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Low aerobic fitness among adolescents: 
prevalence and associated factors
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It was our objective to estimate the prevalence and associated factors with low aerobic fitness among adolescents. A cross-sectional 

study was conducted with 575 subjects aged 11–17 years from Criciúma, SC, Brazil. The 9-minute walk/run test was used to assess aerobic 

fitness. Sociodemographic data and daily habits were collected using a self-administered questionnaire. Anthropometric evaluation 

was also performed to calculate anthropometric indicators of obesity. The Chi-square test and the binary logistic regression were 

used. The prevalence of low aerobic fitness in boys aged 11–13 years was 46.0% and in girls 40.5% (p< 0.05), while in boys aged 

14–17 years, the prevalence was 59.6% and in girls 46.6 % (p<0.05). Boys aged 11-13 (OR: 5.04; 95%CI 1.93–13.17) and those aged 

14–17 years (OR:3.78; 95%CI 1.90–7.52) and girls aged 11-13 years (OR: 3.62; 95%CI 1.24–10.52) from private schools were about 

four times more likely of having low aerobic fitness compared to those from public schools. Girls aged 11–13 years (OR: 2.40; 95%CI 

1.04–5.54) with inadequate sleep were more likely to have low aerobic fitness than those with adequate sleep. High prevalence of 

low aerobic fitness was associated with private schools and inadequate sleep in both sexes.
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INTRODUCTION
Cardiorespiratory fitness is considered an important 

health marker in adolescents (Silva et al., 2020), as it deter-
mines the capacity of the circulatory and respiratory system 
to provide energy during prolonged physical activity and 
eliminate fatigue products after energy supply (Garber et al., 
2011). Low aerobic fitness is considered when values are below 
the levels considered adequate for good health (Gonçalves, 
Junior, Nunes, Souza, & Silva, 2018). A systematic review 
study carried out between 2005 and 2017, with individuals 
aged 6-19 years from different Brazilian regions, identified 
that the prevalence of children and adolescents who meet the 
health criteria for cardiorespiratory fitness varied between 7.5% 
and 70.4%, and this variation was higher in girls than in boys 
(Gonçalves, Junior, Nunes, Souza, & Silva, 2018). However, a 

recent study carried out in Southern Brazil showed low aer-
obic fitness above 80% among adolescents of both sexes 
(Mello, Mello, Vian, Gaya, & Gaya, 2019). Low aerobic fit-
ness can be associated with biological aspects such as sex and 
age, in which females have lower VO2max values compared 
to males (Gonçalves & Silva, 2016), and older adolescents 
have lower levels of aerobic fitness than younger adolescents 
(Mello, Ribeiro, Castagna, Bergmann, & Bergmann, 2013).

Some factors may directly impact the decrease in levels 
of aerobic fitness, such as sociodemographic indicators, life-
style, and anthropometric indicators. For example, a study 
showed that adolescents of lower socioeconomic status had 
lower levels of aerobic fitness than adolescents of higher socio-
economic status (Vasques, Silva, & Lopes, 2007). Studies do 
not report an association between aerobic fitness and type of 
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school (private and public); however, the relationship between 
socioeconomic level and type of school may suggest that stu-
dents from public schools are also associated with greater 
odds of having low aerobic fitness (Alves & Soares, 2009; 
Oliveira, Silva, Maggi, Petroski, & Farias 2012).

As for lifestyle habits, which are modifiable factors, phys-
ically inactive girls showed lower aerobic fitness than physi-
cally active girls, but for boys, this association is not signifi-
cant (Oliveira, Silva, Maggi, Petroski, & Farias 2012). On the 
other hand, boys with inadequate eating habits are more likely 
to have low aerobic fitness than boys with an adequate diet 
(Silva, Tremblay, Pelegrini, Silva, & Petroski, 2015). In addi-
tion, poor sleep quality is associated with low aerobic fitness, 
reaching a prevalence of 88.6% of the population with poor 
sleep quality (De Lima & Silva, 2018).

As for anthropometric indicators, studies with adoles-
cents aged 10-17 years showed that 92% of those with excess 
weight, defined by body mass index (BMI), demonstrated low 
aerobic fitness, while in those with normal weight, 68.1% had 
low aerobic fitness (Mello, Ribeiro, Castagna, Bergmann, & 
Bergmann, 2013; Gonçalves & Silva, 2016). For the waist-
to-height ratio (WtHR), height and waist circumference 
(WC), and conicity index (C Index), the increase in these 
values negatively influence VO2max for both boys and girls, 
with the exception of the C Index for girls (Gonçalves, 2019).

Considering that for every 10 Brazilian adolescents, seven 
have low aerobic fitness (Gonçalves, Junior, Nunes, Souza, 
& Silva, 2018), it is important to monitor this health indi-
cator among adolescents. In addition, the knowledge of fac-
tors associated with low aerobic fitness can be the first step 
towards interventions at the school level in order to pro-
pose preventive and effective actions, as monitoring aerobic 
fitness during adolescence serves as a way to predict future 
health risks (Gonçalves et al., 2018). Thus, the present study 
aimed to estimate the prevalence and associated factors (eco-
nomic level, school type, eating habits, sleep, physical activ-
ity, and anthropometric indicators) with low aerobic fitness 
among adolescents. Based on the aforementioned authors, 
the hypothesis of this study is that adolescents aged 11–17 
of both sexes, of low economic status, from public schools, 
physically inactive, with inadequate eating habits and anthro-
pometric indicators (BMI, WtHR, WC, and Index C) above 
standard values are more likely of having lower aerobic fit-
ness compared to their peers.

METHOD
This is a cross-sectional epidemiological study, which is 

part of the “Association between health status, risk behaviors 

and level of physical activity of students from public schools 
in the city of Criciúma — SC”, research approved by the 
Ethics Committee on Human Research at “Extremo Sul 
Catarinense” University on June 26th, 2015 under protocol 
No. 1.125.725. To participate in the research, adolescents 
signed the Assent Term (TA), and parents/guardians signed 
the Free and Informed Consent Form (TCLE).

The research was carried out in the city of Criciúma, Santa 
Catarina, Brazil. The municipality has a Human Development 
Index of 0.788 and a life expectancy of 75.8 years (Atlas 
Brasil, 2016). It was carried out with students enrolled from 
the 5th year of elementary school to the 3rd year of high 
school from municipal, state, and private schools, making 
up the study population of 17,000 students.

