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Abstract
Background: The objective of this study was to determine body fat percentiles of adolescents in the city of São
Paulo, Brazil, according to gender, age, and sexual maturation.
Methods: This study involved 4,690 adolescents aged 10–15 years across 31 schools in the city of São Paulo. Sexual
maturation was assessed in terms of Tanner stage. The body fat percentage was calculated using skinfold thickness.
Percentile curves were calculated using the LMS (curve, mean, and coefficient of variation) method.
Results: The mean body fat percentages were lower in boys aged 10–12 and 13–15 years than in girls. Body fat
percentages decreased progressively with sexual maturation in boys, but increased in girls. The 85th, 95th, and 97th
percentiles represent the cutoff points for moderately elevated, elevated, and very elevated body fat percentages,
respectively, in pre-pubescent boys (85th, 95th, and 97th percentiles: 32.54, 95 41.04, and 97, respectively) and
pubescent boys (31.09, 36.30, and 44.33, respectively). These cutoff points were lower in pre-pubescent girls (29.52,
35.01, and 41.82, respectively) and in the 97th percentile in pubescent girls (31.55, 36.20, and 41.86, respectively).
Conclusion: To our knowledge, these are the first body fat percentages cutoff points according to sexual
maturation for adolescents aged 10–15 years in Brazil. Our results provide a significant contribution to the
assessment of body composition in this population.
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Background
Obesity has become a serious public health problem that
affects people of all ages, gender, races, and socioeconomic levels. Its prevalence has increased worldwide in
recent decades, including in developing countries like
Brazil [1,2].
Excess body fat is associated with risk factors such as
diabetes, hypertension, and elevated triglyceride and
cholesterol levels in children and adolescents. Consequently, obesity is associated with the early onset of cardiovascular diseases, and increased risk of morbidity and
mortality in adulthood [3-6].
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During the growth stage, there is some variability in
body fat percentages, meaning subcutaneous and abdominal fat distribution change with age [7].
Body fat composition and distribution differ between
gender. During puberty, for example, hormones induce
pronounced sexual dimorphism, as boys show greater
muscle mass gain than fat mass gain, whereas girls
show greater fat mass gain as a natural part of their
sexual and reproductive development [8]. Based on
these issues, the importance of assessing sexual maturation in studies involving adolescents is now widely
accepted [9,10].
Therefore, the objective of the present paper was to
determine body fat percentiles and cutoff values for excess overweight according to gender, age, and sexual
maturation of a population in adolescents in the city of
São Paulo, Brazil.
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Methods
The adolescents involved in this study took part in the
“Nutritional Profile of Public and Private School
Adolescents in São Paulo” study, a segmented populationbased study that involved anthropometric data collection
and questionnaires.
The original study assessed 8,020 adolescents in 43
randomly selected public and private schools from different regions of São Paulo in 2004 and 2005. Because
the assessment of sexual maturation, which was vital to
the present study, was not permitted at all of the
schools, 4,690 adolescents (58.48% of the original study
sample) aged 10–15 years were eligible for this study.
The subjects were enrolled in grades 5–8 in 31 schools
in São Paulo (25 public and 6 private). Girls accounted
for 54.5% of the study sample.
The schools were randomly selected after considering
the number (32 public and 11 private) and proportions
(3:1) of public and private schools in each region. However, because we needed to exclude schools that did not
include all of the variables necessary for the present
study, the final ratio of public to private schools was
about 4:1. Although there was greater opposition to
assessing sexual maturation at private schools, we also
encountered this problem at public schools in several regions of São Paulo. Therefore, the random selection
process established in the initial study remains. The
schools included in this study were those that received
authorization from their administrations. Only adolescents whose parents or guardians provided written consent were allowed to participate in the study.
Adolescents who satisfied the following criteria were
included in this study: (1) age 10–15 years; (2) complete
data for weight (kg), height (m), and triceps and
subscapular skinfold thicknesses data to assess body fat
percentages; (3) assessment of sexual maturation; and
(4) absence of clinical or functional limitations. Pregnant
adolescents were excluded from the study.
This cross-sectional study was conducted in accordance with the ethical principles for research involving
humans, complying with Resolution CNS 196/96. The
study was approved by the research ethics committee of
the Federal University of São Paulo (CEP no. 0977/03).
Anthropometric assessments were coordinated by a
team of four researchers, three nutritionists, and a
physical education teacher, all of whom were postgraduate students. They were trained in the techniques
and standardization of the methods used, and had previously participated in a pilot study involving >2,000
adolescents.
Body mass measurements (kg) were obtained using a
Seca portable digital scale with a capacity of 150 kg. The
adolescents were weighed while standing on the platform without shoes and wearing light clothing in a
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steady position with their arms relaxed beside their
bodies [11].
Height was measured using a Seca stadiometer at a
90° angle to the floor and according to the parameters
established by Jelliffe [12] and the World Health
Organization (WHO) [11]. Body mass index (BMI) (kg/m2)
was calculated using these data. WHO-proposed criteria
[13] were used to assess nutritional status.
Triceps and subscapular skinfold thicknesses were
measured in triplicate on the left side of the body to the
nearest 0.1 mm using a Sanny scientific caliper, using
techniques that were standardized and recommended by
Lohman et al. [14]. The mean of the triplicate values
was used in the analysis. Body fat percentage was calculated using equations developed by Slaughter et al. [15].
Tanner’s pubertal staging method [16] was used to determine sexual maturation through self-assessment techniques for breast development (B1, B2, B3, B4, and B5)
for girls and genitalia (G1, G2, G3, G4, and G5) for boys.
We validated this approach using the method proposed
by Matsudo and Matsudo [17], and classified adolescents
who reported being in B1 and G1 as pre-pubescent,
those in B2–B4 and G2–G4 as pubescent, and those in
B5 and G5 as post-pubescent.
For the present study, the adolescents were classified
according to their age as being in early adolescence
(10–12 years old) and middle adolescence (13–
15 years).

