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Physical activity and physical fitness in children
and their relationship on body fat

FATIMA CHACON-BORREGO
Department Physical Education and Sport, University of Seville, Spain

ABSTRACT

Low levels of physical activity and physical fitness are risk factors of obesity and cardiovascular disease from
childhood to adulthood. According to several studies, inactivity increases with the age of the school students.
In Spain, according to results of the 2018 Report, only 34% of boys and 27% of girls aged 3 to 14 are active.
This study aimed to compare differences between genders in body composition and PA; to analyse the
relationship between the variables studied. Methods: This study used a non-experimental research design.
PAQ-C questionnaire and ALPHA-Fitness tests were used. Descriptive analysis, correlation and linear
regression gave the following results: boys had better scores in PA, and worse in BF percentage. PA in boys
is related to aerobic capacity (r = 0.426, p < .01), BMI and BF (r = -0.368, and -0.323, p < .01 respectively).
BF variability in boys (R? = 0.35) is determined by aerobic capacity (t = -4.161; p < .01) and lower-body
explosive strength (t = -3.832; p < .01). Findings show an association between PA and the elements of PF
studied, and an explanatory model of body fat based on aerobic capacity and lower-body explosive strength
in boys.
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INTRODUCTION

Various national and international institutions and bodies are now concerned about physical activity (PA) and,
therefore it is important to improve physical fithess (PF) in the general population, specifically in children, as
a means of improving health and preventing diseases and pathologies that are largely associated with
inactivity and a sedentary lifestyle (Cureton et al., 2013; Ortega et al., 2008; Ruiz et al., 2011).

The World Health Organization (WHO) (Bull et al., 2020) and Spanish Ministry of Health, Social Services and
Equality (Aragonés et al., 2015) recommend at least 60 minutes per day of moderate to vigorous physical
activity for maintaining an active lifestyle from a young age. Guidelines that give priority to cardiorespiratory
capacity and muscle strength exercises as these two elements are considered significant health markers in
children and teenagers (Ortega et al., 2008).

School is considered an ideal setting for children’s PA promotion (Murillo et al., 2013; Cepero et al., 2011),
where areas such as physical education, school recess and active school commuting can provide multiple
opportunities to meet PA recommendations. However, current research trends highlight a lack of PA based
on these recommendations; with significant differences by gender around the world (Kalman et al., 2015).

According to several studies, inactivity increases with the age of the school students, fundamentally from
secondary education onward (Lee et al., 2015; Roméan-Vifias et al., 2018; Arriscado et al., 2017). In Spain,
according to the results of the 2018 Report (Fundacidn para la investigacion Nutricional, 2018), only 34% of
boys and 27% of girls aged 3 to 14 are active. This PA can predict morbidity and mortality due to
cardiovascular disease and is a decisive factor for longevity and quality of life related to health at all ages
(Ruiz et al., 2011; Casas et al., 2014).

During the pandemic, effects of inactivity are even more evident due to forced reduction in mobility. According
to recent studies (Arévalo et al., 2020; Rundle et al., 2020; Zhu et al., 2021) worsening PF and increasing
body fat (BF) are subsequently increasing cardiovascular and metabolic risk.

PF values in children from a health perspective include cardiorespiratory capacity, strength, muscle
resistance, flexibility, body composition, speed, and agility. By gender, several studies showed how boys had
significantly higher PF levels than girls, especially in the parameters of muscle resistance and strength (He
etal.,2011; Wang etal., 2011). PF also falls with age, more sharply among females, as a result of progressive
reduction in PA (Zhu et al., 2021; Martinez-Martinez et al., 2018; Chacdn-Borrego et al., 2020).

According to research studies detailed below, PA and PF help prevent excess weight and obesity, and also
improve aerobic capacity (AC), in children and adults (Goldfield et al., 2012; Lépez-Sanchez et al., 2016).
This paper aims to respond to the following questions: What is the relationship between PA and PF in school
children aged 10-12?; Is there a predictive effect between both variables and specifically on BF?

