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Abstract. Objective: To identify associations between physical fitness, extracurricular physical activity, and body adiposity in a 
representative sample of adolescents from Florianópolis, Brazil. Methods: This cross-sectional, school-based study included 981 
adolescents aged 14–18 years attending public schools in Florianópolis, Brazil. The dependent variable was body adiposity, calculated 
from the sum of triceps and subscapular skinfold thicknesses. Participation in extracurricular physical activity and health-related 
physical fitness components (flexibility, muscle strength and endurance, cardiorespiratory fitness) were independent variables. Re-
sults: The prevalence of high body adiposity was 27.1%, not differing between sexes (boys = 25,0%, girls = 29.4%). There was a 
negative association between body adiposity, cardiorespiratory fitness, and abdominal endurance in both sexes. The final model 
explained 58.2% of the variation in body adiposity scores in girls and 47.9% in boys. Negative associations of body adiposity with 
cardiorespiratory fitness (girls: β = -0.752, p < 0.001; boys: β = -0.655, p < 0.001) and abdominal endurance (girls: β = -0.070, p 
= 0.021; boys: β = -0.077, p = 0.021) were found in both sexes. Negative associations of body adiposity with extracurricular physi-
cal activity were observed in girls (β = -0.078, p = 0.010) and with grip strength (β = -0.121, p < 0.001) and flexibility (β = -
0.082, p = 0.015) in boys. Conclusion: Regardless of sex, adolescent groups with low cardiorespiratory fitness and abdominal en-
durance were the most affected by high body adiposity. Furthermore, lower participation in extracurricular physical activity in girls 
and lower strength and flexibility in boys were associated with higher body adiposity.  
Keywords: Adolescent. Body composition. Extracurricular physical activity. Kinanthropometry.  
 
Resumen. Objetivo: Identificar las asociaciones entre aptitud física, actividad física extraescolar y adiposidad corporal en una mues-
tra representativa de adolescentes de Florianópolis, Brasil. Método: estudio transversal, de base escolar, que incluyó a 981 adolescen-
tes de 14 a 18 años, matriculados en escuelas públicas de la ciudad de Florianópolis-SC. La variable dependiente fue la adiposidad 
corporal, obtenida por la suma de dos pliegues cutáneos (tríceps + subescapular). Se consideraron variables independientes la partici-
pación en actividad física extraescolar y los componentes de aptitud física relacionados con la salud (flexibilidad, fuerza y resistencia 
muscular, aptitud cardiorrespiratoria). Resultados: La prevalencia de adiposidad corporal alta fue de 27,1%, sin diferencia entre 
sexos (niños= 25%, niñas= 29,4%). Hubo una asociación negativa entre la adiposidad corporal, la aptitud cardiorrespiratoria y la 
resistencia abdominal en ambos sexos. El modelo final explicó el 58,2% de la variación en los puntajes altos de adiposidad corporal en 
las niñas y el 47,9% en los niños. En ambos sexos se encontraron asociaciones negativas entre la aptitud cardiorrespiratoria (niñas: β 
= -0.752, p= <0.001; niños: β = -0.655, p< 0.001) y la resistencia abdominal (niñas: β = -0.070, p= 0.021; niños: β = -0.077, 
p= 0.021) con adiposidad corporal. Además, en las niñas se observaron asociaciones negativas entre la actividad física extraescolar (β 
= -0,078, p= 0,010), y en los niños la fuerza de prensión (β = -0,121, p< 0,001) y la flexibilidad (β = -0,082, p =0.015) con 
adiposidad corporal. Conclusión: En ambos sexos, los niveles más altos de aptitud cardiorrespiratoria y resistencia abdominal se 
asociaron con la adiposidad de la parte inferior del cuerpo. En las chicas la actividad extraescolar y en los chicos la fuerza y flexibilidad 
muscular se asociaron negativamente con la adiposidad corporal. 
Palabras clave: Adolescente. Composición corporal. Actividad física extraescolar. Cineantropometría. 
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Introduction 
 
Obesity is a multifactorial chronic metabolic disorder 

characterized by excess body fat (Piqueras et al., 2021; 
WHO, 2022; Pinhas-Hamiel et al., 2022), predisposing the 
individual to chronic non-communicable diseases (WHO, 
2022; Okunogbe et al., 2021). As one of the most common 
metabolic disorders worldwide, obesity represents a public 
health challenge with substantial economic impacts and 
increasing prevalence rates (Piqueras et al., 2021; WHO, 
2022; Pinhas-Hamiel et al., 2022; Okunogbe et al., 2021). 

