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Resumen
Introducción: basado en la presumible relación entre la actividad física y la condición física, parece razonable esperar que ser activo físicamente 
resulte en niveles suficientes de condición física. Sin embargo, la relación entre la actividad física y la forma física no es tan plausible y necesita 
una exploración más profunda.

Objetivos: realizamos un estudio con el objetivo de explorar: a) la variación potencial en el nivel de actividad física en función del género y el 
grado escolar; y b) el efecto del nivel de actividad física, el género y el estado nutricional en el resultado de las pruebas de condición física.

Métodos: un total de 2795 hombres y 2614 mujeres participaron en el estudio (11-14 años). Su condición física se evaluó midiendo el estado 
antropométrico, la aptitud muscular, la resistencia, la flexibilidad, la agilidad y la aptitud cardiorrespiratoria, mientras que la actividad física se 
evaluó mediante el Cuestionario de Actividad Física (PAQ-A).

Resultados: un mayor porcentaje de niños eran muy activos, mientras que un mayor porcentaje de niñas eran poco activas (χ2  
[2, n = 5017] = 151,4, p < 0,01). La disminución de la actividad física con el incremento de la edad fue mayor en las niñas que en los niños 
(χ2 [6, n = 5409] = 90,4, p < 0,01). El MANOVA reveló un efecto significativo del género (V = 0.009, F [6, 3669] = 5.29, p < 0.01), el estado 
nutricional (V = 0.193, F [12, 7340] = 65.16, p < 0.01) y los niveles de actividad física (V = 0.043, F [12, 7340] = 13.60, p < 0.01) en los 
resultados de las pruebas.

Conclusiones: nuestro estudio ha demostrado que el nivel de actividad física en los escolares serbios disminuye con la edad y se ve afectado 
por el estado nutricional. El estado nutricional representa un factor significativo que confunde las puntuaciones de condición física, indepen-
dientemente de los niveles de actividad.

Palabras clave:

Condición física. Escolares. 
Actividad física. Estado 
nutricional. Sobrepeso.

Abstract
Introduction: based on the presumed relationship between physical activity and physical fitness, it seems reasonable to expect that being 
active would result in sufficient fitness levels. However, the relationship between physical activity and fitness is not so plausible and needs 
deeper exploration.

Objectives: we conducted a study aimed at exploring: a) the potential variation in physical activity level by gender and school grade; and b) the 
effect of physical activity level, gender, and nutritional status on physical fitness test results.

Methods: a total of 2795 males and 2614 females participated in the study (11-14 years). Their physical fitness was assessed by measuring 
anthropometric status, muscular fitness, endurance, flexibility, agility, and cardiorespiratory fitness, while their physical activity was assessed 
using the Physical Activity Questionnaire (PAQ-A).

Results: a higher percentage of boys were highly active, while a higher percentage of girls were scarcely active (χ2 [2, n = 5017] = 151.4, p < 0.01). 
Decline in physical activity with age was higher in girls than in boys (χ2 [6, n = 5409] = 90.4, p < 0.01). MANOVA revealed a significant effect 
of gender (V = 0.009, F [6, 3669] = 5.29, p < 0.01), nutritional status (V = 0.193, F [12, 7340] = 65.16, p < 0.01) and physical activity levels 
(V = 0.043, F [12, 7340] = 13.60, p < 0.01) on tests outcomes.

Conclusions: our study has shown that activity level in Serbian schoolchildren declines with age and is affected by nutritional status. Nutritional 
status represents a significant factor confounding physical fitness scores, regardless of activity levels.
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Physical activity. Nutritional 
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INTRODUCTION

It is well known that being physically active at a young age has 
a myriad of benefits (1), where reduction of risk of chronic diseas-
es in later years is particularly important  (2). Since physical fit-
ness presents a measurable set of characteristics of an individual 
closely related to its ability to perform physical activity, it is not sur-
prising that a growing body of evidence indicates that low levels 
of physical fitness in schoolchildren are associated with increased 
risk of cardio-metabolic diseases, all-cause mortality, and a va-
riety of physiological and psychological problems (3). Therefore, 
identifying individuals with low levels of physical fitness and fore-
hand intervention through their engagement in physical activities 
could be an effective protective measure for health risk factors re-
gardless of age, gender, ethnicity, and socioeconomic factors (4).