Statistical analysis

Results are presented as the mean and standard
deviation. The Kolmogorov–Smirnov test [18] was
used to verify that the data were normally distributed.
Dependent variables (weight, height, body mass, BMI,
and body fat percentage) were compared between boys
and girls using analysis of variance with two factors
(gender and age; as biological and chronological factors, respectively), followed by Bonferroni’s multiple
comparison test [18]. The association between BMI
and body fat percentage was done using Pearson
correlation test. The distribution of body fat percentage was assessed using specific percentiles (3th, 5th,
10th, 15th, 25th, 50th, 75th, 85th, 90th, 95th, and
97th). The LMS (curve, mean, and coefficient of variation) method [19] was used to set body fat percentage
cutoff points according to gender, with the following
values: <3th = low body fat; ≥3th to <85th = appropriate; ≥85th to <95th = moderately elevated body fat;
≥95th and < 97th = elevated body fat; and ≥97th = very
elevated body fat [20]. For all analyses, we used a significance level of P < 0.05 [21]. All analyses were done
using Statistical Package for the Social Sciences (SPSS)
software version 18.0.
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Results
A total of 4,690 adolescents participated in the study
(2,555 girls and 2,135 boys). The mean height, weight,
BMI, and body fat percentage were calculated for each
age group and gender. Although the absolute BMI of adolescents aged 13–15 years was greater than that of adolescents aged 10–15 years (Table 1), the prevalence of
excessive weight (overweight and obesity as defined by
WHO standards) was greater in early adolescence (10–
12 years) than in middle adolescence (13–15 years). The
rates excessive weight in adolescents and middle adolescence were 26.71 and 21.46%, respectively in males, and
21.74 and 17.44%, respectively, in females (data not
shown). When we analyzed the differences between early
and middle adolescence, we found that the boys showed
a significant reduction in body fat percentage with advancing age while the opposite was true for girls
(Table 1). Overall, 45.75 and 38.75% of boys and 24.95
and 33.84% of girls aged 10–12 or 13–15 years, respectively, were classified as having excess body fat (data not
shown).
Table 2 shows that there were no significant differences in body fat percentage between boys and girls aged
10–11 years. However, among subjects aged 12–15 years,
mean body fat percentage was significantly higher
among girls than boys (P < 0.001).
Table 3 shows that pubescent and post-pubescent boys
had lower body fat percentages than girls in the same
pubertal stages (P < 0.001). However, there was no significant difference in body fat percentage among the pubertal stages in boys. In girls, body fat percentage
increased significantly with increasing pubertal stage.
We found that 29.56% of pre-pubescent boys and
28.75% of pubescent boys had high body fat percentages,
as compared with 12.07 and 19.29% of pre-pubescent
and pubescent girls, respectively. However, in the postpubertal stage, girls presented with a higher body fat
percentage compared with boys (37.33% vs. 23.53%; data
not shown).
Regarding nutritional status, although there was no
difference in absolute BMI among the pubertal stages in
boys, 33.91% of pre-pubescent, 23.61% of pubescent, and
17.65% of post-pubescent boys had excessive weight.
The respective values in girls were 12.93, 19.42, and