The relationship between PA and health variables from a physical perspective has been studied in different
age groups, especially in teenagers. In the scientific literature, the interplay between PA and AC with
cardiometabolic health is less clear. Several studies showed a positive association between physical exercise
and AC, strength, flexibility and body composition.

Studies with children under 13 also show that more active subjects have better PF than those who are inactive
(Arriscado et al., 2017). By gender, fundamentally moderate and vigorous intensity PA (MVPA) has a
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negative association with BF (Ortega et al., 2013), especially in males (Basterfield et al., 2012; Jiménez-
Pavon et al., 2010), protecting against increased weight and fat accumulation (Abril et al., 2013) which also
improves AC and VO2zmax (Arriscado et al., 2017; Brouwer et al., 2013).

Regarding BF, children with better PF are exposed to lower risk of excess BF and improved AC, therefore,
to lower cardiovascular risk during adulthood (Brouwer et al., 2013; Castro-Pifieiro et al., 2009; Casajus et
al., 2012). Even school children with excess weight and obesity but good BF values have a lower
cardiovascular risk than those with low PF (Ortega et al., 2013). Specifically, healthy AC values reduce BF
percentage (Rush et al., 2014). This AC, expressed as maximum oxygen consumption (VO2max) —over 42
mL/kg/min for boys and 35-37 mL/kg/min for girls (Castro-Pifiero et al., 2017) —, is associated with lower risk
of excess weight and obesity, and also with lower metabolic risk (Ortega et al., 2013).

Suitable AC levels during childhood and adolescence are also associated with a healthy cardiovascular
profile during adulthood (Kodama et al., 2009) and better results in other PF parameters such as muscle
strength (Guillamén et al., 2015). In fact, Ruiz et al. (2011) found how better muscle strength values are also
associated with healthier BF values.

Moreover, an unhealthy weight, measured using body mass index (BMI) and BF values, is associated with
poorer performance in lower-body explosive strength (LBES), AC and VO2max tests (Castro-Pifieiro et al.,
2011; Rosa-Guillademon et al., 2015).

However, few studies have analysed the relationships between BF with AC, strength, muscle resistance,
flexibility, body max index (BMI) and/or speed (Liew et al., 2011; Dencker et al., 2011) by gender around the
world. In United States, Liew et al. (2011) found that no significant gender differences were found on BMI
and PF except for boys out-performing girls on physical fitness in primary grade 5. In contrast, in Spain, a
study showed how in girls, BMI acts as a full mediator in the relationship between AC and cardiometabolic
risk factor in schoolchildren (Diez-Fernandez, 2014). Finally, several researchers from Sweden found
significant relationships between BF measurements and AC in both boys and girls (Dencker et al., 2011).
The interplay between these variables in relation to the cardiometabolic risk profile is unclear.

Reviewing existing research on the scope of this study during primary education highlights a lack of studies
analysing the cause-effect relationship between PA and PF by gender, also stressed by Guillamén et al.
(2015). Therefore, the objectives set in the study were: to compare differences between genders in body
composition and PA; to analyse the relationship between the variables studied.

MATERIAL AND METHODS

Study design and Participants
The design of this study is descriptive, correlational, explanatory, cross-sectional and non-experimental
(Hernandez et al., 2014).

Contact and access to certain schools meant that the sample, selected by non-probabilistic incidental
sampling, comprised 146 subjects: 50.7% girls and 49.3% boys, aged from 10 to 12. Year 5 and 6 primary
pupils of 3 public educational centres in the city of Seville (Spain). Exclusion criteria: children with
cardiorespiratory, musculoskeletal or any other pathologies that prevent the practice of physical-sporting
activity.
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The study was conducted according to the guidelines of the Declaration of Helsinki and approved by the
Biomedical Research Ethics Committee of Andalusia (Code 0305-N-19).