Population and Sample
The sample size of the macro project was calculated con-

sidering overweight, low levels of physical activity, and low 
levels of aerobic fitness as main outcomes. The estimated 
prevalence was 30% for overweight or 70% for low levels of 
physical activity, and low levels of aerobic fitness, based on 
previous studies carried out in the same city (Oliveira, Silva, 
Maggi, Petroski & Farias 2012; Silva, Teixeira, de Oliveira & 
Petroski, 2016). A confidence level of 95% was adopted, with 
a 5% estimated error, design effect of 1.5, and an increment 
of 20% for losses and refusals. Thus, the estimated sample 
was 583 adolescents.

For the representativeness of the selected sample, the type 
of school (municipal, state, and private) and school grade were 
considered. Two stages were carried out for sample selection: 
the first stage considered the school, and the second stage 
considered the classes. The stratification criterion selected 
was the type of school in which schools with the largest 
number of grades were selected for the first stage. From the 
first stage, the second stage selected schools considering the 
density of classes per school. All students in selected classes 
were invited to participate in the study.

Evaluators participated in training programs to standardize 
data collection procedures. Data collection took place in the 
2nd semester of 2015; questionnaires were applied in the class-
room, and physical tests and anthropometric measurements 
were performed in the school gymnasium. Students aged 
11–17 years who had no health problems participated in 
aerobic fitness tests and anthropometric measurements. 
Students who refused to participate in the research were 
considered refusals, and those who did not deliver the Free 
and Informed Consent Form signed by parents/guardians 
did not perform evaluations. Figure 1 shows the sampling 
process of the present study.
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Dependent variable
Aerobic fitness was assessed by the 9-minute walk/run 

test of the American Alliance for Health Physical Education 
Recreation and Dance (AAHPERD, 1980), validated for 
children and adolescents (Turley et al., 1994; Paludo, Batista, 
Júnior, Cyrino, & Ronque, 2012). The test consists of running 
the longest distance in nine minutes, being allowed to walk 
and/or run; however, adolescents were encouraged to run all 
the time. The test was carried out on tracks organized in the 
schools’ sports courts (Mello, Ribeiro, Castagna, Bergmann, 
& Bergmann, 2013). The distance covered was measured in 
meters and categorized by levels of aerobic fitness as “low” and 
“high”, according to cutoff points for age and gender devel-
oped for the Brazilian population; for boys aged 6–17 years, 
the cutoff point was between 1,190 and 1,520 meters, and for 
girls, the cutoff point was between 1,070 and 1,200 meters 
(Silva et al., 2020).

Independent variables
A self-administered questionnaire was used to collect 

sociodemographic indicators (economic level and type of 
school) and lifestyle (physical activity, eating habits, and sleep 
quality). The consistency of measurements of this instru-
ment was tested in a previous study (Silva et al., 2013) and 
presented agreement close to 0.99. The economic level was 

assessed by the Brazilian Association of Research Companies 
questionnaire (ABEP, 2017). Responses were categorized as 
“High” purchasing power (A1, B1, and B2) and “Low” pur-
chasing power (C1, C2, D, and E). The type of school was 
categorized as “public” and “private”. In addition, anthropo-
metric measures of body mass (BM), height, and waist cir-
cumference (WC) were measured, as recommended in the 
literature (Stewart, Marfell-Jones, Olds, & Ridder, 2011), 
and anthropometric BMI, WtHR, and C index indicators 
were also calculated. 

Physical activity was assessed using one question from the 
Youth Risk Behavior Surveillance System (YRBSS) question-
naire, translated and validated for Brazil (Guedes & Lopes, 
2010), regarding moderate to vigorous physical activity for 
at least 60 minutes. Responses were categorized as “physi-
cally active” when active for 7 days and “not physically active” 
when active less than 7 days a week. This classification was 
established according to literature (WHO, 2010).

Eating habits were assessed using the following question 
from the Fantastic Lifestyle questionnaire (Wilson, Nielsen 
& Ciliska, 1984), translated and validated for the Brazilian 
population (Rodriguez Añez, Reis & Petroski, 2008): “Do 
you eat a balanced diet?” Response options were: “almost 
never”, “rarely”, “sometimes”, “relatively often”, “almost always”. 
Diet was categorized as “adequate” (options “relatively often” 

SELECTION

POPULATION
17,000 students

SAMPLE
Conglomerate by two stages:

RECRUITMENT

Second stage: classes
(sampling unit)

49 eligible schools
43 public schools
06 private schools

670 classes

Loses and exclusions
Three participants did not
answered the questions

Five participants had
incomplete anthropometric

data in this study

First stage: Public and private
(sampling unit) schools

All studentes were invited to
participate in the study

575 students with all
informations

5th year of elementary school
to 3th year of high

Figure 1. Fluxogram of sample process in this study.
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and “almost always”) and “inadequate” (other options). In this 
question, students received an explanation of what would be 
considered an adequate diet, according to recommendations 
established by the measurement instrument.

Sleep quality was assessed using the following question 
from the Fantastic Lifestyle questionnaire (Rodriguez Añez 
et al., 2008): “Do you sleep well and feel rested?” Response 
options were: “almost never”, “rarely”, “sometimes”, “rela-
tively often”, “almost always”. Sleep quality was categorized 
as “adequate” (options “relatively often” and “almost always”) 
and “inadequate” (other options), according to a study that 
evaluated the same variable (De Lima & Silva, 2018).

BM and height were used to calculate BMI. BM was 
measured using G-tech® digital scale (Zhongshan, China), 
in kilograms (kg), with a resolution of 0.1 kilograms (kg). 
Height was measured using Sanny® stadiometer (São Paulo, 
Brazil), with resolution in millimeters (mm). Cutoff points were 
used by age group from 11 to 17 years and gender, according 
to WHO (2016), in which Z scores were estimated. BMI was 
categorized as “normal” (Z score< +1 standard deviation) 
and “high” (Z score≥ +1 standard deviation) (WHO, 2016).

WC was measured using anthropometric Sanny® tape 
(São Paulo, Brazil), with resolution in millimeters (mm). 
With WC and height values, WtHR was calculated using 
the following formula: WtHR= WC (cm)/ height (cm). This 
variable was categorized utilizing a single cutoff point of 0.5, 
in which subjects with values equal to or above this value were 
classified as with high WtHR (Mccarthy & Ashwell, 2006).

