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Abstract
Purpose. To determine the prevalence of the presence of concomitant low health-related physical fitness components with 
sociodemographic factors among Brazilian adolescents living in a small town of German colonization. Methods. A cross-sec
tional epidemiological study on adolescents (10 to 17 years old) from the public schools of São Bonifácio, Santa Catarina, Brazil 
(N = 277) was conducted. The FITNESSGRAM test battery was applied to assess three physical fitness components (body compo
sition, cardiorespiratory and muscular fitness). Data on age (split into two age groups of 10–12 and 13–17 years), gender (male/
female), area of residence (rural/urban) and socioeconomic status (low/high) were collected by a questionnaire. Maturity, determined 
by pubic hair development, was self-assessed. The analyzed physical fitness components were analyzed in terms of the groups of 
three possible combinations that featured two physical fitness components concomitantly. Adjusted binary and multinomial 
logistic regression was applied, adopting a confidence level of 95%. Results. 75.4% of boys and 88.5% of girls showed unsatisfac-
tory levels for health in at least one physical fitness component. Girls living in rural areas were more likely to have combinations of 
excess body fat with low muscular fitness (OR = 5.06, 95% CI [1.31, 19.61]), low muscular fitness with low cardiorespiratory 
fitness (OR = 5.46, 95% CI [1.24, 23.94]) and feature two (OR = 8.82, 95% CI [1.60, 48.49]) low values of the components re-
gardless of which combination. Boys aged 10–12 years were less exposed to lower fitness levels compared to those with satisfac-
tory levels (OR = 0.09, 95% CI [0.01, 0.61]). Conclusions. More effective measures aimed at promoting physical fitness among 
adolescents are needed, where special attention should be given to boys aged 10–12 years and girls aged 13–17 years and living 
in rural areas.
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Introduction

Health-related physical fitness is based on morpho
logical, functional and motor factors that respectively 
correspond to body composition, cardiorespiratory fit-
ness and muscular fitness (flexibility, power and muscular 
strength). Researchers [1] have revealed that adolescents 
who have poor physical fitness in all of the health-re-
lated components are more likely to have a higher risk 
factor for metabolic syndrome.

Excess body fat acquired early in life contributes to 
the early onset of non-communicable chronic diseases 
such as cardiovascular disease, hypertension and type II 
diabetes [2]. Muscular fitness (power/muscular strength) 
has been inversely associated with death from all causes 
[3], and adequate cardiorespiratory fitness, regardless of 
body fat, has shown a lower prevalence of risk factors 
for cardiovascular disease [4, 5]. In obese adolescents, 
low physical fitness has been associated with elevated 
symptoms of depression [6].

 In adolescence, the components of health-related 
physical fitness are also associated with sociodemogra

phic indicators such as area of residence and socioecono
mic status [7–11]. Those living in rural areas with better 
socioeconomic status feature better cardiorespiratory 
fitness compared to their urban peers and those with 
lower socioeconomic status [7, 9, 12]. In relation to 
body composition, inadequate levels are less prevalent 
among rural adolescents [13]. However, a higher proba
bility of featuring excess body fat has been observed in 
adolescents with higher socioeconomic status [14, 15], 
a characteristic that has been observed in developing 
countries such as Brazil.

 Although there are some studies in international 
literature that were found to concomitantly analyze the 
components of health-related physical fitness in adoles-
cents and its associated factors [1, 4, 5], most of them 
were limited by only concentrating on associations 
between excess body fat and low cardiopulmonary fit-
ness [4, 5]. In addition, these surveys were conducted on 
Portuguese [1, 4] and American adolescents [5]; no Bra-
zilian studies investigating the presence of the compo-
nents of low health-related physical fitness and its as-
sociated factors were found.

Brazilian studies that did address this problem were 
found to separately analyze the physical fitness com-
ponents and its associated factors [9, 10] or only study 
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how these physical fitness components are associated 
with each other [16, 17]. Given that the presence of 
low physical fitness levels promotes the occurrence of 
risk factors in health [2–5] and that these are related to 
sociodemographic factors [7–11], it was considered essen-
tial to evaluate these factors at an early age and analyze 
them according to these outlined parameters. One reason 
being that adolescence is considered a period of nu-
merous lifestyle changes that may contribute towards 
maintaining satisfactory physical fitness levels later in 
adulthood [18].