37.33% (data not shown). These results indicate that excess weight was more common in pre-pubescent boys
and post-pubescent girls, validating the higher body fat
percentage in pre-pubescent boys compared with that in
girls of the same pubertal stage.
We next developed gender- and age group-specific
body fat percentiles (Table 4), as well as gender- and
sexual maturation-specific body fat percentiles (Table 5).
In subjects aged 10–12 years, percentiles of ≤50th
were lower in boys than in girls, while the opposite was
true for percentiles ≥75th. Among subjects aged 13–
15 years, almost all of the percentiles were higher in girls
than in boys (Table 4).
Table 5 shows that boys had higher body fat percentages in the pre-pubescent stage alone and that the body
fat percentages of girls increased during puberty. The
body fat percentiles according to sexual maturation in
post-pubescent girls were greater than those calculated
according to age. However, among boys in the same pubertal stage, they were smaller in the 25th percentile and
above.
Table 6 presents the cutoff values for body fat percentages according to gender and age, while Table 7 presents
the cutoff values according to gender and sexual
maturation.
Among boys, the mean body fat percentages of the
85th, 95th, and 97th percentiles were 31.03 vs. 29.10,
37.19 vs. 34.84, and 45.98 vs. 42.82, respectively, for
those aged 10–12 vs. 13–15 years. Among girls, the
mean vales of the 85th, 95th, and 97th percentiles were
31.07 vs. 31.26, 36.07 vs. 35.41, and 42.29 vs. 40.36, respectively, for those aged 10–12 vs. 13–15 years
(Table 6).
Body fat percentage classified as low or very elevated
were not found in post-pubescent boys, and body fat
percentage classified as elevated was not found in boys
or girls. Among boys, the body fat percentages of the
85th, 95th, and 97th percentiles were higher when classified according to sexual maturation than the mean
values for the ages of 10–12 or 13–15 years. For girls, although there was no significant difference in the mean
body fat percentages according to age for the 85th percentile, the differences were greater when classified
according to sexual maturation. The mean values for the

Table 1 Body mass, BMI, and BFP of adolescents aged 10–15 years according to age group
Gender
Boys

Girls

Age (years)

BMI (kg/m2)

BFP

43.0 ± 10.5

19,0 ± 3.5

20.0 ± 8.6

54.8† ± 12.7

20.0† ± 3.8

18.9† ± 8.1

Height (cm)

Body mass (kg)

10–12 (n = 1082)

149.6 ± 8.1

13–15 (n = 1053)

163.7† ± 9.2

10–12 (n = 1311)

151.6* ± 6.3

45.1* ± 10.8

19.4 ± 3.7

20.9 ± 7.4

13–15 (n = 1244)

159.0*† ± 6.3

52,8*† ± 10.1

20.8*† ± 3.5

23.0*† ± 6.8

*Significantly different (P < 0.05) between boys and girls in the same age group; †significantly different (P < 0.05) between the two age groups in the same gender.
Abbreviation: BMI Body mass index, BFP Body fat percentage.
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Table 2 Comparison of body fat percentages between boys and girls aged 10–15 years
Boys

Girls

P

Age (years)

n

Mean (DP)

Range

n

Mean (DP)

Range

10

93

20.92 (8.2)

6.0–51.3

117

20.7 (7.8)

8.1–48.2

0.88

11

457

20.20 (8.9)

4.6–58.9

527

20.2 (7.6)

4.3–58.8

0.99

12

532

19.82 (8.5)

4.4–57.2

667

21.5 (7.1)

6.7–48.9

<0.001

13

483

19.36 (8.5)

4.9–65.6

598

22.5 (7.1)

4.4–56.9

<0.001

14

323

18.16 (7.6)

4.7–50.9

400

23.4 (6.7)

7.5–51.2

<0.001

15

103

16.79 (6.0)

6.2–38.8

100

23.2 (5.3)

4.3–36.4

<0.001

Abbreviation: DP, Standard deviation.

95th and 97th percentiles classified according to age
approached those according to sexual maturation.