Although there is no unified approach in the selection of physi-
cal fitness tests, how frequently they should be conducted, or how 
should the standards be constructed, there is general agreement 
that regular monitoring of physical fitness contributes to the for-
mation of age- and gender-related norms, education of children 
and parents regarding the importance of being fit and prescrip-
tion and evaluation of individual exercise programs (5). Moreo-
ver, when incorporated and systematically conducted within the 
education system through physical education (PE) classes, it be-
comes a powerful tool in building national/international strategies 
for a healthy population (6).

Measurement of activity amount and intensity is conducted 
mainly through indirect or direct assessment of energy con-
sumption  (7).  Even though direct measurements (i.e., activity 
monitors, pedometers, heart rate monitors, doubly labeled water, 
and indirect calorimetry), offers more accurate data regarding 
the amount of physical activity (8), due to high expenses, limit-
ed ability to collect data over wider periods of time, and usually 
small samples available for these types of measurements, vali-
dated questionaries are more suitable for the collection of data 
on the larger scale. It has been shown that the Physical Activity 
Questionnaire developed for children (PAQ-C) and adolescents 
(PAQ-A) enables reliable assessment of the type, frequency, and 
duration of children’s physical activity (9).

Based on the presumed close relationship between physical 
activity and physical fitness, it seems reasonable to expect that 
being physically active would result in sufficient physical fitness 
levels. However, due to the tremendous number of factors affect-
ing both constructs, the relationship between physical activity and 
fitness is not so plausible and needs deeper exploration (10). Sur-
prisingly, a literature review on this issue in the school-age popu-
lation shows a lack of publications addressing this topic.

An additional issue that makes it difficult to generalize the re-
lationship between physical activity and fitness in schoolchildren 
is the diversity of activities involved, in both qualitative and quan-
titative manner. Namely, the sport-related organized activities 
available for schoolchildren, widely vary in frequency, duration, 
and intensity and therefore in metabolic costs (12). Furthermore, 
engagement in specific sports could favor only particular com-
ponents of physical fitness  (13).  Finally, age and other factors 

(i.e., social, economic, demographic, cultural) could also affect 
the relationship between physical activity and fitness in school-
children (14), making it challenging to explore and explain.

Having all these in mind, we performed a study aimed to ex-
plore: a) the potential variation in physical activity level across the 
gender, school grade, and nutritional status; and b) the effects of 
physical activity levels, gender, and nutritional status on physi-
cal fitness test outcomes. We hypothesized that the activity of 
schoolchildren will decline with age and nutritional status and 
that physically active children will achieve better scores in all 
physical fitness tests, regardless of nutritional status. We expect 
that our findings will provide some new insights toward under-
standing the factors which affect the relationship between phys-
ical fitness, activity, and nutritional status in schoolchildren and 
motivate further research on this topic.

MATERIAL AND METHODS

SUBJECTS

Within a wider national study, 5409 (2795 male and 2614 fe-
male) participants, 5th-8th grade (11-14 years old) students 
of 19 elementary schools from the Belgrade region, participated in 
the study. In terms of age distribution, there were 1438 (26.6 %) 
students in fifth grade, 1363 (25.2 %) in sixth, 1298 (24.0 %) 
in seventh, and 1310 (24.2 %) students in eighth grade. During 
the study, all participants were healthy and regularly participat-
ed in physical education classes. The parents or legal guardians 
gave their written consent for all participants. The study protocol 
adhered to the tenets of the Declaration of Helsinki, and the Eth-
ical Committee of the School of Medicine, University of Belgrade, 
approved it (2650/IV-5, dated 10 April 2018).

MEASUREMENTS AND TESTING

Physical Activity Questionnaire for Adolescents

To assess the physical activity  (PA)  level of subjects we ad-
ministered the Physical Activity Questionnaire for Adolescents 
(PAQ-A) (15). The PAQ-A is an 8-item, self-administered 7-day 
recall questionnaire designed and validated to assess the partic-
ipation of adolescents in different physical activities during the 
school year and is not used for assessment of physical activity 
during school breaks. Each item has a joint 5-point Likert-type 
scale. We used the Serbian version of the PAQ-A  (38).  On 
item 1 (spare time activity), the respondents assess the mean of 
all activities on the scale ranging between 1 (“no”) to 5 (“7 times 
or more”). On items 2 to 7 (physical education, lunch, right after 
school, evenings, weekends), the scale ranges from 1 (lowest ac-
tivity response) to 5 (highest activity response). Item 8 targets the 
mean of all days, and the scale ranges from 1 (“none”) to 5 (“very 
often”). The last item, no. 9, is used to identify if the student had 
unusual activity during the previous week or was prevented from 
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practicing physical activities. The overall PAQ-A score is derived 
from the first 8 items, while the last item is not included in the 
overall score. The internal consistency obtained here is 0.72 and 
is in line with previously reported data (9). Based on their overall 
scores, subjects were further classified into three groups (Low, 
Moderate and High Activity) using a K-means cluster analysis.