Measures

The PAQ-C Physical Activity Questionnaire was used to analyse PA level in children (Manchola-Gonzalez,
2017). Applied to children aged 8 to 14, it assesses PA in the last seven days and classifies them as active
or inactive according to activity levels.

The questionnaire comprises ten items, nine ordinal variables on PA, with a Likert scale of 1-5, and a last
item to assess whether any illness could prevent PA in the last week. For example, item 2. “During physical
education classes, how many times were you active during class: intense playing, running, jumping,
throwing?” (1 = “I did not do PE”, 2 = “Almost never’, 3 = “Sometimes”, 4 = “Often”, 5 = “Always”); item 3. “In
the last seven days, what did you do at break time?” (1 = “Sit down”, 2 = “Stand or walk around”, 3 = “Run or
play a little”, 4 = “Run or play a lot’, 5 = “Run and play intensely all the time”). The general result of the
questionnaire is a score from 1 to 5 obtained as a mean of scores from the first nine items. Assessing PA
results shows Low physical activity (score = 1), Moderate (score = 2-4), and Vigorous (score = 5) that
indicates a higher level of activity (Kowalski et al., 2004). In the study, this instrument has good internal
consistency (a = 0.86), similar to the figure obtained validating the questionnaire (a = 0.83).

The PF variables included in this study are part of the ALPHA-Fitness Battery (Ortega et al., 2013) described
below:

1. Body composition: height with Holtain stadiometer (Holtain Ltd., Dyfed, United Kingdom) with a
precision of 1 mm, recorded in cm. Weight, BMI and BF percentage measured with OMRON BF511
electronic bioimpedance scales. BMI was measured according to the formula: BMI = weight (kg)/
height (m2).

1. To estimate body fat, the standard error of estimate (SEE) of the device is 3.5% (instruction manual,
OMRON BF511, technical data). Measurements were taken according to the manufacturer's
guidelines.

2. Skeletal muscle capacity: standing broad jump test to determine lower-body ex-plosive strength,
consisting in jumping forward with both feet together from standing. Two jumps; the best score was
recorded. A PVC and fiberglass measuring tape was used for this test (Model 74-Y100M,
CST/Berger, Chicago, USA).

3. Aerobic capacity: 20 m shuttle run test. This test consists of running from one line to another 20
meters away, adapting the run to the pace set by an acoustic signal. Speed increases by 0.5 km/h
each minute from an initial speed of 8.5 km/h; each 1-minute period is considered a stage. The test
ends when the pupil fails to reach the 20 m line by the time the signal sounds twice consecutively.
The result recorded is the number of stages completed. Portable audio equipment and a USB stick
with the audio recording were used for this test.

Procedures

Prior to data collection, a meeting was held with school management teams to inform them about the project
and request their authorization. Teachers, families and children were then informed about the tests and the
period during which they would take place. An informative letter was distributed along with an informed
consent form for families; children wanting to participate in the study had to return the informed consent form
signed by their parent or legal guardian as the study involves minors.
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After this process, we collected data using the PAQ-C questionnaire. Moreover, we conducted the ALPHA-
Fitness tests according to the sequence recommended in the instruction manual (Ortega et al., 2013). The
previous battery was assessed during two physical education classes.

Analysis
Firstly, for objective 1, descriptive bivariate analyses were conducted using different tests depending on the
nature of the variables detailed below.

New ordinal and nominal variables were created from quantitative variables, which were analysed with
Pearson’s Chi-Squared test to determine gender differences:

e “BMI Level’ and “BF Level’, created from quantitative variables (“BMI" and “BF”) according to WHO
criteria (World Health Organization, 2006), was analysed to assess obesity based on BMI < 18.5
under-weight; > 18.5 and < 25 normal weight; > 25 and < 30 overweight, and > 30 obesity, and
according to McCarthy et al. (2006), to interpret BF percentage according to sex and age. Four
groups of pupils were created based on whether values were low (value 0), normal (value 1), high
(value 2) or very high (value 3).

o “Activity leverl’, transformation of the quantitative “PA” variable (sum of variables 1-9 on the PAQ-C
questionnaire) into a nominal variable differentiating active pupils (coded with value 0) from inactive
pupils (value 1) according to the cut-off point established by Benitez-Porres et al. (2016). According
to results obtained in the Kolmogorov-Smirnov normality test, mean value of PA was compared
according to the U Mann-Whitney test.