Discussion
We present data and percentile curves of body fat percentages, based on skinfold thicknesses, for Brazilian adolescents aged 10–15 years. Although the measurement
of skinfold thickness is considered very useful in epidemiological studies because of its ease of measurement
and low cost, Deurenberg et al. [22] reported an error
rate of 3–5% when it is used for pre-pubescent
adolescents.
Body fat percentages can be used in obesity prevention
as a specific assessment tool because BMI represents a
single gross value for body fat, and does not differentiate
between gender and pubertal stage. Therefore, the use of
BMI may result in misclassification of obesity [23].
In this study, we confirmed that, in early adolescence
(10–12 years old), there were no significant differences
in BMI or body fat percentages between boys and girls.
However, in middle adolescence (13–15 years old), boys
had lower body fat percentages than girls, even though
boys were taller and had greater body mass.
The mean body fat percentages of girls aged 10–12
and 13–15 years were very similar to those reported by

Papandreou et al. [24]. However, our values were much
lower than those reported by Ogden et al. [25], who
analyzed body fat percentages in children and adolescents in the United States using dual-energy X-ray absorptiometry. The mean body fat percentages in boys
and girls aged 10–12 years differed by 8 and 11%, respectively, for subjects aged 10–12 years, and by 5.5%
and 9.3%, respectively, for subjects aged 13–15 years between the two studies. Although we must consider that
the differences in methods used in these studies contributed to the different values, skinfold thickness is widely
measured in population studies and in public health
clinics. Therefore, the data presented in this study are
very important for the development of body fat percentage screening tools.
In middle adolescence, the body fat percentages were
higher in girls than in the boys in the pre-pubescent and
pubescent stages. Similar results were reported by other
authors [20,24,26-28]. These differences reflect physiological development, as girls gain more body fat while
boys gain more muscle mass during puberty [29]
because of the drastic hormonal changes that induce
important modifications in growth, bone mass, and
body composition. These modifications are associated
with certain biochemical parameters—true “markers”—

Table 3 Body mass, height, BMI, BFP of adolescents according to sexual maturation
Gender

Sexual maturation

Boys

Pre-pub. (n = 115)
Pub. (n = 2003)

Girls

Body mass (kg)

BMI (kg/m2)

BFP

149.4 ± 8.7

44.0 ± 12.2

19.4 ± 3.8

21.0 ± 9.3

156.8† ± 11.1

49.0† ± 13.0

19.6 ± 3.7

19.4 ± 8.3

Height (cm)

‡§

Post-pub. (n = 17)

169.1 ± 13.3

57.5 ± 142

19.8 ± 3.1

16.8 ± 8.4

Pre-pub. (n = 116)

146.2 ± 8.9

38.4* ± 10.3

17.7* ± 3.5

18.5 ± 7.5

Pub. (n = 2364)

155.5*† ± 7.7

49.1† ± 10.9

20.1*† ± 3.6

21.9*† ± 7.1

‡§

26.0*‡§ ± 6.4

Post-pub (n = 75)

‡

158.5* ± 7.0

‡§

57.2 ± 10.1

22.6* ± 3.3

*Significantly different (P < 0.05) between boys and girls in the same pubertal stage; †Significantly different (P < 0.05) between the pre-pubescent and pubescent
stages; ‡Significantly different (P < 0.05) between the pre-pubescent and post-pubescent stages; §Significantly different (P < 0.05) between the pubescent and
post-pubescent stages.
Abbreviation: BMI Body mass index, BFP Body fat percentage, Pub Pubescent.
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Table 4 Body fat percentiles according to gender and age group
Gender

Age group (years)

3th

5th

10th

15th

25th

50th

75th

85th

90th

95th

97th

Boys

10–12 (n = 1082)

8.6

9.4

10.4

11.6

13.4

18.2

26.1

29.9

31.6

35.1

39.0

13–15 (n = 909)

8.4

9.5

10.5

11.4

13.1

16.4

22.3

27.6

29.7

33.5

37.7

Girls

10–12 (n = 1311)

9.5

10.4

12.1

13.4

15.5

19.6

25.1

28.1

31.1

35.4

37.3

13–15 (n = 1098)