Anthropometric measurements

Body height was measured using a Seca  208  stadiometer 
(Seca Instruments Ltd., Hamburg, Germany). During the meas-
urement, the subjects were barefoot, wearing only physical edu-
cation garments. The subjects’ task was to straighten their back 
as much as possible, put their heels together, and keeping their 
heads in the Frankfurt plane position. The results were read on 
a scale of a stadiometer headpiece with an accuracy of 0.1 cm.

Body mass was measured to the nearest 0.1 kg using the 
pre-calibrated weighing scale (Tanita Inner Scan Model BC-532, 
Tanita Europe GmbH., Sindelfingen, Germany). The scale was 
placed on a solid horizontal surface. The subjects were barefoot, 
wearing only physical education clothing. During the measure-
ment, they were standing in an upright position in the center of 
the scale, looking straight ahead and remaining motionless until 
the measurement was completed. The readings were shown on 
the scale display and read by an examiner.

Body mass index (BMI) was calculated by dividing body mass 
in kilograms by body height in square meters (kg/m2). The clas-
sification of children on those being overweight or with obesity, 
was performed based on the approach developed by the Child-
hood Obesity Working Group of the International Obesity Task 
Force. Based on provided international gender and age-specif-
ic BMI cut-off points for children (16), those whose BMI corre-
sponded to an adult BMI between 25 and 30 were considered 
as overweight, and children with a BMI corresponding to an adult 
BMI of ≥ 30 were categorized as obese.

Physical fitness testing

Evaluation of the health-related physical fitness was done using 
a battery of tests consisting of tests for flexibility, muscular strength 
(abdominal endurance strength, lower limb explosive strength, 
and upper body strength and endurance), speed of movement, 
agility and coordination, and cardiovascular endurance.

To assess flexibility we used the Sit and Reach test. The sub-
ject was seated on the floor with both legs fully extended, shoul-
der-width apart, and feet placed flat against the box. The task 
was to slowly reach forward (without jerking), sliding the hands 
across the top of the ruler, and hold the final position for at least 
two seconds. A reach distance of 15 cm on the ruler correspond-
ed with the position of the feet against the box. The better record 
(in cm) in two attempts was recorded (6).

To assess abdominal endurance strength we used the Sit-ups 
test. The subjects lied down in the supine position on a mat with 

their knees bent at 90 degrees and their feet flat on the floor, held 
down by the examiner. The hands were placed at the back of the 
head, with fingers interlocked. On the mark “Go!” the subject had 
to contact the knees with their elbows and return to the starting 
position as many times as possible in 30 s. The total number of 
repetitions completed in 30 s was recorded (6).

To evaluate lower-limb explosive strength we used the Standing 
Long Jump test. The subject stood behind the starting line and was 
instructed to push off vigorously and jump as far as possible. They 
had to land with the feet together and to stay in reached position, 
without falling. The distance was measured from the take-off line 
to the point where the back of the heel nearest to the take-off line 
lands on the floor. A further attempt was allowed if the subject fell 
or touched the floor with any other part of the body. The best re-
cord, measured in centimeters, in two attempts was recorded (6).

To evaluate upper-body muscle strength and endurance we 
used the Flexed (Bent) Arm Hang test, by timing how long some-
one can remain with the chin above a horizontal bar. The subject 
is assisted into position, the body lifted to a height so that the 
chin is level with the horizontal bar. The bar is grasped using 
an overhand grip with the hands shoulder width apart. The tim-
ing starts when the subject is released. They should attempt to 
hold this position for as long as possible. Timing stops when the 
person’s chin falls below the level of the bar, or the head is tilted 
backward to enable the chin to stay level with the bar (6).

The test 4 x 10 m Shuttle Run test was used to measure speed 
of movement, agility, and coordination. Two parallel lines are 
drawn on the floor (with tape) 10 m apart. In the start line there 
is one sponge (B) and in the opposite line there are two sponges 
(A, C). When the start is given, the child (without sponge) runs 
as fast as possible to the other line and returns to the starting 
line with the sponge (A), crossing both lines with both feet. The 
sponge (A) is changed by the sponge B in starting line. Then go 
back running as fast as possible to the opposite line and change 
the sponge B by the C one and run back to the starting line (6).