C index was calculated using the following formula: C 
index= WC (m)/ 0.109 x (√ BM (kg)/ height (m)). This vari-
able was categorized according to cutoff points for gender 
and age developed for the Brazilian population (De Oliveira 
& Guedes, 2018). Girls and boys aged 12–15 years with C 
index < 1.13 and < 1.16, respectively, were categorized as 
“normal”, above these values, they were categorized as “high” 
(De Oliveira & Guedes, 2018). Girls and boys aged 16–17 
years with C index < 1.16 and < 1.20, respectively, were cat-
egorized as “normal” and above as “high” (De Oliveira & 
Guedes, 2018). The age of 11 years has no categorization for 
the age group; therefore, this age was included in the cutoff 
point of 12-15 years (de Oliveira & Guedes, 2018).

WC was used to classify adolescents with abdominal 
obesity. This variable was categorized according to cutoff 
points established for sex and age developed for the Brazilian 
population (De Oliveira & Guedes, 2018). Girls and boys 
aged 12–15 years with WC< 75.8 cm and < 77.2 cm, respec-
tively, were categorized as “normal” and above these values, 
they were categorized as “high”. Girls and boys aged 16–17 
years with WC< 78.1 cm and <83.3 cm, respectively, were 

categorized as “normal” and above as “high” (De Oliveira & 
Guedes, 2018). The age of 11 years has no categorization for 
this age group, so it was included in the cutoff of 12-15 years 
(de Oliveira & Guedes, 2018).

Statistical analysis
Descriptive statistics (mean, median, standard devia-

tion, and frequencies) were used to characterize variables, 
followed by Student’s T-test for independent samples to 
verify differences between genders. To verify data normality, 
the Shapiro-Wilk was used. However, only height for boys 
showed normal distribution. In this sense, Mann Whitney’s 
nonparametric test was performed for the other variables. 
The effect size (Cohen’D) was performed in the comparison 
between sexes, with values below 0.2 being classified as low, 
0.5 as medium, and 0.8 as large effect size (Cohen, 1988).

The Chi-square test was used to verify the associa-
tion between aerobic fitness and associated factors. 
Subsequently, crude and binary adjusted logistic regression 
analysis were used to analyze associations between outcome 
(aerobic fitness) and independent variables (physical activity, 
type of school, economic level, eating habits, sleep quality, 
and anthropometric indicators of obesity: BMI, WtHR, WC 
and C index), estimating odds ratio (OR) and 95% confi-
dence interval (95%CI).

For the adjusted logistic regression, all independent variables 
were introduced at the same time into the model, regardless 
of the p-value of the crude analysis, and variables with a p≤ 
0.20 remained, according to the backward method. Variables 
sex (male/female) and age (11–13 years, and 14–17 years) 
were used to stratify the sample. Analyses were performed 
using the Statistical Package for the Social Sciences soft-
ware (SPSS Statistics, Chicago, United States version 17.0).

RESULTS
A total of 575 adolescents aged 11–17 years participated 

in this study. Most adolescents were girls (51.3%). A signif-
icant difference was observed between sexes for the 9-min-
ute walk/run, in which boys had a higher distance covered 
value in the test. The effect size was considered low for all 
variables when comparing sexes. The other variables did not 
differ, according to sex (Table 1).

Boys aged 14–17 years had a higher prevalence of low 
aerobic fitness (59.6%) when compared to girls at the same 
age. Boys and girls aged 11–13 years did not differ in relation 
to the prevalence of low aerobic fitness (Table 2).

Among boys aged 11–13 years, 46.0% had low aerobic 
fitness, and in the age group 14–17 years, 59.6% had low 
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aerobic fitness. Boys aged 11–13 years and 14–17 years from 
private schools had a higher prevalence of low aerobic fit-
ness (p-value< 0.01) when compared to those from public 
schools. Boys aged 11–13 years with inadequate diet had a 
higher prevalence of low aerobic fitness when compared to 
those at the same age with adequate diet (Table 3).

For girls aged 11–13 and 14–17 years, 40.5% and 46.6% 
had low aerobic fitness, respectively. Girls aged 11–13 years 
from private schools and with inadequate sleep quality had a 
higher prevalence of low aerobic fitness when compared to those 
from public schools and with adequate sleep quality (Table 4).

In the crude analysis, boys aged 11–13 years with inade-
quate diet were more likely to have low aerobic fitness when 
compared to those with adequate diet; however, this result 
was not maintained in the adjusted analysis. Boys aged 
11–13 years from private schools, both in the crude analysis 
(OR: 5.39; 95%CI 2.09–13.89) and in the adjusted analysis 
(OR: 5.04; 95%CI 1, 93–13.17), were more likely of hav-
ing low aerobic fitness when compared to boys from public 

schools. In addition, boys aged 14–17 years from private 
schools, regarding the crude analysis (OR: 3.78; 95%CI 
1.90–7.52) and the adjusted analysis (OR: 3.78; 95%CI 
1.90–7.52) were more likely of having low levels of aero-
bic fitness. Finally, for boys aged 11–13 and 14–17 years, no 
association between the other study variables and low levels 
of aerobic fitness was found (Table 5).

Both in the crude and adjusted analysis, girls aged 
11–13 years from private schools were more likely of hav-
ing low levels of aerobic fitness (Crude analysis — OR: 3.97; 
95%CI 1.39–11.34; Adjusted analysis — OR: 3.62; 95%CI 
1.24–10.52) when compared to those from public schools. 
In both analyses, girls aged 11-13 years with inadequate sleep 
were more likely of having low levels of aerobic fitness (Crude 
analysis — OR: 2.61; 95%CI 1.15–5.91; Adjusted analysis 
— OR: 2.40; 95%CI 1.04–5.54), when compared to those 
with adequate sleep. In both crude and adjusted analysis, no 
association between study variables and low levels of aero-
bic fitness for girls aged 14–17 years was found (Table 6).

Table 1. Mean and standard deviation values of the continuous variables of the sample from Criciúma, Santa Catarina, Brazil.

Variables Boys n (%)

Median

Girls n (%)

Median p Cohen’D
Total (n= 575)

280 (48.7) 295 (51.3)

Mean (SD) Mean (SD)

9 minutes run (m) 1.460.05 (613.94) 1,404.00 1.266.71 (573.08) 1,250.00 < 0.01* 0.00

Age (years) 13.89 (2.08) 14.00 14.02 (2.09) 14.00 0.46 0.06

BM (Kg) 55.70 (13.67) 55.50 56.43 (14.90) 55.00 0.54 0.05

Height (cm) 159.61 (11.16) 160.00 161.19 (11.44) 162.00 0.09 0.14

BMI (kg/m²) 21.64 (3.79) 20.88 21.45 (4.09) 20.57 0.55 0.05

WtHR 0.47 (0.06) 0.45 0.47 (0.06) 0.45 0.85 0.00

WC (cm) 74.65 (9.94) 73.00 75.32 (11.38) 73.00 0.45 0.06

C Index 1.17 (0.09) 1.18 1.18 (0.09) 1.18 0.28 0.11

* p< 0.05; n: sample number; %: percentage; Student’s T test for independent sample; Mann Whitney’s nonparametric test; SD: Standard 
Deviation; BM: Body Mass; BMI: Body Mass Index; WtHR: Waist-to-Height Ratio; WC: Waist Circumference; C Index: Conicity Index; Effect-
size calculate: Cohen’D.