11.4

12.4

14.7

16.2

18.1

22.4

26.3

29.2

32.3

35.4

37.1

which regulate bone ‘turnover’ and leptin levels,
reflecting changes in bone growth and fat mass, respectively [30,31].
To date, no Brazilian study has determined body fat
percentages at different stages of sexual maturation,
even though such data are vital during adolescence because of the marked variation in pubertal events among
individuals of the same gender and age. Moreover, BMI
was shown to increase in each stage of sexual maturation [32]. Thus, this study presents an important
contribution to body composition assessment in adolescents, increasing the reliability of this parameter during
adolescence.
When body fat percentages were distributed in
percentiles, we found that our values were slightly
higher than those reported by McCarthy et al. [20] and
Kurtoglu et al. [26], but were lower than those reported
Papandreou at al [24], who measured body fat
percentage using bioelectrical impedance analysis. In
the study by Ogden et al. [25], the body fat percentages
were much higher than those reported in the studies
cited above [20,24,26] and the present study, because
the 95th percentile for body fat was >40% in boys and
girls.
When we evaluated body fat percentage according to
sexual maturation, we found that pre-pubescent boys
had 11.4% more body fat than did girls. However, in the
post-pubescent stage, the body fat percentage was nearly
two times higher in girls than in boys (25.2% vs. 13%).
According to Kurtoglu et al. [26], body fat percentage increases during puberty in boys and girls, but decreases

in boys after puberty and remains constant thereafter.
Although we only enrolled adolescents aged 10–15 years
and the number of adolescents considered biologically
mature was small, we did not observe this behavior in
this cohort.
One limitation of this study is that, by separating the
adolescents aged 10–15 years according to sexual maturation stage, most were classified as pubescent and that
there were few pre-pubescent adolescents (predominately male) and post-pubescent adolescents (predominately female). The sample size could also influence our
results. In future studies, it will be necessary to include a
larger sample of subjects, and include subjects in all
stages of sexual maturation.
Surprisingly, the aforementioned studies did not include assessments of sexual maturation. This is an important factor because we found minimal differences in
the mean body fat percentages of the 95th and 97th
percentiles among the pubertal stages in girls. These
results suggest that excess body fat in the early stages of
sexual maturation may persist, increasing the risk of
obesity.
Although no consensus has been reached for the diagnosis of obesity based on body fat percentages, some
authors have defined the 85th and 95th percentiles
as excess body fat and obesity levels, respectively
[20,26,33-38]. The mean values for these percentiles for
adolescents aged 10–15 years were higher in our study
than those reported by McCarthy et al. [20], Kurtoglu
et al. [26], and Papandreou et al. [24], but were lower
than those reported by Odgen et al. [25]. When we

Table 5 Body fat percentiles according to gender and sexual maturation
Gender

Sexual maturation

3th

5th

10th

15th

25th

50th

75th

85th

90th

95th

97th

Boys

Pre-Pub. (n = 113)

8.6

9.7

10.3

11.3

13.4

19.5

27.7

30.4

32.2

36.1

43.3

Pub. (n = 1864)

8.5

9.4

10.5

11.4

13.1

16.9

23.8

27.9

30.9

34.1

37.5

Girls

Post-Pub. (n = 14)

10.6

10.4

10.6

11.4

11.7

12.8

16.8

21.8

23.6

*

*

Pre-Pub. (n = 115)

8.1

8.5

10.2

11.1

13.0

16.7

21.5

24.8

28.1

34.0

35.9

Pub. (n = 2227)

10.4

11.5

13.4

14.9

16.9

21.2

25.7

28.9

31.4

35.3

37.2

Post-Pub. (n = 67)

13.8

15.0

17.7

18.9

21.1

25.1

30.0

34.8

36.8

36.5

37.6

Abbreviation: Pub Pubescent.
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Table 6 Cutoff points for body fat percentages of adolescents aged 10–15 years according to gender
Gender

Age (years)

Low
(<3th)

Normal
(≥3th to <85th)

Moderately elevated
(≥85th to <95th)

Elevated
(≥95th to < 97th)

Very elevated
(≥97th)