To assess cardiovascular endurance we used 20-meter 
Shuttle Run test. All subjects were required to run between two 
lines 20 m apart with the time indicated with an audio signal. 
The initial speed of the signal was 8.5 km/h and was increased 
by 0.5 km/h/min (1 min equal to 1 stage). The test ended when 
subject stopped running due to fatigue or failed to reach the line 
before the next signal for two consecutive times. The time of the 
last completed lap was recorded, in seconds (6).

STATISTICS

Descriptive statistics (mean, SD, range) were calculated for all 
variables across genders and school grades. Before performing 
statistical analysis, all variables were checked for normality. In 
cases where necessary, an adequate transformation has been 
applied. However, for the final interpretation of the results, the 
data were back-transformed.

The chi-square test was performed to explore potential varia-
tions in the distribution of differently active children concerning 
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age, school grade, and nutritional status. Differences in physical 
fitness test outcomes (Standing Long Jump test, sit-ups for 30 s, 
20-meter Shuttle Run, Sit And Reach,  4  x  10  agility test, and 
hanging bent arms) between boys and girls of different activity 
levels (low, moderate, and high) were investigated using the three-
way MANOVA with fitness test outcomes as dependent variables 
and gender, nutritional status, and activity levels as independent 
variables, followed by ANOVA and Bonferroni correction. All sta-
tistical analyses, except the LMS method, were performed using 
JASP computer software (Version 0.14.1). Statistical significance 
was set for all tests at the alpha level of 0.05. Please note that for 
each school grade and gender, individual fitness tests outcomes 
were converted to Z-values and then further to percentiles us-
ing the LMS statistical method (44). Calculation of Z-values and 
power transformation (calculating lambda-Box Cox transforma-
tion parameter by maximizing the profile log-likelihood of a linear 
model fitted to the corresponding variable) was applied using R 
with RStudio (17) and the “Forecast” package (18).

RESULTS

Descriptive statistics for all variables are presented in ta-
ble  I. The distribution of children of different activity levels 
across nutritional statuses, school grades, and genders are 
presented in figure 1. The distribution of high, moderate, and 
low activity children among boys and girls was different (χ2  

[2, n = 5017] = 151.4, p < 0.01), where 14 % of boys and 22 % 
of girls were low-activity, while 29 % of boys and 16 % of girls 
were highly active.

The distribution also varied across grades (χ2 [6, n = 5409] 
= 90.4, p < 0.01)— whereas the percentage of high activity was 
highest in 5th grade (27 %) and lowest in 8th grade (19 %), the per-
centage of low activity was lowest in 5th grade (13 %) and highest 
in 8th grade (25 %), being more prominent in girls (14 % with low 
activity in 5th and 33 % in 8th grade; 23 % highly active in 5th and 

9 % in 8th grade) than in boys (12 % with low activity in 5th and 
18 % in 8th grade; 30 % highly active in 5th and 27 % in 8th grade).

Using Pillai’s trace in MANOVA, there was a significant effect 
of gender (V = 0.009, F [6, 3669] = 5.29, p < 0.01), nutritional 
status (V = 0.193, F [12, 7340] = 65.16, p < 0.01) and phys-

Figure 1. 

Distribution of low, moderate, and high activity in boys and girls across grades and 
relative to their nutritional status.

Table I. Descriptive statistics of applied physical fitness tests (mean [standard deviation] 
and range [minimum-maximum])

Male Female

Variable Mean (SD) Min-max Mean (SD) Min-max

Body height (m) 1.61 (0.11) 1.27-1.93 1.59 (0.09) 1.15-1.90

Body mass (kg) 53 (14) 16-119 51 (12) 22-111

BMI (kg/m2) 20.2 (3.7) 11-39 19.9 (3.5) 13-39

Sit and Reach (cm) 23 (6) 2-53 21 (7) 1-53

Standing Long Jump (cm) 146 (25) 50-225 155 (27) 50-255

Situps 30 s (No.) 20 (5) 2-35 22 (5) 1-40

Flexed Arms Hang (s) 21 (19) 0.00-123 26 (23) 0.00-127

4 x 10 Shuttle Run (s) 13.25 (1.38) 9.00-23.00 12.79 (1.44) 9.00-23.00

20-meter Shuttle Run (s) 206 (92) 40-600 235 (109) 30-716
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ical activity levels (V = 0.043, F [12, 7340] = 13.60, p < 0.01) 
on physical fitness test outcomes, with no interactions among 
them. Further separate univariate ANOVAs revealed significant 
treatment effects of nutritional status and activity levels on all 
dependent variables (except for activity levels on Sit And Reach), 
while a significant effect of gender was only detected on sit-ups 
for 30 s (Table II).