Thus, the objective of this study was to determine 
the prevalence of the presence of low health-related 
physical fitness components concomitant with associ-
ated sociodemographic factors (age, area of residence 
and socioeconomic status) among Brazilian adolescents 
(10 to 17 years old) living in a small town formerly 
colonized by German settlers.

Material and methods

Study design and participants

Analysis on the health-related physical fitness of ado-
lescents and its associated factors was developed as part 
of a cross-sectional epidemiological project entitled “Phy
sical activity and lifestyle: a study of three generations 
in São Bonifácio, Santa Catarina”. It was approved by 
the Ethics Committee on Human Research at the Fede
ral University of Santa Catarina (UFSC), process No. 
973/10. To date, this is the only study conducted on 
adolescents from São Bonifácio, a town in Santa Cata-
rina (SC), a state located in the southern part of Brazil. 
This city was intentionally selected due to its population 
makeup of individuals with German ancestry. The first 
Europeans that settled in Santa Catarina were German 
and they are considered to be the second largest ethnic 
group in the region after those with Italian ancestry. 
Although immigrants from various European countries 
have settled in the state, Germans make up the majority 
in the northern and southern part of Santa Catarina, 
with São Bonifácio standing out as being colonized only 
by Germans [19] starting from the year 1864.

In 2010, the population consisted of 3008 inhabi
tants with 77.23% living in rural areas. The city’s 
economy is based on largely on agriculture, with em-
phasis on tobacco, horticulture and dairy production 
[20]. With a Human Development Index of 0.785, São 
Bonifácio is classified as having an intermediate human 
development index [21].

A census was conducted among São Bonifácio’s 
schools, which included one state and four municipal 
public schools. Based on the World Health Organiza-
tion’s definition [2] of adolescence, only individuals aged 
10 to 17 years were invited to take part in the study.  
A total of 291 adolescents agreed to participate; the 
remaining eligibility criteria required that the student 

present a consent form signed by their parents, to be pre-
sent at school on the day of the assessment and to be 
able to perform the physical tests.

Adolescents without a signed consent term (n = 3), 
those who were absent on the day of the assessment  
(n = 5), those who refused to participate in the study 
(n = 5) and those who had some motor limitation im-
pairing their ability to complete the physical tests on 
the day of assessment (n = 1) were excluded from the 
final sample, resulting in a total of 277 adolescents (145 
boys and 132 girls) that took part in the study.

Data collection

A team of evaluators, composed of 14 teachers and 
students taking a university course in physical educa-
tion, volunteered to assist in data collection. A pilot study 
was conducted on a sample of adolescents with charac-
teristics similar to the study population in order to test 
the measurement instruments and the time required 
to perform each physical test.

Data were collected over a period of seven days in Sep-
tember 2010 on school grounds and during class time. 
Each evaluator was responsible for the same test from the 
beginning to end of data collection. The health-related 
physical fitness components investigated were: body com-
position, muscular fitness and cardiorespiratory fitness. 
Fat percentage was used to assess body composition. 
The first step in data collection consisted of taking the 
adolescents’ anthropometric measurements (body weight, 
height and skinfold thickness). Then, the adolescents 
were taken to their school’s multi-sports gymnasium 
where the physical tests were conducted and sexual ma
turation was assessed. No warm-up exercises were per-
formed prior to the physical fitness tests.

 Anthropometry

Body mass was measured using a digital scale (Fili-
zola, Brazil) with a measurement capacity of 150 kg and 
accurate to 100 g. Height was obtained using a stadio
meter (Sanny, Brazil) with an accuracy of 0.1 cm. Triceps 
(TRSF) and subscapular skinfolds (SSSF) were collected 
using a scientific adipometer (Cescorf, Brazil), a model 
similar in mechanical design to the adipometer made 
by Harpenden (United Kingdom), which provides a con-
stant jaw pressure of 10 g/mm2, is accurate to 0.1 mm and 
has a contact area (surface) of 90 mm2. The measure-
ments were performed by two trained evaluators. For this 
measurement, prior to data collection, the intra-and in-
ter-evaluator Technical Error of Measurement (TEM) 
was calculated on a sample of 17 adolescents using the 
difference method based on the procedures outlined 
by Gore et al. [22]. The intra-evaluator TEM limit was 
found to be 3% for skinfolds and 1% for other meas-
ures. For inter-evaluator TEM, an error limit of 7% for 
skinfolds and 1% for other measures were adopted. To 
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evaluate body composition, TRSF and SSSF were used 
in calculating the body fat percentage using Slaughter 
et al.’s formula [23].

