
Abstract

Objective: To compare the growth of Brazilian children and adolescents with reference growth charts.

Methods: School-based cross-sectional study involving 41,654 students (23,328 boys and 18,326 girls) aged 7 to 
17 years.  Physical growth variables (body weight, height) and body mass index (BMI) were measured. Height, 50th 
percentile, and BMI, 85th percentile, were compared with the World Health Organization (WHO) reference values, and 
weight, 50th percentile, was compared with the Centers for Disease Control and Prevention (CDC) growth charts. 

Results: Mean height and body weight of Brazilian schoolchildren were generally higher than the WHO and CDC 
reference values for both genders at most ages. BMI values of Brazilian schoolchildren were significantly lower than 
the WHO obesity values at all ages.

Conclusion: The growth in body weight, height, and BMI of children and adolescents in the urban area of Brazil 
is increasingly similar to those reported in developed countries. Further prospective studies should be conducted in 
Brazil comparing their results with the international growth charts to enable more accurate inferences. 
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Introduction

Physical growth has been traditionally monitored by 

means of anthropometric measures of body weight and 

height that are internationally accepted for this purpose.1 

Based on these measures, health agencies, such as the 

Center for Disease Control and Prevention (CDC)2 have 

designed standard physical growth curves that have 

been used for many years as reference values in several 

countries. Even though some countries (Italy,3 Saudi 

Arabia,4 Iran,5 Turkey,6 India,7 and Greece8) have designed 

their own growth charts, they also compare their data 

with the CDC reference values.

Some critics have been made regarding the CDC growth 

charts. For instance, the controversial aspects are related 

to the fact that the sample comprises only U.S. individuals 

and that the growth charts underestimate the physical 

growth of healthy children.9 In that sense, the World Health 

Organization (WHO) has developed a set of growth charts10 

designed based on a study conducted on four continents 

taking into consideration ethnic diversity, similar life 

conditions of the children assessed in different countries, 

same sample design, and epidemiological and statistical 

methods to guarantee control and quality of the charts. 
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In Brazil, there have been initiatives aimed at designing a 

growth chart.11,12 One of them was conducted in the state of 

São Paulo11 and another one was carried out by the National 

Institute of Nutrition (Instituto Nacional de Nutrição).12 The 

first growth chart was published in 1982 and the second 

one in 1990 and both of them need to be revised due to 

the effect of the secular tendency on growth.13 In addition 

to these initiatives, isolated studies conducted in different 

regions and municipalities have been developed.14-16

For some time, the CDC growth charts were used as 

reference values in Brazil2; however, after the publication of 

the WHO values,10 the Ministry of Health recommended the 

use of these growth charts in the country.  Few comparative 

studies involving Brazilian samples and using the recent WHO 

growth charts have been conducted.16 Some investigations 

compared CDC data.14,15 Nevertheless, such surveys were 

conducted with isolated populations due to the difficulty of 

selecting a sample from the several Brazilian regions. 

Thus, the objective of the present study is to compare 

the growth of Brazilian children and adolescents with the 

CDC and WHO reference values for physical growth. 

Methods

Data for this school-based cross-sectional study were 

collected from the Project Sports Brazil (Projeto Esporte 

Brasil, PROESP-BR), a permanent source of indicators of 

growth, development and nutritional status of Brazilian 

children and adolescents from 7 to 17 years old, whose 

main objective is to define the somatomotor profile, habits 

and motor skill factors of children and adolescents with the 

purpose of collecting indicators to support policies of Physical 

Education and Sports for children and youths in Brazil. 

The PROESP-BR is part of a set of projects undertaken 

by the network of Centers of Sports Excellence (Centros de 

Excelência Esportiva, CENESP), linked to the Department 

of Sports Excellence and Events Promotion of the 

National Department of High Performance Sports of the 

Ministry of Sports. Detailed information on the design 

and methodological aspects of the PROESP-BR has been 

published elsewhere.17 The project was approved by the 

Research Ethics Committee of Universidade Federal de Santa 

Catarina (UFSC), Florianópolis, state of Santa Catarina, 

Brazil (Substantiated Report - 218/08).