Finally, a post hoc analysis indicated that children with higher 
activity levels and optimal weight achieved better scores in al-
most all physical performance tests, while being overweight or 
obese had the highest effect on the tested outcomes (Fig. 2).

DISCUSSION

The study aimed to explore the potential variation in physical 
activity level across the genders, school grades, and nutrition-
al statuses, and the effect of physical activity level, gender, and 
nutritional status on physical fitness test outcomes. Our results 
revealed that activity level declines with age and nutritional sta-
tus, particularly in girls and children with obesity. Specifically, the 
decline in physical activity in boys was present due to a decline 
in boys with overweight and particularly with obesity, while the 
proportion of activity levels in optimal-weight children was stable 
across the school grades. However, in girls the fall in physical 
activity was recorded regardless of nutritional status. In addi-
tion, physically active, optimal-weight children achieved higher 
scores in most physical fitness tests, while children with obesity 
achieved lower scores regardless of their physical activity levels 
relative to nutritional status.

Due to its apparent importance for health status, schoolchil-
dren’s physical activity and fitness have attracted interest from 
researchers and practitioners for decades  (1).  Although differ-
ences in physical activity assessment methodology, variation in 
age groups covered, and sample size make comparing the out-
comes difficult, most studies have registered a decline in physi-
cal activity with age, and boys are more active than girls (19). In 
addition, in their systematic review, Jiménez-Pavón and cowork-

ers (20) reported that consistent negative associations between 
physical activity and nutritional status were observed. Therefore, 
it is not surprising that findings in our study revealed that the 
Serbian older schoolchildren, particularly girls, are less active 
than their younger counterparts. This trend is most prominent in 
children with overweight and obesity.

The main findings of our study are: a) with respect to physi-
cal activity and nutritional status, boys and girls scored similarly 
in all tests; b) nutritional status had the highest impact on the 
physical fitness tests (except for Sit And Reach test), whereas c) 
even highly active children with overweight and obesity scored 
lower than scarcely active, optimal-weight children. The first one 
was expected since we used relative data (percentiles) for com-
parison, keeping in mind that the structure of physical fitness is 
invariant over gender and age (21). However, previous studies ex-
ploring gender differences in physical fitness, using mainly abso-
lute values, have reported higher scores in boys than girls, except 
for the Sit And Reach test (22,23). The findings regarding the 
effect of nutritional status on physical performance tests revealed 
that for both boys and girls, in tests of muscle fitness, agility, and 
cardiorespiratory fitness, optimal-weight children achieved high-
er scores than children with overweight or obesity. These findings 
are also in line with studies from other countries (24-27).

The most important finding of our study is that in all tests (ex-
cept for Sit And Reach) highly active, but overweight and particu-
larly obese children have achieved lower scores when compared 
to little active, optimal-weight counterparts. Previous studies in-
vestigating the relationship between fitness and nutritional status 
reported that more active children were likely to be relatively fit 
and lean  (50)  and that their performance on fitness tests was 
positively associated with organized physical activities, but not 
with their participation in non-organized physical play outside 
school  (28).  Furthermore, fitness was a stronger correlate and 
could better predict obesity than physical activity (26), while the 
nutritional status of boys and girls was inversely related to fitness 
and activity  (29). However, a study on eight- and nine-year-old 
schoolchildren reported that daily physical activity and participat-
ing in organized sports activities strongly correlated with nutritional 

Table II. Main effects obtained through ANOVAs (F and corresponding p values),  
and effect size measures (η², eta squared) for applied physical fitness tests