Physical fitness

Muscular fitness was assessed by evaluating flexi-
bility (back-saver sit and reach) and muscle strength/
endurance (curl-up and modified pull-up). The back-
saver sit and reach test was performed with the help of 
a wooden box 30 cm in height on which a measuring 
ruler was placed sticking 22.5 cm out from the edge of the 
box from where the subject placed their feet; the “zero” 
end of the ruler was placed nearest to the subject.

The subject executed the test with one leg completely 
extended and brought up to rest flat on the box; the other 
leg was bent with the sole of the foot flat on the floor. 
The subject then performed a forward trunk flexion with 
arms extended, hands placed one on top of the other 
with palms down, trying to bend as far forward as pos-
sible on the measuring stick. The same procedure was 
performed a total four times by switching the position of 
the legs, and the highest measurement obtained for each 
leg was recorded. The accuracy of this measurement 
was within 0.1 cm. Due to the high correlation between 
flexibility of the right and left legs (r = 0.92), the mean 
of both measurements was used.

In the curl-up test, subjects had to complete as many 
curl-ups as possible (up to a maximum of 75) so as to 
comply with the established execution cadence of 20 
repetitions per minute, or one repetition every three 
seconds. A gym mat was used with two 11.5 cm measure-
ment strips fixed on both sides. The subject was to lie in 
a supine position on the mat, knees bent at an angle of 
approximately 140°, feet flat on the floor, legs slightly 
apart, arms straight and parallel to the trunk with the 
palms resting on the mat and fingers stretched out and 
the head in contact with the mat. The subject was po-
sitioned so that their fingertips rested on the nearest edge 
of the first measuring strip. To execute the trunk flexion, 
the subject slowly slid their fingers across the measuring 
strip until they reached the opposite end, which signi-
fied they properly executed a curl-up. The number of 
correctly performed repetitions was recorded.

For the modified pull-up test, a bar and an elevated 
support were used. The subject lay on a gym mat in the 
supine position with shoulders facing the hanging bar, 
which was set three to five cm above the subject’s grasp. 
An elastic band was placed approximately 15 cm below 
and parallel to the bar. With an overhand grip, the sub-
ject grasped the bar at a grip equivalent to shoulder 
width. The exercise began by being suspended (arms 
and legs straight) in the “down” position, buttocks off 
the floor and with only the heels touching the floor. 
The subject then continuously pulled their body up until 
the chin was above the band. The test was finished when 
either the subject was physically unable to perform any-

more repetitions or when the subject performed two 
incorrect repetitions in a row. Only the number of cor-
rectly performed repetitions was recorded.

A 20-m shuttle run test was used to assess adoles-
cents’ cardiorespiratory fitness and consisted of running 
between two points 20 meters apart from each other 
at an increasing speed. Running speed was paced by the 
use of an audio signal that required the participants to 
complete the 20-m course before the sound of a beep. 
The initial speed of the test was 8.5 km/h, progressively 
increased by 0.5 km/h every minute. The test continued 
to increase the running speed and terminated once an 
individual was unable to keep up with the audio cadence 
and failed to finish the 20-m distance before the beep 
was heard. The speed of the last successfully completed 
lap was then recorded. Data from the test were analyzed 
by using a formula proposed by Léger et al. [24] to es-
timate maximal oxygen uptake (VO2max): Y = 31.025 + 
(3.238 · X1) – (3.248 · X2) + (0.1536 · [X1 · X2]), in which 
Y was the predicted value of VO2max in ml/kg/min, 
X1 = Running speed corresponding to the stage in km/h 
and X2 = Subject’s age.

The recommended procedures proposed by the 
FITNESSGRAM [25] were adopted for completing the 
physical tests as well as the suggested cutoff points for 
this test battery [26] in order to to determine the pro-
portion of adolescents who did not meet the health 
criteria specific for sex and age.

Sociodemographic variables
 	
Sociodemographic data were collected for age, sex, 

area of residence and socioeconomic status. For later 
analysis, age was dichotomized into two groups consist-
ing of younger (10–12 years) and older (13–17 years) 
adolescents. Sex (male/female) and area of residence 
(rural/urban) were self-reported.