Secondly, regarding study objective 2, Spearman’s rank coefficient correlation was used for analysis. And a
multiple linear regression analysis using the stepwise method, selecting the variable “sex” was used to
identify BF variability according to PA, LBES and AC covariates.

To know the effect size and statistical power of the results obtained, specific post hoc tests were applied for
each type of analysis. The Cohen’s criteria of small, medium, and large effects were used: W = 0.10, 0.30,
0.50;r=0.01,0.30,0.50y f2=0.02, 0.15, 0.35. The statistical power values were from 0.80 (Cohen, 1988).
Data were analysed with IBM SPSS version 26.0 (IBM Corp., Armonk, NY, USA) software for Windows.
RESULTS

The characteristics of the study participants are presented in Table 1.

Table 1. Characteristics of the subjects participating in the study.

n =146 Girls (n =74) Boys (n =72)

Min. Max. Mean (SD) Mean (SD) Mean (SD)

Age 10 12 10.92 (0.71) 10.85 (0.69) 10.96 (0.74)
Weight 26.9 75.7 44.46 (10.03) 43.20 (10.17) 45.75 (9.79)
Height 131 175 149.13 (7.74) 148.28 (8.40) 149.99 (6.95)
BMI 13.6 31.3 19.79 (3.2) 19.44 (3.34) 20.16 (3.03)
BF 8.6 40.3 23.72 (7.08) 23.77 (7.34) 23.67 (6.86)

Note. Variables are expressed as mean value and SD (standard deviation). BMI: body mass index; BF: body fat percentage.
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As the following Table 2. shows, there were no significant gender differences based on healthy and unhealthy
BMI values. Around 95% of girls and boys had a under or normal weight. The over-weight and obesity values
were also very similar between boys and girls, 5.5% and 6.9% respectively.

However, there were differences in the levels of healthy and unhealthy BF as shown in Table 2.; boys had
higher values of overweight and obesity levels than girls (33.3% of boys compared to 14.9% of girls). The
Chi-squared test showed that gender differences in BF had a close to medium effect size (W = 0.254), and
statistical power was slightly below 0.8. The contingency coefficient had a value of 0.227.

Table 2. Children with healthy or unhealthy Body Mass Index (BMI) and Body Fat (BF).

Under and . _ )
normal weight Overweight ~ Obesity  Total X p

BMiLevel S 94.5 4.1 14 100  6.561  .087
Boys 93.1 6.9 0 100

BF Level Girls 75.1 9.5 5.4 100  7.922 .0481
Boys 66.6 25.0 8.3 100

Note. Values expressed in %. Distribution based on BMI and BF values by gender and age. "Effect size, Chi-Squared = 7.922 (3),
Sig. =.048, 1-5=0.73 W= 0.254.

Descriptive PA throughout the week indicated that boys obtained better results than girls (M = 3.21 and M =
2.83). The Mann-Whitney U test between PA and gender showed a Z (137.41) = 4.1180, sig. = 0.001; effect
size large, very close t0 0.8 (d = 0.74), and statistical power values of 1- = 0.96. According to the mean PA
obtained in the PAQ-C, the percentage of active boys was 72.2% and of active girls was 54.1%.

Results obtained in the correlation analysis (Table 3.) showed that in girls PA does not have any correlation
with variables of body composition or PF. BMI and BF are negatively correlated with AC and VOzmax. AC is
positively related to LBES.

Table 3. Correlation analysis between PA, PF and body composition variables.