Gender Activity Nutritional status

Variable F (1, 3674) p η² F (2, 3674) p η² F (2, 3674) p η²

Sit and Reach 0.46 0.499 0.000 2.28 0.103 0.001 0.67 0.513 0.000

Standing Long Jump 0.97 0.324 0.004 8.78 < 0.001 0.004 141.22 < 0.001 0.057

Situps in 30 s 12.75 < 0.001 0.003 15.46 < 0.001 0.006 77.61 < 0.001 0.032

Flexed Arm Hang 0.16 0.692 0.000 1.78 0.17 0.000 240.58 < 0.001 0.099

Shuttle Run 2.61 0.107 0.000 16.33 < 0.001 0.007 124.94 < 0.001 0.055

4 x 10 Shuttle Run 1.92 0.166 0.000 10.57 < 0.001 0.005 93.14 < 0.001 0.040
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status and positively associated with children’s physical fitness. It 
should be noted that although these studies contributed to a bet-
ter understanding of the relationship between activity, nutritional 
status, and fitness, the differences in their sample size, age group 
observed, and methodologies applied do not allow generalization 
of the presented findings. In addition, the interaction between 
nutritional status and activity and their effect on physical fitness 
scores has attracted less attention. Therefore, results those high 
active children with overweight and particularly obesity achieve 
lower scores than low active, optimal-weight children deserve fur-
ther attention and question the traditional approach of assessing 
muscular and cardiorespiratory fitness. Namely, it is well known 
that the outcome of muscle strength and power tests, as well 
as tests of cardiorespiratory fitness, are confounded with body 
dimensions (30-33), whereas most of the test batteries assess-
ing physical fitness in schoolchildren consist of tasks resulting in 
scores that do not account for body size. Consequently, children 
with higher body mass could be penalized because the tests men-
tioned above consist of tasks where they must perform more work 
to achieve equal outputs than their optimal-weight counterparts.

When interpreting our results, certain limitations should be 
taken into consideration. Firstly, physical activity was assessed 
using a questionnaire and providing a summary activity score, 
without caloric expenditure or specific frequency, time, and in-
tensity information. Thus, not being able to directly assess activity 
levels could have an impact on the current findings. However, 
it has been proved that PAQ-A represent the valid and reliable 
measure of general physical activity levels when applied on a 
large-scale sample in school settings (15,34). Another limitation 
originates from the study’s cross-sectional design, not allowing 
us to draw any conclusions regarding developmental trends or 
causal relationships. Nevertheless, the large sample size, the 
methods of study sample selection, as well as the standardized 
protocols and the qualified measurers guarantee the validity 
and usability of the revealed data. With this in mind, we believe 
that the findings presented here are a valuable contribution to a 
better understanding of the interplay between children’s phys-
ical fitness, activity, and nutritional status, and the attempts to 
emphasize the importance of monitoring physical fitness at an 
early stage when prevention measures could be more effective 
in suppressing health risk problems.

CONCLUSION

Our study has shown that activity level in Serbian schoolchil-
dren, particularly girls, declines with age, and that this decline is 
affected by nutritional status. In addition, nutritional status rep-
resents a significant factor confounding physical fitness scores, 
regardless of activity levels. Future studies with data regarding 
caloric expenditure or specific frequency, time, and intensity 
information measurement, as well as controlling other poten-
tial contributing factors (i.e., diet, genetic predisposition, envi-
ronment), should elucidate the complex relationship of physical 
activity with fitness and nutritional status.

Figure 2. 

Test outcomes (percentiles) for boys and girls (mean [SE]), averaged across school 
grades and relative to nutritional status.
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WHAT DOES THIS ARTICLE ADD?

This is the first study exploring: a) variations in Serbian school-
children’s physical activity with age and nutritional status; and b) 
physical activity and nutritional status on physical fitness scores. 
It provides evidence that, like in other countries, physical activ-
ity in Serbian schoolchildren declines with age. In addition, the 
findings that nutritional status has a stronger influence on phys-
ical fitness scores than physical activity, pose essential ques-
tions. Namely, the traditional approach when assessing muscular 
fitness and aerobic capacity tests in school settings does not 
account for body size. Therefore, children with overweight and 
obesity due to higher body mass, could be penalized in these 
tests since they have to do more work to achieve an equal output 
than their optimal-weight counterparts. Potential clarification of 
this issue could be considering reevaluation of the current ap-
proach in the assessment of physical fitness by introducing body 
size-independent physical fitness tests.

REFERENCES

1. Janssen I, LeBlanc AG. Systematic review of the health benefits of physical 
activity and fitness in school-aged children and youth [Internet]. Vol. 7, Inter-
national Journal of Behavioral Nutrition and Physical Activity. Int J Behav Nutr 
Phys Act 2010;7:40. DOI: 10.1186/1479-5868-7-40

2. Haskell WL, Blair SN, Hill JO. Physical activity: Health outcomes and impor-
tance for public health policy. Prev Med 2009;49(4):280-2. DOI: 10.1016/j.
ypmed.2009.05.002

3. Tremblay MS, LeBlanc AG, Kho ME, Saunders TJ, Larouche R, Colley RC, 
et al. Systematic review of sedentary behaviour and health indicators in 
school-aged children and youth. Int J Behav Nutr Phys Act 2011;8:98. DOI: 
10.1186/1479-5868-8-98