The population of the present study comprised students 

aged between 7 and 17 years enrolled in public and private 

schools located in the five Brazilian regions (North, Northeast, 

Central West, Southeast, and South). The sample was 

selected using a non-probabilistic and intentional method. 

Information about the PROESP-BR was disclosed at schools 

and the Physical Education teachers who chose to participate 

in the study assessed students and sent data to the project 

coordination. 

Between 2004 and 2005, information regarding students 

from 23 Brazilian states and the Federal District were entered 

into the PROESP-BR database. Data were collected from three 

states of the Central West region [Goiás (n = 1,835), Mato 

Grosso (n = 1,438), and Mato Grosso do Sul (n = 1,023)] 

and the Federal District (n = 2,473), from eight states of 

the Northeast region [Alagoas (n = 401), Bahia (n = 984), 

Maranhão (n = 655), Paraíba (n = 226), Pernambuco (n = 

1,300), Piauí (n = 1,034), Rio Grande do Norte (n = 905), 

and Sergipe (n = 280)], from five states of the North region 

[Amazonas (n = 492), Amapá (n = 1,094), Pará (n = 1,141), 

Rondônia (n = 353), and Tocantins (n = 791)], from four 

states of the Southeast region [Espírito Santo (n = 371), 

Minas Gerais (n = 2,526), Rio de Janeiro (n = 4,361), and 

São Paulo (n = 7,507)], and from three states of the South 

region [Paraná (n = 1,540), Santa Catarina (n = 91) e Rio 

Grande do Sul (n = 8,833). Among the students assessed, 

97.1% were enrolled in schools located in the urban areas 

of the municipalities.

Anthropometric data (height and body weight) were 

collected by the Physical Education teachers of each school 

that participated in the PROESP-BR. All teachers were 

trained and were aware of the instructions regarding the 

administration of the tests and collection of measures by 

means of a website that included a video for standardization 

purposes and to provide better visual presentation of the 

techniques of measure collection,17 developed by members of 

the staff of the School of Physical Education of Universidade 

Federal do Rio Grande do Sul (UFRGS), Porto Alegre, state 

of Rio Grande do Sul, Brazil.

Body weight was measured using a digital anthropometric 

scale graduated from 0 to 150 kg, with resolution of 0.05 

kg, and height was measured using a wall-mounted portable 

stadiometer graduated from 0 to 200 cm, with a graduation 

of 0.2 cm.17 Body mass index (BMI) was calculated using 

the body weight in kg divided by the height in m2.

The means of the physical growth variables of the 

present study were compared with the WHO reference 

values for height and BMI10 and with the CDC reference 

values for body weight.2 This was done because the 

WHO does not provide data regarding the body weight 

of adolescents and, in that sense, the CDC curves are 

the most recent reference values for this variable. We 

considered the 50th percentile (P-50) as the reference 

value for body weight and height of the growth charts, 

as it has been recommended in other studies.3-4,15 With 

regard to BMI, the WHO reference values were the 85th 

percentile (P-85), since youths with BMI above these 

values are classified as being overweight.10

In terms of data related to height, body weight, and 

BMI, we initially used descriptive statistics (mean and 

standard deviation) for each sex and age. The two-way 

analysis of variance was used to check the difference 

between sexes and ages. Bonferroni’s multiple comparison 
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 Height (cm) Body weight (kg) BMI (kg/m2)