To define socioeconomic status, the guidelines pro-
posed by the Brazilian Association of Research Com-
panies (ABEP) [27] were used, which estimate the pur-
chasing power of families and ranks them from richest 
to poorest (A1, A2, B1, B2, C1, C2, D and E) based on 
the accumulation of material goods, housing conditions, 
number of working individuals in the household and 
the education level of the household head. Due to the 
small number of subjects in this study, categories A 
and B were classified as having high socioeconomic sta-
tus and categories C, D and E as having low status. This 
questionnaires were given to the adolescents to be taken 
home and filled out by their parents and returned to 
school the next day.

Sexual maturation
	
Sexual maturity was self-assessed by the participants 

by classifying their pubic hair development, as proposed 
by Tanner [28] and elaborated by the Department of Nu-
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trition at the UFSC (Kendall’s correlation coefficient of 
0.627 [p < 0.01] for boys and 0.739 [p < 0.01] for girls) [29]. 
Assistance was provided by an evaluator of the same 
sex as the adolescent. In this procedure, students were 
individually instructed in a private room where their 
evaluator explained the importance and objectives of 
the sexual maturation assessment. The evaluator then 
described the required procedure and on how to fill out 
the evaluation form. The participants were shown a board 
with photographs of five stages of pubic hair develop-
ment, asked to carefully note the differences in each 
of the photographs and then rate which photograph 
best resembled his/her pubic hair development on the 
evaluation form.

Statistical analysis
 
Absolute (n) and relative (%) frequency, median, 

mean, standard deviation and inter-quartile interval 
values were used for descriptive analysis of the studied 
variables. The normality of the data was assessed us-
ing the Kolmogorov-Smirnov test separately for each 
sex. Normal distribution for flexibility and body fat 
percentage was found after applying log10 data transfor-
mation. To compare the average values between sexes, 
the Student’s t-test was used for variables showing nor-
mal distribution (flexibility and body fat percentage), 
while its non-parametric equivalent (the Mann-Whitney 
U test) was used for the other tested variables (curl-up, 
modified pull-up and 20-m shuttle run [VO2max] tests). 
The muscle strength/endurance and flexibility tests 
were added to the “muscular fitness” variable [25]. 
Adolescents who had excess body fat and/or those who 
did not meet the recommended health criteria in at 
least one of the three muscular fitness and/or cardiores-
piratory fitness tests were considered to feature low 
physical fitness.

 A “simultaneity” variable was created from the sum 
of the presented health-related physical fitness compo-
nents that did not meet the criteria proposed by the 
FITNESSGRAM, categorized as featuring none, one, 
two or three components that define health risks. Three 
other dependent variables relating to the possible com-
binations of two components were also created: Com-
bination 1 (excess body fat and low muscular fitness), 
Combination 2 (excess body fat and low cardiorespi-
ratory fitness), Combination 3 (low muscular fitness and 
low cardiorespiratory fitness). In this assessment, ado-
lescents who did not undergo all of the physical test or 
skinfolds evaluation were excluded (n = 9).

 The prevalence of low health-related physical fitness 
components, both separately and concomitantly, were 
estimated by relative frequency distribution. Differences 
between sex were determined by the confidence inter-
vals of prevalence.

For regression analysis of the various combinations 
of low physical fitness components, three binary logistic 

regressions were performed to estimate the odds ratios 
and confidence intervals, considered as dependent varia-
bles, after adjusting for all independent variables. For 
the “simultaneity” variable, an adjusted multinomial 
regression was performed for all independent varia-
bles and no component was considered as the reference 
category when estimating the odds ratios and confi-
dence intervals. The adopted confidence level adopted 
was at 95% and the significance level was adopted at 
5%. Data were entered into Microsoft Excel software and 
analyzed using Statistical Package for Social Sciences 
(SPSS, IBM, USA), version 15.0.

Results
 	
Table 1 shows the general characteristics of the ado-

lescents (10 to 17 years of age) according to sex. Girls 
showed higher TRSF, SESF, body fat percentage and 
flexibility values. Boys showed higher mean values in 
the power/muscular strength and cardiorespiratory fit-
ness tests.