Table 2. Association between with aerobic fitness and sex according to age group of adolescents from Criciúma, Santa 
Catarina, Brazil.

Age group
Low aerobic fitness n (%)

p
Low aerobic fitness n (%)

p
11–13 years 14–17 years

Total 106 (43.3) 174 (52.7)

Sex 0.39 0.02*

Boys 57 (46.0) 93 (59.6)

Girls 49 (40.5) 81 (46.6)

* p< 0.05; n: sample number; %: percentage; Chi-squared test of heterogeneity.

Motricidade, 2021, vol. 17, n. 2, pp. 129-139



Aerobic fitness in adolescents

Geriatr Gerontol Aging. 20XX;XX(X):129-139134

Table 3. Association between aerobic fitness and sociodemographic indicators, lifestyle and anthropometric measures among 
boys from Criciúma, Santa Catarina, Brazil.

Variables

Male

Aerobic fitness 11–13 years (n= 124) Aerobic fitness 14–17 years (n= 156)

Low 
n (%)

High 
n (%) p-value

Low 
n (%)

High 
n (%) p-value

Total 57 (46.0) 67 (54.0) 93 (59.6) 63 (40.4)

Economic level 0.94 0.49

High 31 (46.3) 36 (53.7) 42 (56.8) 32 (43.2)

Low 26 (45.6) 31 (54.4) 51 (62.2) 31 (37.8)

School type <0.01 < 0.01

Public  35 (36.8) 60 (63.2) 37 (45.1) 45 (54.9)

Private 22 (75.9) 07 (24.1) 56 (75.7) 18 (24.3)

Physical activity 0.55 0.95

Physically active 52 (44.8) 64 (55.2) 90 (60.0) 60 (40.0)

Not physically active 05 (62.5) 03 (37.5) 03 (50.0) 03 (50.0)

Eating habits 0.02 0.40

Adequate 42 (41.2) 60 (58.8) 80 (58.4) 57 (41.6)

Inadequate 15 (68.2) 07 (31.8) 13 (68.4) 06 (31.6)

Sleep quality 0.50 0.45

Adequate 18 (41.9) 25 (58.1) 47 (62.7) 28 (37.3)

Inadequate 39 (48.1) 42 (51.9) 46 (56.8) 35 (43.2)

BMI 0.93 0.90

Normal 20 (46.5) 23 (53.5) 76 (59.8) 51 (40.2)

High 37 (45.7) 44 (54.3) 17 (58.6) 12 (41.4)

WtHR 0.88 0.66

Normal 41 (45.6) 49 (54.4) 75 (60.5) 49 (39.5)

High 16 (47.1) 18 (52.9) 18 (56.3) 14 (43.8)

WC 0.91 0.47

Normal 38 (46.3) 44 (53.7) 74 (61.2) 47 (38.8)

High 19 (45.2) 23 (54.8) 19 (54.3) 16 (45.7)

C Index 0.50 0.57

Normal 22 (50.0) 22 (50.0) 53 (61.6) 33 (38.4)

High 35 (43.8) 45 (56.3) 40 (57.1) 30 (42.9)

n: sample number; %: percentage; Chi-squared test of heterogeneity; BMI: Body Mass Index; WtHR: Waist-to-Height Ratio; WC: Waist 
Circumference; C Index: Conicity Index.

DISCUSSION
Low levels of aerobic fitness were prevalent in two out of 

five boys aged 11–13 years and increased to three out of five 
boys aged 14–17 years. Thus, in the present study, 44.8% of 
physically active boys aged 11–13 years are found to have low 
levels of aerobic fitness, while in the age group of 14–17 years, 
60% of physically active boys are found to have low levels of 
aerobic fitness. The decline in age-related aerobic fitness can be 

explained since there is an increase in body mass characteristic 
of this age, requiring more oxygen to perform physical activi-
ties (Araújo & Oliveira, 2008). In addition, relative VO2max is 
inversely proportional to the increase in muscle mass in males 
(Machado, Guglielmo & Denadai, 2002). Finally, the con-
siderable decline in participation in physical activities as age 
increases is one of the possible justifications for the low lev-
els of aerobic fitness among older adolescents (Malina, 2001).
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Table 4. Association between aerobic fitness and sociodemographic indicators, lifestyle and anthropometric measures among 
girls from Criciúma, Santa Catarina, Brazil.

Variables

Female

Aerobic fitness 11–13 years (n= 121) Aerobic fitness 14–17 years (n= 174)

Low 
n (%)

High 
n (%) p-value

 Low 
n (%)

High 
n (%) p-value

Total 49 (40.5) 72 (59.5) 81 (46.6) 93 (53.4)

Economic level 0.85 0.32

High 25 (39.7) 38 (60.3) 47 (50.0) 47 (50.0)

Low 24 (41.4) 34 (58.6) 34 (42.5) 46 (57.5)

School type < 0.01 0.57

Public  36 (35.3) 66 (64.7) 33 (49.3) 34 (50.7)

Private 13 (68.4) 06 (31.6) 48 (44.9) 59 (55.1)

Physical activity 0.73 0.11

Physically active 47 (39.8) 71 (60.2) 80 (48.2) 86 (51.8)

Not physically active 02 (66.7) 01 (33.3) 01 (12.5) 07 (87.5)

Eating habits 0.09 0.70

Adequate 38 (37.3) 64 (62.7) 68 (47.2) 76 (52.8)

Inadequate 11 (57.9) 08 (42.1) 13 (43.3) 17 (56.7)

Sleep quality 0.02 0.56

Adequate 11 (26.2) 31 (73.8) 41 (48.8) 43 (51.2)

Inadequate 38 (48.1) 41 (51.9) 40 (44.4) 50 (55.6)

BMI 0.85 0.25

Normal 25 (39.7) 38 (60.3) 72 (48.3) 77 (51.7)

High 24 (41.4) 34 (58.6) 09 (36.0) 16 (64.0)

WtHR 0.85 0.60

Normal 36 (40.0) 54 (60.0) 67 (47.5) 74 (52.5)

High 13 (41.9) 18 (58.1) 14 (42.4) 19 (57.6)

WC 0.74 0.27

Normal 26 (41.9) 36 (58.1) 57 (49.6) 58 (50.4)

High 23 (39.0) 36 (61.0) 24 (40.7) 35 (59.3)

C Index 0.98 0.30

Normal 11 (40.7) 16 (59.3) 35 (51.5) 33 (48.5)

High 38 (40.4) 56 (59.6) 46 (43.4) 60 (56.6)

n: sample number; %: percentage; Chi-squared test of heterogeneity; BMI: Body Mass Index; WtHR: Waist-to-Height Ratio; WC: Waist 
Circumference; C Index: Conicity Index.