Age (years) Female Male Female Male Female Male

7 125.6±6.9 127.7±6.9* 27.0±5.6 27.5±5.5 17.0±2.9 16.8±2.4

8 131.0±8.2 131.6±7.5 30.1±7.3 30.0±7.4 17.4±3.1 17.2±3.4

9 137.7±6.8 137.4±7.7 32.0±7.1 33.4±8.1* 17.0±3.1 17.6±3.4*

10 142.4±7.5* 141.3±7.3 35.4±8.1* 34.3±8.0 17.4±3.1* 17.1±3.2

11 148.8±7.8* 146.1±7.7 40.0±9.0* 38.9±9.3 18.0±3.2 17.9±3.1

12 154.3±7.3* 152.1±8.8 45.0±9.4* 42.5±10.4 18.9±3.3* 18.1±3.2

13 157.7±6.8 158.9±9.4* 48.2±9.0 47.8±11.4 19.4±3.2* 18.8±3.2

14 160.3±6.6 165.6±9.0* 51.2±8.2 53.6±11.5* 20.0±3.0* 19.4±3.1

15 160.7±6.7 169.7±8.3* 53.1±8.6 57.7±11.6* 20.6±3.1* 19.9±3.1

16 163.6±9.6 173.4±8.1* 57.7±11.4 63.1±10.7* 21.4±3.1* 20.9±2.9

17 162.5±6.5 174.2±7.0* 57.1±9.1 66.1±11.2* 21.6±3.1 21.7±3.2

Table 1 - Descriptive values for height, body weight, and BMI of Brazilian children and adolescents – Project Sports Brazil (Brazil, 2004-
2005)

BMI = body mass index.
* p < 0.05, difference between sexes at the same age.

test was used to check the differences between the age 

groups. Student’s t test for one sample was used to 

compare the mean values of each growth variable with 

the CDC and WHO reference values. For all analyses, the 

significance level was set at 5%.

Results

Our sample comprised 41,654 students aged from 7 to 

17 years. Their mean age was 12.24±1.98 years old, and 

44% of them were girls and 56% were boys. Regarding the 

distribution according to sex, the female sample was 15.4, 

11.0, 11.8, 33.8, and 28%, and the male sample was 17.0, 

12.2, 11.2, 36.7, and 22.9% for the Central West, Northeast, 

North, Southeast, and South regions, respectively. 

Table 1 shows the mean and standard deviation values 

for height, body weight, and BMI of Brazilian children and 

adolescents. When we compared sexes in terms of height, 

we found statistically higher values for males at ages 7, 13, 

14, 15, 16, and 17 years old, and for females at ages 10, 

11, and 12 years old. In terms of body weight, from 10 to 

12 years old, the female individuals had higher values than 

the males, and for the 14-year old or older participants this 

trend was inverted. BMI was different for those aged 10, 

12, 13, 14, 15 and 16 years. The females at these ages 

had higher BMI values than the males. 

Figure 1 shows, respectively, the comparison between 

height, body weight, and BMI of the children and adolescents 

who participated in the present study and the reference 

values analyzed. Brazilian youths had, at most ages, higher 

values than the WHO reference values for height and the 

CDC values for body weight (p ≤ 0.05). BMI was different 

at all ages and in both sexes, and the WHO reference 

values were higher than those found in the present study 

(p ≤ 0.05).

Discussion

The present school-based study is the first study 

conducted in Brazil involving a sample of students from 

the five Brazilian regions. Its objective was to compare the 

growth of Brazilian students with international reference 

values for physical growth.2,10 We believe that the fact that 

the sample included children and adolescents who were 

currently attending school does not impair its capacity 

of analysis of Brazilian youths in general. Therefore, the 

present study may be a useful comparative parameter 

for future investigations because the sample included 

individuals from the five different regions.

We found that after children turn 10 years old, they 

have different height values according to sex. Such 

differences are related to the beginning of adolescence, 

which is characterized by the growth spurt period that 

occurs earlier for girls.2,13 Malina et al.13 carried out a 

survey regarding studies on the physical growth of children 

and adolescents from North American and European 

countries and demonstrated that the growth spurt takes 

place 2 years later for males compared with females and 

that this fact makes male adolescents taller and heavier 

than female adolescents. 

Growth of young Brazilians - Silva DA et al.
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BMI = body mass index; CDC = Centers for Disease Control and 
Prevention; WHO = World Health Organization.
* p < 0.05 = comparing the values of the males of the present study 
with the reference growth charts.
† p < 0.05 = comparing the values of the females of the present study 
with the reference growth charts.

Figure 1 - Comparison of the height, body weight, and BMI of 
Brazilian students with the reference growth charts of 
the WHO and CDC

CDC data2 regarding the U.S. population demonstrated 

that females had higher height values than males around 11-

12 years old, and that 2 years later this trend is inverted. 