Boys

10

6.97 ± 1.25

18.72 ± 5.16

31.56 ± 1.47

36.05 ± 1.10

51.05 ± 0.38

11

7.25 ± 1.35

17.76 ± 5.40

32.50 ± 2.37

40.62 ± 1.76

46.82 ± 4.37

12

7.08 ± 1.19

17.74 ± 5.87

32.12 ± 1.10

36.02 ± 0.96

42.29 ± 5.17

13

7.20 ± 1.04

16.98 ± 4.97

31.02 ± 1.83

37.91 ± 0.92

46.43 ± 7.15

14

7.78 ± 1.36

15.96 ± 4.44

29.31 ± 1.75

34.28 ± 1.45

42.52 ± 5.18

15

7.56 ± 1.43

15.68 ± 4.08

28.52 ± 1.88

33.12 ± 0.92

41.13 ± 5.13

10

8.56 ± 0.41

18.60 ± 4.69

32.54 ± 2.71

37.00 ± 0.77

44.53 ± 3.27

11

6.80 ± 1.41

18.18 ± 4.60

30.90 ± 2.06

36.56 ± 0.77

42.10 ± 5.85

12

8.97 ± 1.06

19.60 ± 4.52

31.48 ± 2.07

36.57 ± 0.65

41.59 ± 2.60

13

9.02 ± 1.68

20.72 ± 4.30

31.95 ± 1.84

36.81 ± 0.68

43.13 ± 6.21

14

10.41 ± 1.42

21.71 ± 4.32

32.97 ± 1.64

36.33 ± 0.46

42.04 ± 4.46

15

13.18 ± 0.25

21.93 ± 3.62

30.48 ± 1.86

33.97 ± 0.03

36.09 ± 0.41

Girls

calculated body fat percentages according to sexual
maturation, we found that the 85th and 95th percentiles were about 0.5% higher in pre-pubescent and
pubescent boys than the values for boys aged 10–12
and 13–15 years. However, these percentiles were
lower in pre-pubescent girls than in girls aged 10–
12 years, but were higher in pubescent girls than in
girls aged 13–15 years. These data demonstrate the impact of sexual maturation on body composition, and
the importance of assessing sexual maturation in adolescents. Because the boys in our population were
more frequently classified as overweight, consistent
with our clinical experience, we consider it important
to use these data when assessing body composition of
adolescents.

Conclusion
To our knowledge, this is the first study to determine
body fat percentages of adolescents according to

gender and sexual maturation, and demonstrate the
important of assessing pubertal stage because the age
at which each stage is reached can vary considerably.
Because sexual maturation has a significant influence
on body composition, cutoff values that only consider
chronological age are inadequate for assessing obesity
in adolescents. Thus, this study presents a significant
contribution showing the influence of sexual maturation on body fat development, and that assessing
sexual maturation is essential to better understand the
characteristics of adolescent obesity. Other studies
using homogenous samples of all pubertal stages are
necessary to confirm our findings. Nevertheless, the
values and percentile curves for the body fat percentage of adolescents according to age, gender, and sexual
maturation will help doctors and other health advisors
to identify and prevent obesity in adolescents, and
lower the risk of obesity and its associated health problems in later life.

Table 7 Cutoff points for body fat percentages of adolescents aged 10–15 years according to gender and sexual
maturation
Gender

Sexual maturity

Low
(<3th)

Normal
(≥3th to <85th)

Moderately elevated
(≥85th to <95th)

Elevated
(≥95th to <97th)

Very elevated
(≥97th)

Boys

Pre-Pub.

7.44 ± 1.86

18.84 ± 6.69

32.54 ± 1.55

41.04 ± 2.35

48.50 ± 3.67

Pub.

7.32 ± 1.17

17.05 ± 5.00

31.09 ± 1.56

36.30 ± 1.00

44.33 ± 5.68

Post-Pub.

____

13.57 ± 2.43

24.18 ± 1.05

___

___

Pre-Pub.

7.86 ± 0.59

16.48 ± 4.46

29.52 ± 3.17

35.01 ± 0.11

41.82 ± 5.68

Girls

Pub.

8.61 ± 1.56

20.03 ± 4.47

31.55 ± 1.80

36.20 ± 0.54

41.86 ± 4.84

Post-Pub.