The sociodemographic characteristics of adolescents 
stratified by sex, area of residence and socioeconomic 
status are shown in Table 2. A higher frequency of boys 
aged 13–17 years (51.7%), living in rural areas (69.3%) 
and belonging to low socioeconomic status (56.5%) 
was observed. A higher frequency of girls aged 13–17 
years (56.8%), living in rural areas (67.2%) and high 
socioeconomic status (55.1%) was observed.

Figure 1 shows that excess body fat was present in 
one out of three adolescents, for boys at 95% CI [21.3, 
36.4] and girls at 95% CI [23.7, 39.9] (p > 0.05). The 
prevalence of low muscular fitness was found in more 
than half of the boys at 95% CI [60.2, 76.0] and most 
of the girls at 95% CI [80.1, 92.2] (p  0.05). The pro-
portion of adolescents with low cardiorespiratory fit-
ness was similar between boys at 95% CI [20.0, 35.1] 
and girls at 95% CI [28.5, 45.9].

In the adjusted logistic regression analysis for all 
independent variables (Tab. 3), girls living in rural areas 
were more exposed to low levels of combined excess 
body fat and muscular fitness (OR = 5.06, 95% CI [1.31, 
19.61]) and muscular fitness and cardiorespiratory fit-
ness (OR = 5.46, 95% CI [1.24, 23.94]) compared to 
those living in urban areas. The chances of presenting 
excess body fat and low muscle fitness were lower among 
girls 10–12 years of age when compared to those 13–17 
years of age. No associations were found between the 
three combinations and sociodemographic factors for 
boys and socioeconomic level for girls (p > 0.05).

When low fitness components were grouped (Fig. 2), 
it was observed that 75.4% of boys and 88.5% of girls 
showed unsatisfactory health levels in at least one fit-
ness component. Differences between sexes were ob-
served only for adolescents not exposed to low physi-
cal fitness components, being more prevalent in boys 
at 95% CI [18.1, 32.6] than in girls at 95% CI [6.0, 17.1].
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Table 1. General characteristics of the participants

Variables
Boys Girls

p-value
n SD Md IIQ n SD Md IIQ

Chronological age 
(years) 140 12.97 2.32 13.00 11.00–15.00 130 13.18 2.12 13.00 11.00–15.00 0.307

Body mass (kg) 140 53.64 16.41 54.00 41.70–62.80 130 54.36 14.80 54.85 44.35–62.88 0.725
Height (cm) 140 159.27 14.76 160.50 146.88–172.55 130 159.82 10.32 162.85 153.08–167.10 0.881
TSF (mm) 140 13.52 6.89 11.35 8.00–17.18 130 18.44 6.82 17.35 13.62–21.88 0.000
SSF (mm) 145 11.32 8.07 8.05 6.38–13.05 130 14.23 8.99 11.50 8.43–16.38 0.000
Body fat (%) 140 20.97 11.36 16.82 13.18–26.93 130 26.69 8.88 25.17 21.28–31.94 0.000
Flexibility (cm) 140 22.79 6.15 22,50 18.93–26,31 130 26.02 5.35 26.50 22.56–30.00 0.000
Curl-ups 

(repetitions) 140 26.14 20.76 21.50 12.00–34.25 130 23.59 19.32 19.50 10.00–30.00 0.229

Pull-ups 
(repetitions) 140 8.26 5.65 7.00 3.00–12.00 130 3.29 2.77 3.00 1.00–5.00 0.000

Cardiorespiratory 
fitness (VO2max) 138 44.23 4.62 44.55 41.42–47.40 128 40.56 5.12 41.15 37.35–44.57 0.000

 – mean; SD – standard deviation; Md – median; TSF – triceps skinfold thickness; SSF – subscapular skinfold thickness;  
IIQ – inter-quartile interval; p-value based on the Student’s t-test for body mass, TSF, percent body fat and flexibility.  
For the other variables, the Mann-Whitney U test (chronological age, height, SSF, curl-up, pull-ups, and cardiorespiratory 
fitness) was used

Table 2. Distribution of sociodemographic variables according to sex among adolescents

Variables
Boys Girls Total

n % n % n %

Age (n = 277)
10–12 years 70 48.3 57 43.2 127 45.8
13–17 years 75 51.7 75 56.8 150 54.2