Studies of pediatric populations observed a high preva-
lence of obesity in several countries (WHO, 2022; Pinhas-
Hamiel et al., 2022), including Brazil, where prevalence 
rates ranging from 3.8% to 24% (Pelegrini et al., 2021) and 

from 2.2% to 44.4%, (Sbaraini et al., 2021) have been 
reported. These statistics are a cause for concern, given that 
obese children and adolescents are five times more likely to 
be obese in adulthood (Simmonds et al., 2016), which may 
generate outcomes such as diabetes, cancers, cardiometa-
bolic and psychosocial comorbidities, as well as early mor-
tality in midlife (Horesh et al., 2021; Jebeile et al., 2022). 

Specifically in adolescents, obesity has been associated 
with low physical fitness, affecting mainly health-related 
physical components (Chen et al., 2022). In general, ado-
lescents with obesity have lower performance in muscle 
strength and endurance, cardiorespiratory fitness (CRF) 
(Johansson et al., 2020; Brand et al., 2020; Dong et al., 
2019), and flexibility tests (Chen et al., 2022; Thompson 
et al., 2021). 
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Research also demonstrates inverse associations and 
correlations of muscle strength and endurance (García-
Hermoso et al., 2019; Palma, Parrací & Saa, 2022), as 
well as of changes in cardiorespiratory fitness levels in 
adolescence (García-Hermoso et al., 2020), with body 
adiposity in adulthood (García-Hermoso, 2019). Hence 
the recommendations for controlling obesity in adoles-
cents through modifiable risk factors, such as by reducing 
physical inactivity (WHO, 2020; Zouhal et al., 2020; 
Mateo-Orcajada et al., 2022).  

The levels of physical activity recommended for this age 
group can be achieved by participation in extracurricular 
sports and physical activity programs, which, according to 
data from several countries, have a positive association with 
physical activity level (Lee et al., 2018; Kokko et al., 2019; 
Miranda et al., 2020). Sports practice can promote impro-
vements in body fat percentage (Oliveira et al., 2017). 

Given the high and increasing levels of obesity in ado-
lescents (Stierman et al., 2021; WHO, 2022; Pinhas-
Hamiel et al., 2022; Kim & Kim, 2022), its negative ef-
fects on health (Horesh et al., 2021; Jebeile et al., 2022) 
and physical fitness (García-Hermoso et al., 2019; García-
Hermoso et al., 2020), and the economic impacts of 
comorbidities associated with excess body weight 
(Okunogbe et al., 2021), it is necessary to deepen our 
knowledge about associations of body adiposity with 
health-related physical fitness components and practice of 
extracurricular physical activity (EPA). Therefore, this 
study aimed to investigate associations between health-
related physical fitness, extracurricular physical activity, 
and body adiposity in a representative sample of adoles-
cents from Florianópolis, Brazil. 

 
Materials and methods  
 
This is an epidemiological, cross-sectional, school-

based study conducted as part of a larger research project 
entitled "Levels of physical activity, physical fitness, and 
health-related social behavior in adolescents: A study of 
secular trends," approved by the Human Research Ethics 
Committee at the Santa Catarina State University 
(UDESC, protocol No. 2,172,699). Adolescents of both 
sexes, aged 14 to 18 years, regularly enrolled in state 
public schools in Florianópolis, Santa Catarina State, Bra-
zil, in 2017 were considered eligible for the study.  

According to information provided by the State Secre-
tariat of Education of Santa Catarina, there were 11,798 
adolescents regularly enrolled in state public schools in 
Florianópolis in 2017. The sample size was calculated 
using the equation of Luiz & Magnanini (2000), with a 
confidence level of 1.96, tolerable error of 4%, and esti-
mated prevalence of 50%. An additional 10% was added 
to the minimum sample size to account for losses during 
the data collection process. These parameters resulted in 
an a priori sample size of 943 schoolchildren. Because of 
the cluster sampling procedure adopted, the initial sample 
comprised 1,026 adolescents aged 14 to 18 years attending 

public high schools. For the study, schools with the highest 
number of high school students in each of the five regions 
of Florianópolis (Center, East, North, South, and Main-
land) were selected. 