When body weight was compared between sexes, the 

investigators found that female students from 10 to 12 years 

old were heavier than the male ones, with an inversion 

of this process taking place when the adolescents turned 

14 years old. These differences are explained by Riggs et 

al.18 and Wells,19 and they are related to the hormonal 

influences that affect females earlier than males, since 

estrogen (female sexual hormone) causes pelvic widening, 

breast development, and increased fat deposition, mainly 

in the thighs and in the hip region, resulting in increased 

body weight. On the other hand, testosterone (male sexual 

hormone) starts to intensely affect males at a later age than 

estrogen affects females, and it increases bone formation 

and protein synthesis, causing higher height and more 

muscle mass. 

The survey conducted by the WHO,10 involving youths 

with high socioeconomic status from Brazil, Ghana, India, 

Norway, Oman, and the USA, found similar results to 

those of the present study when comparing body weight 

according to sex. In Italy, a study that established growth 

charts for children and adolescents3 demonstrated that 

the body weight values of females were higher than 

those of males after 11 years old and that after the 

adolescents turned 13 years old this trend was inverted. 

Therefore, it may be suggested that the magnitude of 

the body weight growth of children and adolescents of 

the Brazilian urban area is increasingly similar to that 

reported in developed countries, which was not true 2 

or 3 decades ago.11,12

After comparing the height and body weight values of 

both sexes with the WHO and CDC reference values, we 

found that Brazilian youths reached and surpassed the 

reference values at most ages. Epidemiological studies 

conducted in Italy,3 Iran,5 and India7 also found that for 

most ages the reference values were lower. On the other 

hand, studies conducted in Saudi Arabia4 and Turkey6 

findings were lower than the reference values. In a study 

conducted with Brazilian-native Suruí, Xavánte and Wari 

children16 in the Brazilian Amazon, the authors found that 

this population has lower height for age when compared 

with the WHO physical growth charts. 

Such findings evidence that, in addition to the genetic 

factors that are inherent to each ethnic group, different 

economic conditions of the country and population 

investigated have an influence on the physical growth of 

children and adolescents, since they are a direct reflect 

of nutritional, environmental, and maturational factors 

connected to growth.1,13

With regard to BMI, from 11 to 16 years old, the authors 

found significant increases for both sexes; however, these 

values are higher among females. This is due to the changes 

caused by puberty, which usually affect female adolescents 

around this age.13 

Growth of young Brazilians - Silva DA et al.
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BMI values of Brazilian children and adolescents were 

lower than those of the WHO growth charts (P-85) at all 

ages. Although this finding seems to be positive, some 

studies conducted in Brazil have demonstrated that the 

country is going through a process called “nutritional 

transition”, which is characterized by an inversion in the 

patterns of distribution of nutritional problems of a given 

population throughout time, usually consisting of a change 

from malnutrition to overweight and obesity.20 

Comparing the data of the National Study on Family 

Expense (Estudo Nacional da Despesa Familiar - ENDEF), 

conducted in 1974 and 1975, with data of the Survey on 

Life Standards (Pesquisa sobre Padrões de Vida - PPV), 

conducted in 1996 and 1996, only in the Southeast and 

Northeast regions of Brazil, we found an increase in the 

prevalence of overweight from 4.1 to 13.9% in children and 

adolescents from 6 to 18 years old.21 More recent studies 

conducted in different municipalities revealed that the 

prevalence of overweight ranged from 8.4 to 19.0% and 

obesity ranged from 3.1 to 18%.22-25 Such evidence may 

serve as a warning for the Brazilian governmental agencies 

that need to plan efficient policies to fight overweight and 

obesity because within a few years Brazilian children and 

adolescents might reach the WHO reference values, which 

are associated with disorders and health risks.10,22 

The present study has some limitations, such as the 

cross-sectional design, which does not allow to follow up 

the variables throughout time in the same group, and 

the selection of the sample, which was established using 

a non-probabilistic method, including only the schools 

that decided to participate in the project. However, our 

study provides important and up-to-date information on 

comparison of Brazilian children and adolescents with the 

physical growth chart internationally used, which may be 

used as a comparative parameter for investigations in 

different Brazilian regions.  

Based on our findings, we concluded that these values 

for height and body weight of Brazilian children and 

adolescents reach the reference pattern of the WHO and 

CDC, respectively. With regard to BMI, the WHO reference 

values were higher at all ages analyzed.

We suggest that prospective studies checking the physical 

growth of Brazilian children and adolescents are conducted 

using international reference charts with the purpose of 

enabling more accurate inferences.
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