Residence (n = 265)
Rural 95 69.3 86 67.2 181 68.3
Urban 42 30.7 42 32.8 84 31.7

SES (n = 231)
Low 70 56.5 48 44.9 118 51.1
High 54 43.5 59 55.1 113 48.9

SES – socioeconomic status

Figure 1. Prevalence and 95% 
confidence level of low 

health-related physical fitness 
components according to sex 
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Figure 2. Prevalence and 95% 
confidence level of con

comitantly presenting low 
health-related fitness physical 
components according to sex

Table 3. Binary logistic regression analysis for combinations of two low health-related physical fitness components  
adjusted for sociodemographic variables and sexual maturation

Variables

Excess body fat ×  
low muscular fitness

Excess body fat ×  
low cardiorespiratory fitness

Low muscular fitness ×  
low cardiorespiratory fitness

OR† 95% CI OR† 95% CI OR† 95% CI

Boys
Age (years)

10–12 0.82 0.33–2.04 0.54 0.23–1.24 0.42 0.16–1.10
13–17 1 1 1

Residence
Rural 1.17 0.51–2.69 0.93 0.42–2.03 1.05 0.44–2.49
Urban 1 1 1

SES	
Low 1.14 0.52–2.53 1.03 0.49–2.17 1.21 0.53–2.77
High 1 1 1

Girls
Age (years)

10–12 0.74 0.20–2.78 0.35 0.15–0.85* 0.33 0.07–1.46
13–17 1 1 1

Residence
Rural 5.06 1.31–19.61* 2.20 0.86–5.65 5.46 1.24–23.94*
Urban 1 1 1

SES	
Low 1.20 0.30–4.73 0.97 0.40–2.36 3.02 0.55–16.40
High 1 1 1

OR – odds ratio, 95% CI – confidence interval of 95%, SES – socioeconomic status, 
* p  0.05, † analysis adjusted for all sociodemographic variables and sexual maturation 

In the analysis of the concomitant presence of low 
physical fitness levels in the three investigated compo-
nents (Tab. 4), adjusted for all sociodemographic vari-
ables and sexual maturation, a relationship was found 
in girls and boys. Girls living in rural areas were 8.82 
times more likely to present low physical fitness levels 
in two components, regardless of which two compo-
nents, compared to those with adequate body compo-
sition, cardiorespiratory fitness and muscular fitness 

levels. Boys aged 10–12 years had lower odds of pre-
senting low levels of physical fitness in all components 
(OR = 0.09, 95% CI [0.01, 0.61]) compared to those with 
satisfactory levels. The age and socioeconomic level 
variables for girls and the area of residence and socio-
economic level variables for boys, controlled for sexual 
maturation, were not associated with the concomitant 
presence of the physical fitness components (p > 0.05).
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Discussion

The main findings of this study, considering the cut-
off points adopted for body fat percentage and cardio-
respiratory fitness of girls and boys, reveal that the 
prevalence of low physical fitness was similar between 
sexes except for low muscular fitness, which was pro-
portionally higher in girls. The proportion of adoles-
cents with satisfactory physical fitness levels in all com-
ponents differed between sexes, being more prevalent 
in boys. The chance of showing a combination of excess 
body fat and low muscular fitness, and low cardiorespi-
ratory and muscular fitness levels, were higher for girls 
living in rural areas. Girls 10–12 years of age were less 
exposed to the combination of excess body fat and low 
cardiorespiratory fitness. Concomitantly presenting un-
satisfactory physical fitness levels in two of the studied 
components was higher for girls living in rural areas 
and less in boys aged 10–12 years.

The proportion of adolescents with excess body fat 
and low cardiorespiratory and muscular fitness found 
in this study is consistent to that found in other Brazil-
ian cities [9, 15, 30, 31]. The prevalence of low physical 
fitness in terms of cardiorespiratory fitness was observed 
in a city in southern Brazil (68.0% of boys and 37.8% of 
girls) [9] and one in southeastern Brazil [15] in terms of 
body composition (24.1%), flexibility (40.8%), muscle 
strength/endurance (98.5%) and cardiorespiratory fit-
ness (35.4%), although these studies adopted different 

classification criteria. The prevalence level found in this 
study was higher than those observed in Portuguese 
adolescents [4] for body composition and cardiorespi-
ratory fitness components and lower than those found 
in Europeans adolescents [32] for cardiorespiratory 
fitness. The prevalence of adolescents with low physical 
fitness is alarming, given the risk of hypokinetic diseases 
such as obesity, which may arise already in childhood 
and early adolescence. On the other hand, adolescents who 
meet the health criterion for all physical fitness compo-
nents are less exposed to metabolic risk factors [1].

