.39

BMI = body mass index.
*1998 to 2002 = cohort study with evaluations every six months; 2006 = prevalence study.
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For ages 10 to 14 years and both
sexes, BMI for overweight is not the same
as the reference values defined by Con-
de and Monteiro14 as these values were
lower in our study. A BMI of 18.63 for
10-year-old girls is classified as overwei-
ght by Conde and Monteiro14 but the
same BMI value in our study correspon-
ded to the 64th percentile and is not,
therefore, classified as overweight. This
means that, as a group, children in this
study have a BMI for overweight that was
greater than that found for a represen-
tative Brazilian population. If the Brazili-
an curve were used in Curitiba, more in-
dividuals would be classified as
overweight.

In a similar way, if the regional re-
ference values defined for the city of São
Paulo, state of São Paulo, Brazil22 were
used in Curitiba, a smaller number of
individuals would be classified as
overweight because the percentile valu-
es suggested for ages 10 to 14 years for
girls and 10 to 13 years for boys were
greater than those found in our study.
As a group, the adolescents in our study
had lower cut-off points for overweight
than those found for a population in the
São Paulo region.

When compared with the study con-
ducted by Cole et al.12 which evaluated
British, Brazilian, American, Dutch and
Singaporean children, BMI values to de-
fine overweight and their corresponding
percentiles seem to be controversial.
There were no differences for ages 13
and 14 years for girls and age 14 years
for boys. However, at lower ages, the Cole
et al.12 reference values may also ove-
restimate the number of adolescents with
overweight in Curitiba.

Similar results were described by
Vieira et al.,24 who evaluated 610 ado-
lescents aged 12 to 19 years in the city
of Niterói, Brazil, and compared values
with the BMI reference values defined by
Cole et al.12 The authors showed that the
use of the international reference values

may result in the classification of up to
60% of the sample as overweight.

The analysis of the 95th percenti-
le, suggested as the cut-off point to defi-
ne childhood obesity, revealed a greater
homogeneity of results, and some per-
centiles in our sample were not different
from those in other Brazilian or interna-
tional studies.

In the groups of girls, our study
found a BMI greater than the reference
value defined by Conde and Monteiro for
obesity; therefore, more girls would be
classified as obese at ages 10 to 12 ye-
ars. In contrasts, when compared with
the reference values for São Paulo, a
smaller number of adolescents would be
classified as obese at ages 10 to 12 ye-
ars. At ages 13 and 14 years, the values
found for both Brazilian comparisons
were similar.

Among boys, both reference tables
classified a smaller number of individu-
als as obese. Significant differences from
the international reference values were
less frequent and found only for ages 11
and 12 years for girls and 13 years for
boys; if used, a smaller number or indi-
viduals would be classified as obese.

Barbosa et al.27 conducted a study
with 181 children aged 5 to 10 years and
found a positive concordance between the
reference values defined by Conde and
Monteiro14 and by Cole et al.12 for the di-
agnosis of obesity among girls. For boys,
there was no concordance. It should be
kept in mind that, in the development of
the study by Cole et al.,12 part of the Bra-
zilian sample came from the study by
Monteiro et al.28

The differences that we found, that
is, lower BMI values among adolescents
in Curitiba than among children in the
city of São Paulo evaluated by Cintra et
al.,22 had already been observed by other
authors that compared the reference va-
lues for São Paulo with the ones defined
by Anjos et al.,29 who found that the cut-
off points for overweight and obesity were
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lower than those found for the populati-
on in the city of São Paulo.

Vitolo et al.,30 in a study to define
sensitivity and specificity of the Brazili-
an14 and international12 cut-off points for
overweight, found that both had excel-
lent specificity and a variable sensitivity
between sexes, but the Brazilian referen-
ce values14 had higher negative predicti-
ve values for both sexes. In the same
line of research, Christofaro et al.25 found
that the Brazilian reference values had
greater accuracy in determining high
blood pressure among adolescents. Both
studies praised the use of national valu-
es and their cut-off points for the evalu-
ation of nutritional status.25,30 In contrast,
Silva et al.26 found that the nutritional
status of Brazilians is similar to that of
the populations of developed countries,
and that the use of international tables
is acceptable.

All the studies mentioned above
included a large number of evaluations,
which may result in some variation in
the results. In the epidemiological stu-
dy conducted by Conde and Monteiro14

in several regions of Brazil, many eva-
luators were responsible for data collec-
tion. In our study, we tried to minimize
this effect, and the evaluations were all
conducted by technicians that were pre-
viously trained in our laboratory for that
purpose.

Another factor that might have con-
tributed to the different percentile results
was the time interval between each stu-
dy. The study conducted by Conde and
Monteiro14 included evaluations made in
the end of the 1980s (1989). Our study
was conducted in the end of the 1990s
(1998-2002). Studies in the literature
draw attention to the fact that, in the last
decades, changes in life styles, such as
the adoption of hypercaloric diets and the

reduction in physical activities, have fa-
vored weight gains in the population.31,32

Some of our findings may be asso-
ciated with the phenomenon knows as a
temporal trend, which suggests that a
reference value should, ideally, be upda-
ted and discussed periodically. In Austra-
lia, a study conducted with adolescents
revealed that BMI increased about 1.0 kg/
m2 from 1985 to 1997.33 This temporal
trend may also have played a role in our
study, as we found a mean BMI increase
of 1.62 kg/m2 between the data collected
in 1989 and the current sample. In con-
firmation of the rapid transition of the
nutritional epidemiological process in Bra-
zil, demonstrated in other studies,34,35 the
results of our study should be analyzed
according to the different time points of
the nutritional process. The dispersion
found in this study may be assigned to
the temporal heterogeneity of the sam-
ple under evaluation.

The cut-off point for overweight,
that is, the 85th percentile, among very
young adolescents showed great variati-
ons, and caution should be taken when
using these values so that underestima-
tion and overestimation of results are
minimized according to the reference
values used. For obesity, that is, the 95th
percentile, variations seem to be smaller
and, consequently, its diagnosis is more
accurate.

Several factors should be taken into
consideration when populations or sam-
ples are compared with national and in-
ternational reference values; some of
them are the ethnic and economic varia-
tions in the different regions of a coun-
try,36 which draw attention to the impor-
tance of defining references for each
region and constantly updating them to
follow up the temporal trends of BMI
among adolescents.
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