PA  BMI BF LBES AC VOzmax

PA r 1 -0009  -0023 0.043 0.071 :0.002

BMI 1 0910" 0067  -0.274' 0.771"

Girls BF r 1 0142 -0.283 -0.620"
LBES T 1 0.249 0.131

AC T 1 0.203

PA r 1 -0368"  -0328" 0273 042" 0.123

BMI 1 0.905"  -0.466  -0.570" 0.574"

Boys BF 1 0521"  -0.582" 0.370"
LBES T 1 0.369" 0.187

AC T 1 0.185

Note. r: Spearman's correlation coefficient. *Significant correlation in level .05 (bilateral). **Significant correlation in level .01
(bilateral).
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In boys, PA relates positively with LBES, AC and VOzmax variables, and negatively with BF, and BMI. BMI
and BF variables had a negative correlation of moderate intensity with LBES and AC. Significant results
obtained in the correlation analysis in both girls and boys showed a large effect size with values between .49
and .95, and a statistical power over .80.

A multiple linear regression model was created with BF percentage as the dependent variable and covariates:
PA, AC, LBES.

Results obtained using stepwise regression find the best predictive model for variability of BF in boys (F =
14.68, p < .01) with a Multiple Regression R2 value of 0.375. The values obtained in the Durbin-Watson
(2.090) and VIF (1.055) statistics are considered valid for this type of analysis (Yin, 2020).

Variables included in the equation are AC (t =-4.161; p <.01) and LBES (t =-3.832; p < .01). BF = 45.94 -
1.040 (AC) - 0.126 (LBES).

The results in Table 4. showed that all the indices of significance, statistical power and effect size are
adequate to predict the variability of 37.5% of body fat. No BF regression model was found in girls.

Table 4. Regression model for the dependent variable “Body Fat” in boys. Effect size values.

F R2 AR2 B Std. error B p 1-8 f2
MODEL  20.717 (2.69) 0.375 0.357 001 0.994 0.587
AC -1.040 0.250 -0.407  .001
LBES -0.126 0.033 -0.375  .001

Note. Variables AC: Aerobic capacity, and LBES: lower-body explosive strength.
DISCUSSION

Considering results related to the first objective “to compare differences between genders in body
composition variables, and PA”: results for anthropometric variables in the PF health model, school children
from the south of Spain (Seville) showed BMI values with little difference between sexes (M = 19.4 in girls
and M = 20.16 in boys). Similar data were obtained for children in Spain in studies including school pupils
aged 11-12 from the north of Spain (Logrofio) (Arriscado et al., 2017) and children aged 8-12 from the
southeast, Murcia (Guillademon et al., 2015); nevertheless, figures are lower than those obtained from
schools in central Spain, Toledo (Martinez-Martinez et al., 2018). The prevalence of overweight and obesity
is influenced by different factors. Variations are observed in the prevalence of excess weight according to
geographic distribution, social level, ethnic group and educational centres (Amigo et al., 2007). In all studies,
including this paper, most pupils in this age range have normal weight. However, comparing children with
excess weight and obesity based on BMI, lower excess weight and obesity values were found —6.9% in girls
and 5.5% in boys— compared to other studies in children aged 10 to 14 by the National Health Survey (28.1%
and 23.8% respectively) (Aragonés et al., 2015) or the study on children aged 8 to 11 in the Region of Murcia
in which girls with excess weight and obesity accounted for 51.3% of the sample and boys 48.7% (Rosa-
Guillademon et al., 2015). According to the Spanish National Health Survey, in Spain there is a higher
prevalence of obesity in boys than in girls. The fact that the opposite occurs in the present study may be
related to the type of students studied, that it included students who belong to families of low socioeconomic
status. In line with this, the scientific literature has observed a higher dietary intake, especially in more
disadvantaged groups, who, when increasing their income without adequate nutritional education, would
choose to buy foods with high energy density, which would contribute to the weight gain (Flood et al., 2006).
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Difference between genders in PA in girls and boys throughout the week (2.83 in girls and 3.22 in boys) was
similar to other studies using the PAQ-C questionnaire to determine PA levels, such as Lee et al. (Lee et al.,
2015) (M =241 and M = 2.62, respectively) and Arriscado et al. (2015) in children from the north of Spain
aged 11-12 where girls have a score of 2.08 and boys 3.2. However, percentages of active school pupils are
higher (54.1 girls and 72.2 boys), and also higher than those obtained in research studies including the 10-
12 age group such as the Health Study of Catalonia on children aged 3 to 14 (Generalitat de Catalunya,
2016) —26.9% girls and 34.2% boys—, or the ANIBES Study (Ruiz et al., 2015) in children aged 9 to 12 in
which 38% and 61% are active, respectively. These differences may be justified by the use of different
instruments to measure PA: PAQ-C questionnaire (Arriscado et al., 2015), accelerometry (Ruiz et al., 2015)
or non-validated questionnaires (Generalitat de Catalunya, 2016).