Among girls aged 11–13 years, 40.5% had low levels of 
aerobic fitness, while in the age group 14–17 years, this value 
increased to 46.6%. A study carried out in Cascavel (PR), 
Brazil, with 1223 girls aged 10–17 years, identified low levels 
of aerobic fitness in half of the sample (Minatto et al., 2016). 
When stratifying by age group, the aforementioned study had 
a higher prevalence of low levels of aerobic fitness at older 
ages, with girls aged 10–12 years having VO2max value of 42.4 

L∙min-1, and in girls aged 13–15 years, VO2max decreased to 
37.2 L∙min-1 and, finally, in girls aged 16–17 years, VO2max 
decreased even more, to 32.8 L∙min-1 (Minatto et al., 2016). 
After menarche, girls tend to have a sharp increase in body fat 
percentage and body changes, such as increases in breasts and 
hips, which can cause disadvantages in motor performance 
(Luguetti, Ré & Böhme, 2010). In addition, other factors may 
be associated with low levels of aerobic fitness in women, such 
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Table 5. Crude and adjusted logistic regression between aerobic fitness and associated factors among boys from Criciúma, 
Santa Catarina, Brazil.

Male (n= 280)

Variables

11–13 years 14–17 years

OR
Crude 

analysis
(95%CI)

OR
Adjusted 
analysis* 
(95%CI)

OR
Crude 

analysis
(95%CI)

OR
Adjusted 
analysis* 
(95%CI)

Economic level

High 1 1 1 1

Low 0.97 (0.48–1.98) 1.02 (0.46–2.26) 1.25 (0.66–2.38) 1.30 (0.66–2.55)

School Type

Public  1 1 1 1

Private 5.39
(2.09–

13.89)‡
5.04

(1.93–
13.17)‡

3.78
(1.90–7.52) 

‡
3.78 (1.90–7.52)‡

Physical activity 

Physically active 1 1 1 1

Not physically 
active

2.05 (0.47–8.99) 1.80 (0.37–8.79) 0.67 (0.13–3.41) 0.51 (0.09–2.90)

Eating habits

Adequate 1 1 1 1

Inadequate 3.06 (1.15–8.16)† 2.69 (0.96–7.55) 1.54 (0.55–4.30) 1.02 (0.32–3.27)

Sleep quality

Adequate 1 1 1 1

Inadequate 1.29 (0.61–2.72) 1.09 (0.46–2.54) 0.78 (0.41-–1.49) 0.72 (0.36–1.42)

BMI

Normal 1 1 1 1

High 0.97 (0.46–2.03) 0.57 (0.22–1.46) 0.95 (0.42–2.16) 1.22 (0.38–3.96)

WtHR

Normal 1 1 1 1

High 1.06 (0.48–2.34) 1.36 (0.39–4.70) 0.84 (0.38–1.84) 1.06 (0.32–3.49)

WC

Normal 1 1 1 1

High 0.96 (0.45–2.02) 1.64 (0.71–3.79) 0.75 (0.35–1.61) 0.75 (0.33–1.67)

C Index

Normal 1 1 1 1

High 0.78 (0.37–1.63) 0.98 (0.34–2.78) 0.83 (0.44–1.58) 0.95 (0.44–2.06)

* Adjusted Analysis; † p< 0.05; ‡ p< 0.001; OR: Odds ratio; 95%CI: Confidence Interval; BMI: Body Mass Index; WtHR: Waist-to-height ratio; 
WC: Waist Circumference; C Index: Conicity Index; Final model 11–13 years boys, variables: school type e eating habits; Final model 14–17 
years boys, variables: school type; Reference category: High aerobic fitness.

as biological factors, psychosocial and cultural implications, 
and aerobic performance influencers, such as motivation, low 
tolerance to activity discomfort, and low adherence to aerobi-
cally-orientated physical activity programs (Carvalho Filho, 
de Lucena Martins & da Silva, 2006).

A higher likelihood of low levels of aerobic fitness was 
identified in girls aged 11–13 years with poor sleep quality 

compared to girls with adequate sleep quality. Little sleep 
time in adolescents is a potential cause of obesity due to 
increased obesogenic behaviors, such as low levels of physi-
cal activity and greater food intake (Fatima, Doi, & Mamun, 
2015). Furthermore, the physiological effects of little sleep 
time on athletic performance interfere in the reduction of 
motor capacity, reaction time, and changes in glucose levels, 
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Table 6. Crude and adjusted logistic regression between aerobic fitness and associated factors among girls from Criciúma, 
Santa Catarina, Brazil.

Female (n= 295)

Variables

11–13 years 14–17 years

OR
Crude 

analysis 
(95%CI)

OR
Adjusted 
analysis* 
(95%CI)

OR
Crude 

analysis 
(95%CI)

OR
Adjusted 
analysis* 
(95%CI)

Economic level

High 1 1 1 1

Low 1.07 (0.52–2.22) 1.08 (0.49–2.37) 0.74 (0.41–1.35) 0,78 (0,43–1,45)

School type

Public  1 1 1 1

Private 3.97
(1.39–

11.34)†
3.62

(1.24–
10.52)†

1.19 (0.65–2.20) 1,23 (0,65–2,30)

Physical activity 

Physically active 1 1 1 1

Not physically 
active

3.02 (0.27–34.27) 2.85 (0.25–33.13) 0.15 (0.02–1.28) 0,15 (0,02–1,28)

Eating habits

Adequate 1 1 1 1

Inadequate 2.32 (0.86–6.26) 1.11 (0.33–3.76) 0.85 (0.39–1.89) 0,92 (0,40–2,12)