4. Ruiz JR, Castro-Piñero J, Artero EG, Ortega FB, Sjöström M, Suni J, et al. 
Predictive validity of health-related fitness in youth: A systematic review. 
Br J Sports Med 2009;43(12):909-23. DOI: 10.1136/bjsm.2008.056499

5. España-Romero V, Artero EG, Jimenez-Pavón D, Cuenca-Garcia M, Ortega 
FB, Castro-Piñero J, et al. Assessing health-related fitness tests in the school 
setting: Reliability, feasibility and safety; The ALPHA study. Int J Sports Med 
2010;31(7):490-7. DOI: 10.1055/s-0030-1251990

6. Milanovic I, Radisavljevic-Janic S, Zivkovic MZ, Mirkov DM. Health-related 
physical fitness levels and prevalence of obesity in Serbian elementary 
schoolchildren. Nutr Hosp 2019;36(2):253-60. DOI: 10.20960/nh.2041

7. Dishman RK, Washburn RA, Schoeller DA. Measurement of physical activity. 
Quest 2001;53(3):295-309.

8. Booth M. Assessment of physical activity: An international perspective. Res 
Q Exerc Sport 2000;71:114-20. DOI: 10.1080/02701367.2000.11082794

9. Telford A, Salmon J, Jolley D, Crawford D. Reliability and Validity of Physical 
Activity Questionnaires for Children: The Children’s Leisure Activities Study 
Survey (CLASS). Pediatric Exercise Science 2004;16:64-78.

10. Twisk JWR, Kemper HCG, Van Mechelen W. The relationship between physical 
fitness and physical activity during adolescence and cardiovascular disease 
risk factors at adult age. The Amsterdam Growth and Health Longitudinal Study. 
Int J Sports Med 2002;23(Suppl 1):S8-14. DOI: 10.1055/s-2002-28455

11. Boreham C, Twisk J, Neville C, Savage M, Murray L, Gallagher A. Associations 
between physical fitness and activity patterns during adolescence and cardio-
vascular risk factors in young adulthood: The Northern Ireland Young Hearts Pro-
ject. Int J Sports Med 2002;23(Suppl 1):S22-6. DOI: 10.1055/s-2002-28457

12. Butte NF, Watson KB, Ridley K, Zakeri IF, McMurray RG, Pfeiffer KA, et al. 
A youth compendium of physical activities: Activity codes and metabol-
ic intensities. Med Sci Sports Exerc 2018;50(2):246-56. DOI: 10.1249/
MSS.0000000000001430

13. Bendiksen M, Williams CA, Hornstrup T, Clausen H, Kloppenborg J, Shu-
mikhin D, et al. Heart rate response and fitness effects of various types 
of physical education for 8- to 9-year-old schoolchildren. Eur J Sport Sci 
2014;14(8):861-9. DOI: 10.1080/17461391.2014.884168

14. Lampert T, Mensink GBM, Romahn N, Woll A. Körperlich-sportliche Aktivität 
von Kindern und Jugendlichen in Deutschland: Ergebnisse des Kinder- und 
Jugendgesundheitssurveys (KiGGS). Bundesgesundheitsblatt Gesundheits-
forschung Gesundheitsschutz 2007;50(5-6):634-42. DOI: 10.1007/s00103-
007-0224-8

15. Kowalski KC, Crocker PRE, Columbia B, Donen RM. The Physical Activity 
Questionnaire for Older Children (PAQ-C) and Adolescents (PAQ-A) Manual. 
College of Kinesiology University of Saskatchewan, Saskatoon; 2004 [cit-
ed 2021 Apr 12]. Available from: https://www.researchgate.net/publica-
tion/228441462

16. Cole TJ, Lobstein T. Extended international (IOTF) body mass index cut-offs 
for thinness, overweight and obesity. Pediatr Obes 2012;7(4):284-94. DOI: 
10.1111/j.2047-6310.2012.00064.x

17. Team Rs. RStudio: integrated development for R. RStudio, Inc, Boston, MA; 
2020. Available from: http://www.rstudio.com/

18. Hyndman RJ, Khandakar Y. Automatic time series forecasting: The forecast 
package for R. J Stat Softw 2008;27(3):1-22.