Body adiposity was assessed by measuring triceps and 
subscapular skinfold thicknesses, according to the Canadian 
Society for Exercise Physiology (CSEP, 2004). Measure-
ments were taken by using a scientific skinfold caliper (Ces-
corf, 0.1 mm resolution). Two measurements were collect-
ed non-consecutively from each site, and mean values were 
calculated. If the difference between measurements was 
greater than 5%, a third measurement was taken and the 
median value was used. The sum of the final values of each 
skinfold parameter was used to determine body adiposity, 
which was classified according to the cutoffs of the Ameri-
can Alliance for Health, Physical Education, Recreation, and 
Dance (AAHPERD, 1988). The AAHPERD protocol classi-
fies body adiposity as low, normal, and high; however, in 
the current study, the results were dichotomized into nor-
mal (low and normal) and high. 

Adolescents answered questions regarding sex (male and 
female) and age (complete years). Muscular endurance was 
assessed using an abdominal endurance test (ABD). Subjects 
were asked to lie in a supine position on a mat with their 
knees bent at 90°, their feet in contact with the floor, their 
arms at their sides, and their fingers stretched out toward 
the heels. The rhythm was set at 50 beats per minute using a 
metronome. The first beat referred to a rising movement 
and the next beat to the return to the initial position, re-
peated until the end of the test, for a maximum of one min. 
The test was interrupted if the subject felt uncomfortable, 
failed to maintain the cadence set by the metronome, or did 
not perform the technique correctly in more than two con-
secutive repetitions (CSEP, 2004).  

Muscle strength was measured by a handgrip strength 
(HGS) test using a digital dynamometer (Jamar®, 0.1 kg 
resolution). The opening was adjusted so that the second 
joint of each finger fit the dynamometer handle (CSEP, 
2004). Subjects were instructed to hold the dynamometer 
in line with the forearm at thigh level and slightly away 
from the body during the test, without touching the legs 
or any other object. Both hands were tested alternately, 
with two attempts for each hand. The highest measure-
ments of each hand were summed to determine the total 
handgrip strength.  

Flexibility was assessed by the sit-and-reach test, ac-
cording to the modified protocol of Wells & Dillon 
(CSEP, 2004). A wooden bench with a scale ranging from 
0 to 82 cm was used. Subjects placed the soles of their 
bare feet in contact with the bench at the 26 cm mark with 
the knees extended. The test consisted of sliding a cursor 
with the fingertips, reaching the maximum possible dis-
tance while remaining in contact with the cursor without 
forcing, maintaining the position for at least 2 s (CSEP, 
2004). Subjects were allowed to perform the test twice. 
Attempts with flexed knees were disregarded. Results 
refer to the best performance in valid attempts.  
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Cardiorespiratory fitness was measured by the bench 
test using the ergometer suggested by the modified Cana-
dian Aerobic Fitness Test (mCAFT) (CSEP, 2004). The 
bench contains two steps, the first at a height of 18.4 cm 
and the second at a height of 20.3 cm. Prior to the test, 
the maximum heart rate (HRmax) of subjects was calculated 
using the equation HRmax = 220 − Age (Karvonen et al., 
1957). Heart rate was measured at eight stages by using a 
heart rate monitor (Polar). Each stage lasted 3 min and 
was followed by a 20 s interval. Subjects initiated the test 
with both feet on the ground in front of the bench, step-
ping on the first step and passing to the second step with 
both feet on the upper surface of the bench, and then 
returning to the starting position. For boys, the last two 
stages (7 and 8) are performed on the side of the bench 
which contains only one step (greater height). For girls, 
only the last stage (8) is performed in this manner, at a 
lower pace than the previous stage. Cadence was set by a 
song made available by CSEP (2004), which determines 
the moments of stepping on and off from the bench, with 
the speed increasing at each stage. If the subject failed to 
maintain the rhythm, reported pain or discomfort, or the 
heart rate exceeded 85% of HRmax, the test was interrupt-
ed. For male adolescents aged 15 to 19 years, the test 
started at stage 4, whereas, for female adolescents, the test 
started at stage 3 (CSEP, 2004). Oxygen consumption 
data for each test stage were used to calculate the maximal 
oxygen consumption (VO2 max, mL kg−1 min –1) using the 
equation developed by Weller et al. (1993) for mCAFT. 