Sleep quality

Adequate 1 1 1 1

Inadequate 2.61 (1.15–5.91)† 2.40 (1.04–5.54)† 0.84 (0.46–1.52) 0,82 (0,45–1,52)

BMI

Normal 1 1 1 1

High 1.07 (0.52–2.22) 1.15 (0.40–3.35) 0.60 (0.25–1.45) 0,59 (0,24–1,43)

WtHR

Normal 1 1 1 1

High 1.08 (0.47–2.48) 1.45 (0.59–3.55) 0.81 (0.38–1.75) 1,24 (0,46–3,38)

WC

Normal 1 1 1 1

High 0.88 (0.43–1.83) 0.89 (0.33–2.41) 0.70 (0.37–1.32) 0,78 (0,31–1,99)

C Index

Normal 1 1 1 1

High 0.99 (0.41–2.36) 1.04 (0.33–3.28) 0.72 (0.39–1.33) 0,80 (0,42–1,50)

* adjusted analysis; † p< 0.05; OR: Odds ratio; 95%CI: Confidence Interval; BMI: Body Mass Index; WtHR: Waist-to-height ratio; WC: Waist 
Circumference; C Index: Conicity Index; Final model 11–13 years girls, variables: school type e sleeping quality; Final model 14–17 years girls, 
variables: Physical activity; Reference category: High aerobic fitness.

which negatively influence performance and the psycho-
logical effects of short sleep time, where mood alterations, 
tiredness, and anxiety stand out (Soares, 2012).

Boys in the present study, regardless of age, and girls aged 
11–13 years from private schools were more likely to have low 
levels of aerobic fitness when compared to their pairs from 
public schools. Students from private schools mostly belong 

to higher socioeconomic classes compared to public school 
students (Alves & Soares, 2009), concomitantly, the higher 
the socioeconomic class, the greater the time spent on sed-
entary behaviors due to the financial ease in obtaining elec-
tronics and use of passive commuting (Oliveira et al., 2012). 
The longer time in sedentary behaviors results in lower levels 
of aerobic fitness (Santos et al., 2012). In addition, students 
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from public schools, being of lower socioeconomic classes, 
tend to practice activities at no financial cost, such as outdoors 
plays and games and in environments outside the school, and 
participate more in domestic activities and small manual jobs, 
which reduce the time spent on sedentary behaviors and 
increase the time spent on physical activities (Malina, 2001; 
Oliveira, Silva, Santos, Silva, & Conceição, 2010).

Of the limiting factors of this research was the non-mea-
surement of the maturational status, despite having chrono-
logical age as a study variable, it could influence the levels 
of aerobic fitness because it is the moment when there is a 
significant increase in the body structures of adolescents, 
regardless of other variables (Oliveira & Veiga, 2005; Roman, 
Ribeiro, Guerra-Júnior & Barros-Filho, 2009). In addition, 
the test used to measure aerobic fitness can also be considered 
another limitation, as it is a field test in which motivational 
factors can interfere with performance in the test. In addi-
tion, environmental factors can also interfere with physical 
test performance. Another limitation was the measurement 
of levels of physical activity through questionnaire, which is 
less accurate than direct measurement instruments. Diet and 
sleep issues were measured by recall, which can lead to mem-
ory bias. Finally, the present study has a cross-sectional design, 
which prevents establishing cause and effect relationships.

Among the positive points of the study, the contribution 
of the subject to literature was highlighted, investigating the 
possible factors associated with low aerobic fitness among 
adolescents. In addition, this study presented data on the lev-
els of aerobic fitness of adolescents, serving as a comparison 
with similar studies conducted in different regions. In addi-
tion, from this study, there is a need for further research 
that stratifies adolescents by age group in order to compare 
the factors that influence aerobic fitness and different ages. 
Finally, the present study encourages the creation of pro-
grams aimed at improving the health of adolescents in order 
to reduce future health risks. 

CONCLUSIONS
Boys and girls from Criciúma (SC), Brazil, have a high 

prevalence of low aerobic fitness, and the highest values were 
identified as the age group increases. Type of school was a 
significant factor associated with aerobic fitness since stu-
dents of both sexes from private schools were more likely to 
have low aerobic fitness. Finally, girls with inadequate sleep 
had a higher prevalence of low aerobic fitness. From this and 
future studies, with the same stratification, it will be possi-
ble to identify which groups tend to have low aerobic fitness 
and thus give more focus to build intervention strategies.

REFERENCES
AAHPERD. (1980). Health related physical fitness: test manual. 

Reston, Virginia: American Alliance for Health, Physical Education, 
Recreation and Dance.

ABEP. (2017). Critério de Classificação Econômica Brasil 2018. 
Associação Brasileira de Empresas de Pesquisa. https://www.
abep.org/criterio-brasil

Alves, M. T. G., & Soares, J. F. (2009). Medidas de nível socioeconômico 
em pesquisas sociais: uma aplicação aos dados de uma pesquisa 
educacional. Opinião Pública, 15(1), 1-30. https://doi.org/10.1590/
S0104-62762009000100001

Araujo, S. S., & Oliveira, A. C. C. (2008). Physical fitness in schoolchildren 
in Aracaju. Revista Brasileira de Cineantropometria & Desempenho 
Humano,  10(3), 271-276. https://doi.org/10.1590/1980-
0037.2008v10n3p271

Atlas Brasil. (2016). Atlas do desenvolvimento humano no Brasil 2013. 
Atlas Brasil. http://www.atlasbrasil.org.br/

Carvalho Filho, L. B., de Lucena Martins, C. M., & da Silva, F. M. 
(2006). Níveis de resistência cardiorrespiratória em escolares da 
cidade de João Pessoa/PB. Fitness & Performance Journal, 5(4), 
215-222. https://doi.org/10.3900/fpj.5.4.215.p

Cohen, J. (1988). The t test for means. Statistical power analysis 
for the behavioural sciences. New York: Lawrence Erlbaum 
Associates, Publishers.