11.98 ± 3.05

24.90 ± 4.97

36.83 ±0.62

___

38.73 ± 1.10

Abbreviation: Pub Pubescent.
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Abbreviation
BFP: Body fat percentage; WHO: World Health Organization; BMI: Body mass
index; LMS: (L) curve. (M) mean and (S) coefficient of variation.
Competing interest
The authors have no conflicts of interest to declare.
Authors’ contributions
IPC conceived, designed, and implemented the study, collected and
interpreted data, and helped to write and revise the manuscript; GLMF
performed statistical analyses, interpreted the data, and helped to write and
revise the manuscript; ACSVS helped to implement the study and to write
the manuscript; MAZP was responsible for the data collection, helped
implement the study, and helped to write the manuscript; MF was
responsible for coordinating original study and contributed to the
intellectual content; MSSV interpreted the data, and helped to write and
revise the manuscript. All authors have read and approved the manuscript
for publication.
Authors’ information
All authors are registered on the Lattes platform.
Acknowledgments
We acknowledge the support of the Adolescent Division, Pediatric
Department, Universidade Federal de São Paulo (Federal University of São
Paulo) and the International Life Sciences Institute (ILSI). We also thank the
participants, their parents and guardians, the teachers and coordinators at
each school, and the Municipal Government of São Paulo, Brazil.
Author details
1
Adolescence Division, Pediatric Department, Universidade Federal de São
Paulo (Federal University of São Paulo), Rua Botucatu, 715 Vila Clementino,
São Paulo, Brazil. 2Centro de Estudos do Laboratório de Aptidão Física de
São Caetano do Sul (Physical Fitness Research Center of São Caetano do Sul),
São Caetano do Sul, Brazil.
Received: 31 January 2013 Accepted: 13 June 2013
Published: 19 June 2013
References
1. Chaves VL, Freese E, Lapa TM, Cesse EA, Vasconcelos AL: Temporal
evolution of overweight and obesity among Brazilian male adolescents,
1980–2005. Cad Saude Publica 2010, 26:1303–1313.
2. Ebbeling CB, Pawlak DB, Ludwing DS: Childhood obesity: public health
crisis, common sense cure. Lancet 2002, 360:473–482.
3. Cali AM, Caprio S: Obesity in children and adolescents. J Clin Endocrinol
Metab 2008, 93:S31–S36.
4. Guimarães ICB, Almeida AM, Santos AS, Barbosa DBV, Guimarães AC:
Pressão arterial: efeito do índice de Massa corporal e da circunferência
abdominal em adolescentes. Arq Bras Cardiol 2008, 90:426–432.
5. Ribeiro RQC, Lotufo PA, Lamounier JA, Oliveira RG, Soares JF, Botter DA:
Fatores adicionais de risco cardiovascular associados ao excesso de peso
em crianças e adolescentes: O estudo do coração de Belo Horizonte.
Arq Bras Cardiol 2006, 86:408–412.
6. Terres NG, Pinheiro RT, Horta BL, Pinheiro KA, Horta LL: Prevalence and
factors associated to overweight and obesity in adolescents. Rev Saude
Publica 2006, 40:627–633.
7. McCarthy HD, Jarret KV, Crawley HF: The development of waist
circumference percentiles in British children aged 5.0-16.9 y. Eur J Clin
Nutr 2001, 55:902–907.
8. McCarthy HD, Ashwell M: A study of central fatness using waist-to-height
ratios in UK children and adolescents over two decades supports the
simple message –keep your waist circumference to less than half your
height. Inter J Obes 2006, 30:988–992.
9. Linhares RV, Matta MO, Lima JRP, Dantas PMS, Costa MB, Filho JF: Effects of
sexual maturation on body composition, dermatoglyphics, somatotype
and basic physical qualities of adolescents. Arq Bras Endocrinol Metabol
2009, 53:47–54.
10. Goulding A, Taylor RW, Gold E, Barned LJN: Regional body fat distribution
in relation to pubertal stage: a dual-energy X-ray absorptiometry study
of New Zealand girls and young women. Am J Clin Nutr 1996, 64:546–551.