19. Riddoch CJ, Andersen LB, Wedderkopp N, Harro M, Klasson-Heggebø L, Sar-
dinha LB, et al. Physical Activity Levels and Patterns of 9- and 15-yr-Old Euro-
pean Children. Med Sci Sports Exerc 2004;36(1):86-92. DOI: 10.1249/01.
MSS.0000106174.43932.92

20. Jiménez-Pavón D, Kelly J, Reilly JJ. Associations between objectively 
measured habitual physical activity and adiposity in children and ado-
lescents: Systematic review. Int J Pediatr Obes 2010;5(1):3-18. DOI: 
10.3109/17477160903067601

21. Marsh HW. The multidimensional structure of physical fitness:Invari-
ance over gender and age. Res Q Exerc Sport 1993;64(3):256-73. DOI: 
10.1080/02701367.1993.10608810

22. Marta CC, Marques MC, Marinho DA, BarbosaTM, Izquierdo M. Physical fit-
ness differences between prepubescent boys and girls. J Strength Cond Res 
2012;26(7):1756-66. DOI: 10.1519/JSC.0b013e31825bb4aa

23. Thomas JR, Nelson JK, Church G. A Developmental Analysis of Gender Differ-
ences in Health Related Physical Fitness. Pediatr Exerc Sci 2016;3(1):28-42. 
DOI: 10.1123/pes.3.1.28

24. Cadenas-Sánchez C, Artero EG, Concha F, Leyton B, Kain J. Características 
antropométricas y nivel de condición física en relación con el estado ponderal 
en niños Chilenos de edad preescolar. Nutr Hosp 2015;32(1):346-53. DOI: 
10.3305/nh.2015.32.1.9092

25. Dong Y, Lau PWC, Dong B, Zou Z, Yang Y, Wen B, et al. Trends in physical 
fitness, growth, and nutritional status of Chinese children and adolescents: a 
retrospective analysis of 1·5 million students from six successive national sur-
veys between 1985 and 2014. Lancet Child Adolesc Health 2019;3(12):871-
80. DOI: 10.1016/S2352-4642(19)30302-5

26. Galaviz KI, Tremblay MS, Colley R, Jáuregui E, López Y Taylor J, Janssen I. 
Associations between physical activity, cardiorespiratory fitness, and obesity 
in Mexican children. Salud Publica Mex 2012;54(5):463-9. DOI: 10.1590/
s0036-36342012000500002

27. Malina R. Physical fitness of children and adolescents in the United 
States: Status and secular change. Med Sport Sci 2007;50:67-90. DOI: 
10.1159/000101076

28. Chen W, Hammond-Bennett A, Hypnar A, Mason S. Health-related physical 
fitness and physical activity in elementary school students. BMC Public Health 
2018;18(1):195. DOI: 10.1186/s12889-018-5107-4

29. Hussey J, Bell C, Bennett K, O’Dwyer J, Gormley J. Relationship between the 
intensity of physical activity, inactivity, cardiorespiratory fitness and body com-
position in 7-10-year-old Dublin children. Br J Sports Med 2007;41(5):311-6. 
DOI: 10.1136/bjsm.2006.032045

30. Nedeljkovic A, Mirkov DM, Kukolj M, Ugarkovic D, Jaric S. Effect of maturation 
on the relationship between physical performance and body size. J Strength 
Cond Res 2007;21(1):245-50. DOI: 10.1519/00124278-200702000-00044

31. Dencker M, Thorsson O, Karlsson MK, Lindén C, Eiberg S, Wollmer P, et al. Gen-
der differences and determinants of aerobic fitness in children aged 8-11 years. 
Eur J Appl Physiol 2007;99(1):19-26. DOI: 10.1007/s00421-006-0310-x

32. Nevill A, Tsiotra G, Tsimeas P, Koutedakis Y. Allometric associations between 
body size, shape, and physical performance of Greek children. Pediatr Exerc 
Sci 2009;21(2):220-32. DOI: 10.1123/pes.21.2.220

33. Werneck AO, Conde J, Coelho-E-Silva MJ, Pereira A, Costa DC, Martinho D, et 
al. Allometric scaling of aerobic fitness outputs in school-aged pubertal girls. 
BMC Pediatr 2019;19(1):96. DOI: 10.1186/s12887-019-1462-2

34. Bervoets L, Van Noten C, Van Roosbroeck S, Hansen D, Van Hoorenbeeck 
K, Verheyen E, et al. Reliability and Validity of the Dutch Physical Activity 
Questionnaires for Children (PAQ-C) and Adolescents (PAQ-A). Arch Public 
Health 2014;72(1):47. DOI: 10.1186/2049-3258-72-47