Regarding the second objective of this study “to analyse the relationship between the variables studied”,
correlation analysis indicated that higher PA values are associated with better PF results in AC, VO 2max and
LBES parameters. This PA-PF relationship has been verified in prior research in both Spain (Flood et al.,
2006) and the Asian population in other countries (He et al., 2011). A negative PA-BF percentage association
was obtained, as in research using objective methods to determine PA (Ekelund et al., 2004; Chaput et al.,
2012). However, when comparing with other studies using PAQ-C as a qualitative method to determine PA,
results are not unanimous. Some do report an association between both variables such as research
conducted among Asian children aged 7-12; similar findings were obtained in this study between PA and BMI
(Lee et al., 2015) and others, such as Arriscado et al. (2015) in children from the north of Spain, found no
relationship between PA and BF. Different body composition and physical-health condition parameters are
correlated: BMI has a negative relationship with LBES, AC and VO2max variables, and the negative
relationship between BF percentage and LBES and AC is greater, which coincides with results among
children in the Region of Murcia (Guillamén et al., 2015). AC is also a determining factor in LBES and BF so
that higher values in this capacity and in VO2max are related to higher strength and BF values, matching
studies such as Helena (Moliner-Urdiales et al., 2011), AVENA (Ortega et al., 2013), and in 298 children
aged 8-12 in the Region of Murcia (Guillamén et al., 2015).

Regression analysis results showed that BF variability in boys is essentially determined by AC values and,
to a lesser extent, by LBES. This influence was not found in girls, so perhaps, other variables could influence
this result. We think that it could be due to the existence of genetic predisposition and other environmental
and biological factors (e.g., the existence of differences in the food between boys and girls), which could
influence the interplay among the previous variables. PA cannot be used to predict BF in this study unlike a
study on 1,292 children aged 9-10 in four regions of Europe (Ekelund et al., 2004), which did find a
relationship —albeit weak— between MVPA and BF, and also a study among 1,971 subjects aged 7-12 in
Malaysia, in which the PA obtained objectively and subjectively caused variations in BF of 2.4% (Lee et al.,
2015). An analysis of prior research confirms the lack of explanatory studies in recent years on the 10-12
age range. Knowledge on the impact some parameters have on others could therefore be improved, as well
as experimental or quasi-experimental research such as the study on obese teenager school pupils that
verified, after eight months of intervention with activities of different intensities, that only high-intensity
activities improve AC and that MVPA affects adiposity (Gutin et al., 2002).

CONCLUSIONS
Boys have higher levels of unhealthy BF than girls. Greater PA in boys is related to better AC, LBES and BF

values and, on the contrary, higher BF and BMI in both genders are associated with poorer AC, VO2max. In
boys higher BF is also related to lower LBES values. BF variability in boys can be explained by changes in
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AC and LBES. No explanatory model was found for body fat in girls. Future studies should: aim to expand
research on the variables analysed during primary and preschool education; include other variables such as
diet; and multivariant studies should be conducted in order to establish explanatory models related to PF and
PA.
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