Younger girls (10–12 years) were less likely to present 
combination of excess body fat with low cardiorespira-
tory fitness levels, when analyzed by the cutoff points 
used in this study, in relation to older girls. Similar re-
sults were observed in girls from Brazilian cities [9, 10] 
in studies analyzing the physical fitness components 
separately. In girls, the process of sexual maturation 
occurs early in adolescence, which gives increased body 
size and muscular mass and leads, therefore, to better 
functional and motor performance [33]. However, due 
to hormones, there is an increase in the amount of body 
fat by the end of adolescence [33]. Such changes in body 
composition may have negatively influenced performance 
in the muscular and cardiorespiratory fitness tests [34] 
in the group of older girls, exposing them to low physi
cal fitness. In addition, girls around 14 years of age tend 
to feature unchanging or even reduced levels in motor 
skill performance [33].

Table 4. Multinomial regression analysis of the low health-related physical fitness components adjusted  
for sociodemographic variables and sexual maturation

Variables
1 component 2 components 3 components

OR† 95% CI OR† 95% CI OR† 95% CI

Boys
Age (years)

10–12 0.62 0.20–1.93 0.73 0.23–2.26 0.09 0.01–0.61*
13–17 1 1 1

Residence
Rural 1.73 0.62–4.88 1.02 0.37–2.79 0.90 0.20–4.12
Urban 1 1 1

SES
Low 2.02 0.76–5.40 1.19 0.45–3.16 0.80 0.18–3.59
High 1 1 1

Girls
Age (years)

10–12 0.63 0.13–3.06 0.29 0.06–1.55 0.19 0.03–1.20
13–17 1 1 1

Residence
Rural 3.25 0.68–15.46 8.82 1.60–48.49* 5.48 0.86–34.97
Urban 1 1 1

SES
Low 3.26 0.57–18.67 2.17 0.35–13.63 2.25 0.31–16.36
High 1 1 1

Reference category = no low component; OR – odds ratio, 95% CI – confidence interval of 95%, SES – socioeconomic status, 
*p  0.05, † analysis adjusted for all sociodemographic variables and sexual maturation
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Girls living in rural areas showed a higher predomi
nance of having low physical fitness levels in two com-
ponents, whether excess body fat, cardiorespiratory or 
muscular fitness. In addition, they were more exposed to 
excess body fat and low muscular fitness or the combi-
nation of low muscular and cardiorespiratory fitness 
levels. These data are not in agreement with the findings 
of other studies [7, 12], which indicate that girls living in 
urban areas have a greater likelihood of presenting low 
physical fitness. It is speculated that the manual labor 
performed by adolescents living in rural areas contributes 
to maintaining desirable health-related physical fitness 
levels. In this study, the fact that girls living in rural areas 
are more exposed to low physical fitness levels can be 
explained by the lifestyle adopted by Brazilian girls of 
German descent. Moreover, the predominance of me
chanization has also reduced manual labor, which could 
contribute to the low physical fitness levels observed 
in this study.

Boys aged 10–12 years were less exposed low physical 
fitness levels in the three components compared to those 
with satisfactory levels. Unlike the results found in this 
study, other studies separately examining physical fitness 
components [9, 12] found higher chances presenting low 
physical fitness in young adolescents. According to Pet-
roski et al. [35], approximately one in every four chil-
dren showed unhealthy body composition, and two in 
every three showed low levels of aerobic and musculo-
skeletal fitness. The authors also observed that the prev-
alence of cardiorespiratory unfitness is greater among 
older male adolescents (aged 17 to 19 years) than younger 
male adolescents (aged 15 to 16 years).

During puberty, the increased secretion of androgens 
in males provides gains in muscle mass; however, there 
is also an increase in body fat [33], which may have con-
tributed to the lower levels of muscular fitness and greater 
amount of body fat observed in older boys. Changes 
in body structures also change flexibility levels. During 
the growth spurt, there is rapid growth in the anatomi-
cal structures of adolescents’ bodies, in which bones, 
muscles and tendons grow at different rates and can re-
sult in a temporary reduction in flexibility [33]. In cardi-
orespiratory fitness, the lower amount of body fat present 
in early adolescence [33] may have favored younger boys 
being less exposed to low levels of this component.