Page 7 of 8

11. World Health Organization: Expert Committee on Physical Status: The use and
interpretation of anthropometry physical status. Geneva, Switzerland: WHO;
1995.
12. Jelliffe DB: Weight scales for developing regions. Lancet 1968, 2:359–360.
13. World Health Organization: Child growth standards: length/height-for-age,
weight-for-age, weight-for-height and body mass index-for-age. Methods and
development. Geneva, Switzerland: WHO; 2006.
14. Lohman T, Roche A, Martorell R (Eds): Anthropometric standardization
reference manual. Champaign, IL: Human Kinetics; 1988.
15. Slaughter MH, Lohman TG, Baileau RA, Horswill CA, Stillman RJ, Van Loan
MD, Bemben DA: Skinfold equations for estimation of body fatness in
children and youth. Hum Biol 1988, 60:709–723.
16. Tanner JM, Tanner JM: Growth at adolescence. 2nd edition. Oxford: Blackwell
ScientificPublications; 1962.
17. Matsudo SMM, Matsudo VKR: Self-assessment and physical assessment of
sexual maturation in Brazilian boys and girls: concordance and
reproducibility. Am J Hum Biol 1994, 6:451–455.
18. Field A: Descobrindo a estatística usando o SPSS. 2ath edition. Porto Alegre:
Artmed; 2009.
19. Cole TJ, Green PJ: Smoothing reference centile curves: the LMS method
and penalized likelihood. Stat Med 1992, 11:1305–1319.
20. McCarthy HD, Cole TJ, Fry T, Jebb SA, Prentice AM: Body fat reference
curves for children. Int J Obes 2006, 30:598–602.
21. Norusis MJ: SPSS for windows: advanced statistics, release 6.0. SPSS Inc:
Chicago, IL; 1993.
22. Deurenberg P, Pietres JJL, Hautvast JGAJ: The assessment of body fat
percentage by skinfold thickness measurements in childhood and
young adolescence. Br J Nutr 1990, 63:293–303.
23. Ellis KJ, Abrams SA, Wong WW: Monitoring childhood obesity: assessment
of the weight/height index. Am J Epidemiol 1999, 150:939–946.
24. Papandreou D, Malindretos P, Rousso I: First body fat percentiles for 607
children from Thessaloniki-Northern Greece. Hippokratia 2010,
14:208–211.
25. Ogden CL, Li Y, Freedman DS, Borrud LG, Flegal KM: Smoothed percentage
body Fat percentiles for U.S. Children and adolescents, 1999–2004.
Natl Health Stat Rep 2011, 43:1–8.
26. Kurtoglu S, Mazicioglu MM, Ozturk A, Hatipoglu N, Cicek B, Ustunbas HB:
Body fat reference curves for healthy Turkish children and adolescents.
Eur J Pediatr 2010, 169:1329–1335.
27. Sung RY, So HK, Choi KC, Li AM, Yin J, Nelson EA: Body fat measured by
bioelectrical impedance in Hong Kong Chinese children. Hong Kong Med
J 2009, 15:110–117.
28. Mueller WH, Harrist RB, Doyle SR, Labathe DR: Percentiles of body
composition from bioelectrical impedance and body measurements in
US adolescents 8–17 years old: Project Heartbeat! Am J Hum Biol 2004,
16:135–150.
29. Tanner JM: Foetus into man: physical growth from conception to maturation.
Cambridge: Havard University Press; 1978.
30. Federico G, Baroncelli GI, Vanacore T, Fiore L, Saggese G: Puberal changes
in biochemical markers of growth. Horm Res 2003, 60:46–51.
31. Rogol AD: Growth, body composition and hormonal axis in children and
adolescents. J Endocrinol Invest 2003, 26:855–860.
32. Pasquarelli BN, Silva VO, Nasr EMB, Loch MR, Filho FBL: Estágio de
maturação sexual e excesso de peso corporal em escolares do município
de São José dos Campos, SP. Rev Bras Cineantropom Desempenho Hum
2010, 12:350–344.
33. Antal M, Peter S, Biro L, Nagy K, Regöly-Mérei A, Arató G, Szabó C, Martos E:
Prevalance of underweight, overweight and obesity on the basis of
body mass index and body fat percentage in Hungarian schoolchildren:
representative survey in metropolitan elementary schools. Ann Nutr
Metab 2009, 54:171–176.
34. Haroun D, Croker H, Viner RM, Williams JE, Darch TS, Fewtrell MS, Eaton S,
Wells JC: Validation of BIA in obese children and adolescents and reevaluation in a longitudinal study. Obesity 2009, 17:2245–2250.
35. Marques-Vidal P, Marcelino G, Ravasco, Camilo ME, Oliveira JM: Body fat
levels in children and adolescents: effects on the prevalence of obesity.
Eur J Clin Nutr Metab 2008, 3:321–327.
36. Wright CM, Sherriff A, Ward SCG, McColl JH, Reilly JJ, Ness AR:
Development of bioelectrical impedance-derived indices of fat and
fat-free mass for assessment of nutritional status in childhood. Eur J Clin
Nutr 2008, 62:210–217.

de Pádua Cintra et al. BMC Pediatrics 2013, 13:96
http://www.biomedcentral.com/1471-2431/13/96

Page 8 of 8

37. Fernandes RA, Rosa CS, Buonani C, Oliveira AR, Freitas Júnior IF: The use of
bioelectrical impedance to detect excess visceral and fat. J Pediatr 2007,
83:529–534.
38. Chan YL, Leung SSF, Lam WWM, Peng XH, Metreweli C: Body fat
estimation in children by magnetic resonance imaging, bioelectrical
impedance, skinfold and body mass index: a pilot study. J Paediatr Child
Health 1998, 34:22–28.
doi:10.1186/1471-2431-13-96
Cite this article as: de Pádua Cintra et al.: Body fat percentiles of
Brazilian adolescents according to age and sexual maturation:
a cross-sectional study. BMC Pediatrics 2013 13:96.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