Extracurricular physical activity was assessed through 
the question, "Do you practice extracurricular physical 
activities/sports (other than physical education class)?" 
Response options were "yes" and "no." Habitual physical 
activity was estimated using the short version International 
Physical Activity Questionnaire (IPAQ) validated for Brazil-
ian adolescents (Guedes et al., 2005). Information regarding 
practice of physical activity on the previous 7 days was col-
lected and converted to daily minutes of moderate/vigorous 

intensity physical activity for analysis purposes. 
Sexual maturation was staged based on pubic hair de-

velopment, using figures adapted from Tanner (1962) by 
Adami & Vasconcelos (2008). The instrument consists of 
five figures depicting different stages of sexual maturation. 
After analyzing the figures, adolescents were asked to 
indicate the one that best corresponded to their current 
stage of development. 

Statistical analyses were performed using IBM SPSS 
Statistics version 20.0. A 5% level of significance was 
adopted in all analyses. Mean, median, standard deviation, 
interquartile range, and frequency distribution (absolute 
and relative) were estimated for characterization of study 
participants. The normality of the data was assessed using 
the Kolmogorov–Smirnov test. Independent t or Mann–
Whitney U-tests were used to investigate differences be-
tween sexes. Multiple linear regression analyses were 
conducted using the stepwise method to assess associations 
of body adiposity (dependent variable) with independent 
variables. Multiple linear regression models were adjusted 
for sexual maturation. 

 
Results 
 
The initial sample consisted of 1,026 adolescents. Of 

these, 34 were excluded because they were older than 18 
years, seven did not have cardiorespiratory fitness data, 
three did not provide information about participation in 
extracurricular physical activity, and one did not complete 
the abdominal endurance test. Thus, the final sample 
comprised 981 adolescents. 

Boys had higher means (p < 0.05) in most of the investi-
gated variables, with the exception of sum of skinfolds and 
flexibility, which were higher in girls (p < 0.05). Whereas 
57.2% of girls did not engage in extracurricular physical 
activity, most of the boys engaged in this practice (69.0%). 
The highest prevalence of sexual maturation was stage 4 
(44.7%) in girls and stage 5 (57.1%) in boys (Table 1).

 

Table 1. 
General characteristics of adolescents of both sexes. Florianópolis, SC (2017/18) 

Variables 
Female (n= 477) Male (n= 504) p-value 

͞x (SD) Median (IR) x ̅ (SD) Median (IR)  
Age (years) 16,34 (0,96) 16,00 (16,00-17,00) 16,51 (1,01) 17,00 (16,00-17,00) 0,007† 
Σ2SF (mm) 31,91 (12,64) 28,60 (22,83-37,93) 21,83 (11,76) 17,60 (14,50-24,93) < 0,001† 

MVPA (min/week) 344,04 (551,79) 180,00 (0,00-420,00) 599,67 (733,82) 360,00 (120,00-798,75) < 0,001† 
Flexibility (cm) 24,62 (9,33) 24,55 (18,35-31,53) 22,98 (8,82) 23,00 (16,45-28,99) 0,005* 

ABD (rep) 20,32 (7,06) 25,00 (17,00-25,00) 23,62 (3,85) 25,00 (25,00-25,00) < 0,001† 
HGS (kg) 51,68 (11,10) 51,20 (43,90-57,95) 79,89 (17,01) 78,85 (68,25-90,45) < 0,001* 

CRF (VO2máx) 39,71 (3,40) 39,87 (37,77-41,54) 49,75 (4,63) 49,79 (46,87-52,85) < 0,001† 
 n (%) n (%) p-value 

EPA     <0,001 
Yes 204 (42,8) 348 (69,0)  
No 273 (57,2) 156 (31,0)  

Sexual maturation   <0,001 
Stage 1 9 (1,9) 2 (0,4)  
Stage 2 19 (4,0) 4 (0,8)  
Stage 3 79 (16,6) 32 (6,3)  
Stage 4 213 (44,7) 178 (35,3)  
Stage 5 157 (32,9) 288 (57,1)  

͞x: mean; SD: standard deviation; IR: interquartile range; mm: millimeter; min: minutes; cm: centimeters; rep: repetitions; kg: kilograms; Σ2SF: sum of two skinfolds 
(triceps+subscapularis); MVPA: moderate and vigorous physical activity, ABD: abdominal endurance; HGS: Hand Grip strength; CRF: cardiorespiratory fitness; 
EPA: extracurricular physical activity. 
* Independent t test. 
† Mann–Whitney U-test. 
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It was observed that 27.1% of adolescents had high 
body adiposity, with no difference between sexes (p = 
0.132) (Figure 1). 