No association was found between the cumulative 
presence of low health-related physical fitness levels and 
socioeconomic status in this group of Brazilian adoles-
cents with German ancestry. However, different results 
were found in studies separately analyzing the physical 
fitness components [9, 36]. In a state capital in the south 
of Brazil, adolescents (10–15 years of age) with higher 
socioeconomic status had better cardiorespiratory fit-
ness levels compared to those belonging in lower socio-
economic groups [9]. European adolescents (12.5 to 
17.5 years of age) showed strong and positive correla-
tions between socioeconomic status and physical fitness 

levels (agility, hand grip strength, lower limb strength 
and cardiorespiratory fitness), regardless of total body 
fat and total physical activity [8]. In a study on boys 
(10–15 years of age) from Poland [37], the physical fitness 
components differed according to the number of siblings. 
The results of an endurance shuttle run and bent arm 
hang test were found to most strongly correlate with 
the number of siblings, i.e., the more siblings one had, the 
better their results [37]. Other researchers [38] observed 
that environmental and sociodemographic conditions 
are related to adolescents’ fitness level. Further research 
should analyze the health-related physical fitness com-
ponents in adolescents with homogeneous socio-cultural 
characteristics and clarify the association between physi
cal fitness and socioeconomic status.

It was observed that the prevalence of presenting low 
physical fitness levels among the group of Brazilian 
adolescents with German ancestry is similar to that 
observed for adolescents from other regions in Brazil, 
but lower than that observed in European adolescents, 
in terms of the cardiorespiratory fitness component, 
assessed by the cutoff points for body fat percentage and 
cardiorespiratory fitness. The associated factors in this 
study were similar to those observed in other Brazilian 
studies, except for area of residence, in which girls living 
in rural areas were more exposed to concomitant low 
physical fitness components. Compared to European 
adolescents, a positive association between physical fit-
ness and socioeconomic level was found. These results 
may be a consequence of changes in the physical activity 
patterns performed by adolescents living in rural areas 
and/or the socio-cultural characteristics of this popu-
lation, since the physical fitness components differ be-
tween different ethnicities [11, 39].

One limitation of this study was its design. Although 
it is the most suitable for cross-sectional studies, it does 
not establish causal relationships between physical fit-
ness components and demographic indicators. Moreo-
ver, the motivation to carry out physical tests, which 
was an uncontrollable variable here, could have influ-
enced the results. The tests used to estimate muscular 
fitness were found to have poor validity [40]; however, 
they were used in order to be comparable to other studies. 
Since average physical activity level, aspects of regiona
lism and ethnicity were not investigated in this study, 
other associations and inferences could have affected 
the results. 

Among the strengths of this study was that the ana-
lyzed adolescent sample is a good representative sample 
of the population in São Bonifácio since, according to 
the information from the school office, the dropout rate 
is 0%. Furthermore, this study was the first to perform 
analysis of the concomitant presence of low physical 
fitness components and its associated factors in Brazil-
ian adolescents. This study also featured using the new 
cutoff points proposed by the FITNESSGRAM for body 
composition and cardiorespiratory fitness nationwide.
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 These results are also useful for developing improved 
public policies, given that some non-communicable 
chronic diseases result from the concomitant presence 
of low physical fitness components. In addition, the re-
sults of this study can aid the design of future studies 
that take into account the sociodemographic charac-
teristics and the stage of sexual maturation of adoles-
cent students.

Conclusions

The results revealed a high prevalence of the concomi-
tant presence of low physical fitness components, with 
girls featuring a higher proportion than boys. In the 
prevalence of the components alone, only low muscular 
fitness differed between sexes, with girls more exposed 
to lower levels of this component. Younger girls were less 
exposed to the combination of featuring excess body 
fat with low cardiorespiratory fitness. The chances of 
having excess body fat combined with low muscular fit-
ness, low muscular fitness with low cardiorespiratory 
fitness, and low physical fitness levels in two of the com-
ponents regardless of the combination, were higher for 
adolescents living in rural areas. Boys aged 10–12 years 
were less exposed to low physical fitness levels in the three 
studied components when compared to those with sa
tisfactory levels.
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