De Lima, T. R., & Silva, D. A. S. (2018). Association of sleep quality 
with sociodemographic factors and lifestyle in adolescents from 
southern Brazil. World Journal of Pediatrics, 14(4), 383-391. https://
doi.org/10.1007/s12519-018-0136-8

De Oliveira, R. G., & Guedes, D. P. (2018). Performance of anthropometric 
indicators as predictors of metabolic syndrome in Brazilian 
adolescents. BMC Pediatrics, 18(33). https://doi.org/10.1186/
s12887-018-1030-1

Fatima, Y., Doi, S. A. R., & Mamun, A. A. (2015). Longitudinal impact 
of sleep on overweight and obesity in children and adolescents: 
a systematic review and bias-adjusted meta-analysis. Obesity 
reviews, 16(2), 137-149. https://doi.org/10.1111/obr.12245

Garber, C. E., Blissmer, B., Deschenes, M. R., Franklin, B. A., Lamonte, M. J., 
Lee, I. M., ... & Swain, D. P. (2011). American College of Sports Medicine 
position stand. Quantity and quality of exercise for developing and 
maintaining cardiorespiratory, musculoskeletal, and neuromotor 
fitness in apparently healthy adults: guidance for prescribing 
exercise. Medicine and science in sports and exercise, 43(7), 1334-
1359. https://doi.org/10.1249/MSS.0b013e318213fefb

Gonçalves, E. C. D. A., & Silva, D. A. S. (2016). Factors associated 
with low levels of aerobic fitness among adolescents. Revista 
Paulista de Pediatria, 34(2), 141-147. https://doi.org/10.1016/j.
rppede.2015.06.025

Gonçalves, E. C. D. A., Alves Junior, C. A. S., Nunes, H. E. G., Souza, 
M. C. D., & Silva, D. A. S. (2018). Prevalence of Brazilian children 
and youth who meet health criteria for cardiorespiratory fitness: 
systematic review. Revista Brasileira de Cineantropometria 
& Desempenho Humano ,   20 (4),  446-471. https://doi.
org/10.5007/1980-0037.2018v20n4p446

Gonçalves, E. C. A. (2019). Associação entre aptidão aeróbia e 
indicadores antropométricos de gordura corporal em adolescentes 
(Doctoral Thesis). Universidade Federal de Santa Catarina.

Guedes, D. P., & Lopes, C. C. (2010). Validation of the Brazilian version of 
the 2007 youth risk behavior survey. Revista de Saúde Pública, 44(5), 
840-850. https://doi.org/10.1590/S0034-89102010000500009

Luguetti, C. N., Ré, A. H. N., & Böhme, M. T. S. (2010). Indicators 
of physical fitness in school children from the Midwest region 
of São Paulo City. Brazilian Journal of Kinanthropometry and 
Human Performance, 12(5), 331-337. https://doi.org/10.5007/1980-
0037.2010v12n5p331

Motricidade, 2021, vol. 17, n. 2, pp. 129-139

https://www.abep.org/criterio-brasil
https://www.abep.org/criterio-brasil
https://doi.org/10.1590/S0104-62762009000100001
https://doi.org/10.1590/S0104-62762009000100001
https://doi.org/10.1590/1980-0037.2008v10n3p271
https://doi.org/10.1590/1980-0037.2008v10n3p271
http://www.atlasbrasil.org.br/
https://doi.org/10.3900/fpj.5.4.215.p
https://doi.org/10.1007/s12519-018-0136-8
https://doi.org/10.1007/s12519-018-0136-8
https://doi.org/10.1186/s12887-018-1030-1
https://doi.org/10.1186/s12887-018-1030-1
https://doi.org/10.1111/obr.12245
https://doi.org/10.1249/MSS.0b013e318213fefb
https://doi.org/10.1016/j.rppede.2015.06.025
https://doi.org/10.1016/j.rppede.2015.06.025
https://doi.org/10.5007/1980-0037.2018v20n4p446
https://doi.org/10.5007/1980-0037.2018v20n4p446
https://doi.org/10.1590/S0034-89102010000500009
https://doi.org/10.5007/1980-0037.2010v12n5p331
https://doi.org/10.5007/1980-0037.2010v12n5p331


LL Borges, DAS Silva, AF Silva, GCFS Barbosa, MSP Matheus, EV Pereira, JM Farias

Geriatr Gerontol Aging. 20XX;XX(X):129-139 139

Machado, F. A., Guglielmo, L. G. A., & Denadai, B. S. (2002). Running 
speed associated with maximal oxygen uptake in boys aged 10 
to 15 years. Revista Brasileira de Medicina do Esporte, 8(1), 1-6. 
https://doi.org/10.1590/S1517-86922002000100001

Malina, R. M. (2001). Physical activity and fitness: pathways from 
childhood to adulthood. American Journal of Human Biology: The 
Official Journal of the Human Biology Association, 13(2), 162-172. 
https://doi.org/10.1002/1520-6300(200102/03)13:2≤162::AID-
AJHB1025≥3.0.CO;2-T

McCarthy, H. D., & Ashwell, M. (2006). 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’. International journal 
of obesity, 30(6), 988-992. https://doi.org/10.1038/sj.ijo.0803226

Mello, J. B., Ribeiro, Y.S., Castagna, A., Bergmann, M. L. A., & Bergmann, 
G. G. (2013). Baixa aptidão cardiorrespiratória está associada ao 
excesso de peso em crianças e adolescentes independente do 
sexo e da idade. Revista Brasileira de Ciência e Movimento, 21(4), 
56-62. http://doi.org/10.18511/0103-1716/rbcm.v21n4p56-62

Mello, J. B., Mello, J. H. P., Vian, F., Gaya, A. R., & Gaya, A. C. A. (2019). 
Associação da aptidão cardiorrespiratória de adolescentes com 
a atividade física e a estrutura pedagógica da educação física 
escolar. Revista Brasileira de Ciências do Esporte, 41(4), 367-375. 
https://doi.org/10.1016/j.rbce.2018.03.033

Minatto, G., de Sousa, T. F., de Carvalho, W. R. G., Ribeiro, R. R., 
Santos, K. D., & Petroski, E. L. (2016). Association between 
cardiorespiratory fitness and body fat in girls. Revista Paulista de 
Pediatria (English Edition), 34(4), 469-475. https://doi.org/10.1016/j.
rppede.2016.02.014

Oliveira, C. S., & Veiga, G. V. D. (2005). Nutritional status and pubertal 
stage of adolescents from one public school and one private 
school from Rio de Janeiro, Brazil. Revista de Nutrição, 18(2), 
183-191. https://doi.org/10.1590/S1415-52732005000200002

Oliveira, G. D., Silva, D. A. S., Maggi, R. M., Petroski, E. L., & Farias, 
J. M. D. (2012). Sociodemographic factors and physical fitness 
associated with low levels of physical activity in adolescents in 
Southern Brazil. Revista da Educação Física/UEM, 23(4), 635-645. 
https://doi.org/10.4025/reveducfis.v23.4.17510