 

 
 

Figure 1. Body adiposity in adolescents of the total sample and stratified by 
sexes. Florianópolis, SC (2017/18). 

 
For girls (Table 2), three explanatory models for body 

adiposity were proposed. The first model contained cardi-
orespiratory fitness, which explained 57.2% (β = -0.758, 
p < 0.001) of the variation in body adiposity. The second 
model included participation in extracurricular physical 
activity, which, together with cardiorespiratory fitness, 
explained 57.7% of the variation in body adiposity. The 
third model contained abdominal endurance, cardiorespir-
atory fitness, and extracurricular activity, explaining 
58.2% of the variation in body adiposity. In the third 
model, cardiorespiratory fitness (β = -0.752, p < 0.001), 
participation in extracurricular physical activity (β = -
0.078, p = 0.010), and abdominal endurance (β = -0.070, 
p = 0.021) were negatively associated with body adiposi-
ty, revealing that the lower the levels of cardiorespiratory 
fitness, abdominal endurance, and participation in extra-
curricular physical activity, the higher the body adiposity. 

 
Table 2. 
Association between body adiposity and independent variables in female adoles-
cents. Florianópolis, SC (2017/18) 

 B ±  SE (B 95%CI) β R² 
Model 1    0,572 
Constant 145,408 ±  4,887 135,806; 155,010   

CRF -2,817 ±  0,112 -3,037; -2,597 -0,758*  
Model 2    0,577 
Constant 146,347 ±  4,879 136,761; 155,934   

CRF -2,819 ±  0,111 -3,038; -2,600 -0,758*  
EPA -1,817 ±  0,764 -3,318; -0,316 -0,071**  

Model 3    0,582 
Constant 147,663 ±  4,889 138,055; 157,270   

CRF -2,795 ±  0,111 -3,014; -2,576 -0,752*  
EPA -1,988 ±  0,764 -3,489; -0,486 -0,078**  
ABD -0,125 ±  0,054 -0,019; -0,129 -0,070**  

Dependent variable: Body adiposity. CRF: cardiorespiratory fitness; EPA: 
extracurricular physical activity; ABD: abdominal endurance. 
Analysis adjusted for sexual maturation. 
* p< 0,001. 
** p< 0,05. 

 
For boys (Table 3), four explanatory models of body 

adiposity were constructed. In the first model, cardi-
orespiratory fitness (β = -0.664, p < 0.001) explained 
44.5% of the variation in body adiposity. Grip strength 

was included in the second model, which together with 
cardiorespiratory fitness, explained 46.6% of the variation 
in body adiposity. The third model contained cardiorespir-
atory fitness, grip strength, and flexibility, explaining 
47.4% of the variation in body adiposity. Finally, ab-
dominal endurance was included in the fourth model (β = 
-0.077, p = 0.021), which together with cardiorespiratory 
fitness (β = -0.655, p < 0.001), grip strength (β = -
0.121, p < 0.001), and flexibility (β = -0.082, p = 
0.015), explained 47.9% of the variation in body adiposi-
ty. These findings indicate that, the lower the physical 
indicators, the higher the body adiposity. 

 
Table 3  
Association between body adiposity and independent variables in male adoles-
cents. Florianópolis, SC (2017/18) 

 B ± SE (B 95%CI) β R² 
Model 1    0,445 
Constant 102,979 ± 5,109 92,941; 113,018   

CRF -1,686 ± 0,085 -1,852; -1,519 -0,664*  
Model 2    0,466 
Constant 111,821 ± 5,396 101,218; 122,423   

CRF -1,725 ± 0,084 -1,889; -1,560 -0,679*  
HGS -0,102 ± 0,023 -0,147; -0,057 -0,147*  

Model 3    0,474 
Constant 112,290 ± 5,367 101,745; 122,834   

CRF -1,700 ± 0,084 -1,865; -1,536 -0,669*  
HGS -0,087 ± 0,023 -0,133; -0,041 -0,126*  

Flexibility -0,119 ± 0,045 -0,207; -0,031 -0,089**  
Model 4     
Constant 115,633 ± 5,535 104,757; 126,508  0,479 

CRF -1,665 ± 0,085 -1,831; -1,498 -0,655*  
HGS -0,084 ± 0,023 -0,130; -0,038 -0,121*  

Flexibility -0,109 ± 0,045 -0,197; -0,022 -0,082**  
ABD -0,235 ± 0,101 -0,434; -0,035 -0,077**  

Dependent variable: Body adiposity. CRF: cardiorespiratory fitness; HGS: hand 
grip strength; ABD abdominal endurance. 
Analysis adjusted for sexual maturation. 
* p< 0,001. 
** p< 0,05. 