Oliveira, T. C. D., Silva, A. A. M. D., Santos, C. D. J. N. D., & Conceição, 
S. I. O. D. (2010). Physical activity and sedentary lifestyle among 
children from private and public schools in Northern Brazil. Revista 
de Saúde Pública, 44(6), 996-1004. https://doi.org/10.1590/
S0034-89102010000600003

Paludo, A. C., Batista, M. B., Júnior, H. S., Cyrino, E. S., & Ronque, E. V. 
(2012). Estimation of cardiorespiratory fitness in adolescents with the 
9-minute run/walk test. Brazilian Journal of Kinanthropometry and 
Human Performance, 14(4), 401-408. https://doi.org/10.5007/1980-
0037.2012v14n4p401

Rodriguez Añez, C. R., Reis, R. S., & Petroski, E. L. (2008). Brazilian 
version of a lifestyle questionnaire: translation and validation for 
young adults. Arquivos Brasileiros de Cardiologia, 91(2), 92-98. 
https://doi.org/10.1590/s0066-782x2008001400006

All content of Journal Motricidade is licensed under Creative Commons, 
except when otherwise specified and in content retrieved from other bibliographic sources

Roman, E. P., Ribeiro, R. R., Guerra-Junior, G., & Barros-Filho, A. A. 
(2009). Antropometry, sexual maturation and menarcheal age 
according to socioeconomic status of schoolgirls from Cascavel 
(PR). Revista da Associação Médica Brasileira (1992), 55(3), 317-321. 
https://doi.org/10.1590/s0104-42302009000300026

Santos, D. A., Silva, A. M., Baptista, F., Santos, R., Vale, S., Mota, 
J., & Sardinha, L. B. (2012). Sedentary behavior and physical 
activity are independently related to functional fitness in older 
adults. Experimental Gerontology, 47(12), 908-912. https://doi.
org/10.1016/j.exger.2012.07.011

Silva, D. A. S., Lang, J. J., Petroski, E. L., Mello, J. B., Gaya, A. C., 
& Tremblay, M. S. (2020). Association between 9-minute walk/
run test and obesity among children and adolescents: evidence 
for criterion-referenced cut-points. PeerJ, 8, e8651. https://doi.
org/10.7717/peerj.8651

Silva, D. A. S., Teixeira, D. M., De Oliveira, G., Petroski, E. L., & de 
Farias, J. M. (2016). Aerobic fitness in adolescents in southern 
Brazil: Association with sociodemographic aspects, lifestyle and 
nutritional status. Revista Andaluza de Medicina del Deporte, 9(1), 
17-22. https://doi.org/10.1016/j.ramd.2014.11.002

Silva, D. A. S., Tremblay, M. S., Pelegrini, A., Silva, J. M. F. D. L., & 
Petroski, E. L. (2015). Low aerobic fitness in Brazilian adolescents. 
Revista brasileira de medicina do esporte, 21(2), 94-98. http://
doi.org/10.1590/1517-869220152102144547

Silva K. S., Lopes A. S., Hoefelmann L. P., Cabral L. G., De Bem M. F., 
…, Nahas M. V. Health risk behaviors Project (COMPAC) in youth of 
the Santa Catarina State, Brazil: ethics and methodological aspects. 
Revista Brasileira de Cineantropometria e Desempenho Humano 
2013, 15(1):1-15. https://doi.org/10.1590/1980-0037.2013v15n1p1

Soares, M. J. R. C. (2012). Influência da qualidade do sono na 
performance dos atletas de alta competição (Masters Dissertation). 
Instituto de Ciências Biomédicas de Abel Salazar, Universidade 
do Porto.

Stewart, A., Marfell-Jones, M., Olds, T., & De Ridder, H. (2011). 
International standards for anthropometric assessment (ISAK). New 
Zealand: Lower Hutt.

Turley, K. R., Wilmore, J. H., Simons-Morton, B., Williston, J. M., 
Epping, J. R., …, Dahlstrom, G. The reliability and validity the 
9-minute run in third-grade children. Pediatric Exercise Science, 
6(2), 178-187. https://doi.org/10.1123/pes.6.2.178

Vasques, D. G., Silva, K. S. D., & Lopes, A. D. S. (2007). Aptidão 
cardiorrespiratória de adolescentes de Florianópolis, SC. Revista 
Brasileira de Medicina do Esporte, 13(6), 376-380. https://doi.
org/10.1590/S1517-86922007000600004

Wilson, D. M., Nielsen, E., & Ciliska, D. (1984). Lifestyle assessment: 
testing the FANTASTIC instrument. Canadian Family Physician, 30, 
1863-1864. https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC2154238/

WHO. (2010). Global recommendations on physical activity for health. 
World Health Organization. https://www.who.int/publications/i/
item/9789241599979

WHO. (2016). Growth reference data for 5-19 years. 2007. World 
Health Organization. http://www.who.int/growthref/en

Motricidade, 2021, vol. 17, n. 2, pp. 129-139

https://doi.org/10.1590/S1517-86922002000100001
https://doi.org/10.1002/1520-6300(200102/03)13
https://doi.org/10.1038/sj.ijo.0803226
http://doi.org/10.18511/0103-1716/rbcm.v21n4p56-62
https://doi.org/10.1016/j.rbce.2018.03.033
https://doi.org/10.1016/j.rppede.2016.02.014
https://doi.org/10.1016/j.rppede.2016.02.014
https://doi.org/10.1590/S1415-52732005000200002
https://doi.org/10.4025/reveducfis.v23.4.17510
https://doi.org/10.1590/S0034-89102010000600003
https://doi.org/10.1590/S0034-89102010000600003
https://doi.org/10.5007/1980-0037.2012v14n4p401
https://doi.org/10.5007/1980-0037.2012v14n4p401
https://doi.org/10.1590/s0066-782x2008001400006
https://doi.org/10.1590/s0104-42302009000300026
https://doi.org/10.1016/j.exger.2012.07.011
https://doi.org/10.1016/j.exger.2012.07.011
https://doi.org/10.7717/peerj.8651
https://doi.org/10.7717/peerj.8651
https://doi.org/10.1016/j.ramd.2014.11.002
http://doi.org/10.1590/1517-869220152102144547
http://doi.org/10.1590/1517-869220152102144547
https://doi.org/10.1590/1980-0037.2013v15n1p1
https://doi.org/10.1123/pes.6.2.178
https://doi.org/10.1590/S1517-86922007000600004
https://doi.org/10.1590/S1517-86922007000600004
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2154238/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2154238/
https://www.who.int/publications/i/item/9789241599979
https://www.who.int/publications/i/item/9789241599979
http://www.who.int/growthref/en