 
Discussion 
 
This study aimed to examine the associations of body 

adiposity with health-related physical fitness, and partici-
pation in extracurricular physical activity among adoles-
cents. It was observed that 27.1% of adolescents had high 
body adiposity, with no difference between sexes (boys = 
25,0% and girls = 29.4%). Our findings show that cardi-
orespiratory fitness was the variable that best explained the 
variation in body adiposity in both sexes (57.2% in girls 
and 44.5% in boys). Furthermore, in girls, participation in 
extracurricular physical activities and abdominal endur-
ance also explain body adiposity. In boys, the explanatory 
variables were HGS, flexibility and abdominal endurance. 

About one in four adolescents had high body adiposity. 
Such a prevalence is similar to that observed in study de-
veloped in a city of Espírito Santo, Brazil, where 27.4% of 
boys and 29.1% of girls had an inadequate fat percentage 
(Oliosa et al., 2019). Because of the comorbidities caused 
by the obesity epidemic (Piqueras et al., 2021), several 
studies have sought to monitor the prevalence of adiposity 
in children and adolescents over time. There has been an 
increase in prevalence in pediatric populations with ad-
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vancing years (Sbaraini et al., 2021; Pinhas-Hamiel et al., 
2022; Kim & Kim, 2022). Children who are overweight 
and obese are more likely to remain so in adolescence 
(Simmonds et al., 2016; Znovar et al., 2022), and 80% of 
obese adolescents tend to remain obese as adults (Sim-
monds et al., 2016). Such evidence points to the need for 
multidisciplinary strategies aimed at controlling high levels 
of adiposity to improve the health of the population 
(Aceves-Martins et al., 2022) and reduce the economic 
impacts of obesity treatment (Okunogbe et al., 2021). 

Cardiorespiratory fitness was the main variable ex-
plaining the variation in body adiposity in both sexes. The 
worse the cardiorespiratory fitness, the higher the body 
adiposity. Similar results were observed in Spanish adoles-
cents aged 13 to 17 years: lower cardiorespiratory fitness 
levels were associated with higher percentage of fat, as 
determined by bioelectrical impedance analysis (Garcia-
Pastor et al., 2016). High cardiorespiratory fitness levels 
in childhood and adolescence are associated with lower 
body adiposity in adulthood (García-Hermoso et al., 
2020). Furthermore, for each unit increase in VO2 max, 
there is an 8%, 15%, and 27% decrease in three, four, and 
five or more anthropometric indicators of excess body fat, 
respectively (Gonçalves et al., 2018). 

Although several studies found an association between 
cardiorespiratory fitness and body adiposity (Johansson et 
al., 2020; Brand et al., 2020; Dong et al., 2019), it is not 
possible to determine whether cardiorespiratory fitness is 
negatively affected by low levels of physical activity in 
adolescents with high body fat or if the opposite is true 
(Dong et al., 2019). However, Dobrowolska et al. (2022) 
described a positive correlation between fat-free mass and 
lung capacity, demonstrating that the higher the lung ca-
pacity, the higher the fat-free mass. The authors observed 
an inverse correlation between fat mass and lung capacity, 
that is, the higher the fat mass, the lower the lung capacity 
(Dobrowolska et al., 2022), which reveals the importance 
of body composition for cardiorespiratory fitness. 

Ventilatory response to exercise progressively decreas-
es as obesity (BMI) increases, as observed among adults 
who sought surgical centers for weight loss (Balmain et al., 
2021). Therefore, it is suggested that the same can occur 
in adolescents with high adiposity levels. Respiratory gas 
exchange was found to be reduced during maximal exer-
tion in obese adolescents (Marinus et al., 2017), a factor 
that may hinder cardiorespiratory fitness. Other factors 
that should be considered are the changes in running me-
chanics (Bowser & Roles, 2021) and the need for greater 
propulsion during running (Gonçalves et al., 2015) in 
overweight and obese children, resulting in overload and 
affecting cardiorespiratory fitness, given the greater diffi-
culties in movement.  

Abdominal muscle endurance was negatively associated 
with body adiposity in both sexes, corroborating the find-
ings of Garcia-Pastor et al. (2016), who reported that 
adolescents with a higher proportion of body fat had lower 
muscle endurance. Similarly, negative associations be-

tween muscle strength and body adiposity were observed, 
in that boys and girls with higher body adiposity and waist 
circumference were more likely to have low muscle 
strength (Palacio-Agüero et al., 2020). It should be noted 
that, as for cardiorespiratory fitness, there is a prospective 
association between muscle fitness in adolescence and 
body adiposity in adulthood (García-Hermoso et al., 
2019). The negative association between muscle fitness 
and body adiposity can be explained by the fact that excess 
fat causes several physiological changes that negatively 
affect muscle contractile function and ultimately reduce 
muscle performance (Talis et al., 2018).  

Flexibility was also inversely associated with body adi-
posity in boys. These results corroborate studies carried 
out with adolescents aged 10 to 19 years in New York 
(Thompson et al., 2021) and with children and adolescents 
in China (Chen et al., 2022). Chen et al. (2022) identified 
that flexibility was least affected by high adiposity, high-
lighting that, during the test, individuals do not need to 
overcome resistance imposed by excess weight. Neverthe-
less, Thompson et al. (2021) theorized about the greater 
difficulty of adolescents with high body adiposity to lean 
forward during the test compared with adolescents with 
lower adiposity. Given the above, the real cause and effect 
of high body adiposity on flexibility in adolescents remains 
unknown, since the level of flexibility can also be attribut-
ed to the specificity of the daily activities of those evaluat-
ed. It is necessary to carry out more studies to understand 
how flexibility is influenced by high body adiposity.  

In girls, there was an inverse association between body 
adiposity and participation in extracurricular physical 
activities, demonstrating the need for greater engagement 
in physical activity, as physical activity is a determinant of 
overweight and obesity (Dong et al., 2019). Practice of 
physical activity is essential in interventions aimed at con-
trolling or reducing body adiposity in adolescents (Aceves-
Martins et al., 2022), and adoption of regular physical 
exercise in youth, in addition to promoting improvements 
in body adiposity, contributes to healthy aging (Zouhal et 
al., 2020).  

In general, the literature has shown that physically ac-
tive adolescents have better body composition and higher 
cardiorespiratory fitness, flexibility, muscle strength, and 
endurance compared with insufficiently active peers 
(Mateo-Orcajada et al., 2022). Such evidence can be at-
tributed to a possible dose–response association between 
regular physical activity and improvement in physical 
fitness. Physical activity promotes metabolic adaptations 
that cause greater energy expenditure, lipid oxidation, 
and, consequently, reduction in body fat (García-Hermoso 
et al., 2020; García-Hermoso et al., 2019). Nevertheless, 
it was not possible to confirm reverse causality among the 
investigated variables because of the cross-sectional nature 
of the present study. Therefore, it is recommended that 
physical activity not be limited to physical education clas-
ses, so that adolescents may reap the benefits promoted by 
regular practice. For this, adolescents may engage in 
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sports (Kokko et al., 2019; Lee et al., 2018; Oliveira et 
al., 2017) or combined practice of resistance and aerobic 
exercises (WHO, 2020), as both can contribute to reduc-
ing body adiposity and promoting improvements in health-
related physical fitness. 

Some limitations of this study must be considered, 
such as the lack of objective data obtained with accelerom-
etry to quantify the practice of physical activity performed 
by adolescents, and based on this, identify the frequency, 
duration and intensity of these activities. Another factor to 
be taken into account is the self-assessment of sexual mat-
uration, which increases the risk of bias due to the difficul-
ty that adolescents may have in identifying their matura-
tional state. Furthermore, the results of the prevalence of 
body adiposity did not take into account the maturational 
state of adolescents, a factor that influences body composi-
tion during the development process. However, the rep-
resentative number of adolescents from Florianópolis is a 
strength of this study. Students from all regions of the 
municipality were included in the sample. 

 
Conclusion 
 
Cardiorespiratory fitness and abdominal endurance 

were inversely associated with body adiposity in both 
sexes. Extracurricular activity (in girls) and muscle 
strength and flexibility (in boys) were negatively associat-
ed with body adiposity. These findings indicate the need 
for actions that promote regular physical activity, such as 
by providing appropriate places for sports and school in-
terventions aimed at improving physical fitness and con-
trolling body adiposity.  
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