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Association of physical activity level with body composition in 12-14 years old children: A pilot
study

12-14 yas araligindaki cocuklarin fiziksel aktivite diizeyi ve viicut kompozisyonu arasindaki
iliski: Pilot ¢alisma
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ABSTRACT

Objective: The prevalence of overweight and obesity among children and adolescents increased dramatically. Reduced regular physical activity (PA) is
considered one of the major factors behind this worldwide epidemic and related health problems. This study aimed to determine the association bet-
ween PA level and body composition components in 12-14 years old girls and boys living in Altindag district, Ankara.

Materials and methods: A total of 234 boys and 224 girls aged 12-14 years participated in this study. PA level was assessed by the Physical Activity
Questionnaire for Children (PAQ-C) and body composition was measured by bioelectric impedance. Two-way ANOVA with Bonferroni post hoc test
and Pearson Correlation Coefficient tests were used in data analysis.

Results: Findings of the study showed that children aged 12 years had higher total PA score than aged 13 and 14 years (p<0.05), showing decreased
PA level with age. Boys had significantly higher total PA score in all age groups than girls (p<0.05). Girls with healthy weight and overweight showed
significantly higher total PA score than girls with obesity. Girls had higher fat mass and body fat percentage than boys in all age groups (p<0.05). Fat
mass was inversely associated with total PA score in all age groups (12 years old r=-0.28; p<0.001, 13 years old r=-0.16; p=0.047, 14 years old
r=-0.21; p=0.007).

Conclusions: PA participation of children declines with age. Reduced PA level is significantly associated with increased fat mass, indicating the impor-
tance of PA in maintaining a healthy weight in this age group.
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Amag: Asin kilo ve obezite prevalansi, cocuk ve ergenler arasinda garpici bir sekilde artmistir. Duzenli fiziksel aktivitenin azalmasi, dinya ¢apindaki bu
salgin ve iligkili saglik sorunlarinin arkasindaki ana faktorlerden biri olarak kabul edilmektedir. Bu ¢alismanin amaci, Ankara’nin Altindag ilcesinde yasa-
yan 12-14 yas arasi ¢ocuklarda fiziksel aktivite dizeyi ile viicut kompozisyonu arasindaki iliskiyi belirlemektir.

Gereg ve Yontemler: Bu arastirmaya, 12-14 yas arasi 224 kiz ve 234 erkek katilmistir. Fiziksel aktivite diizeyi Cocuklar igin Fiziksel Aktivite Anketi (PAQ-
C) ile, viicut kompozisyonu ise biyoelektrik impedans analizi ile belirlenmistir. Veri analizinde iki yonlt varyans analizi, Bonferroni post hoc testi ve Pear-
son korelasyon katsayisi testleri kullaniimistir.

Bulgular: Bu arastirmanin bulgulari, 12 yasindaki ¢ocuklarin fiziksel aktivite puanlarinin, 13 ve 14 yasindakilere gore daha ylksek oldugunu (p<0.05) ve
yasla birlikte fiziksel aktivite dizeyinin azaldigini gdstermistir. Erkeklerin her yas grubunda kizlardan daha yUksek fiziksel aktivite puanina sahip oldugu
gorulmustur (p<0.05). Normal ve fazla kilolu kizlar, obez kizlara gére daha yiiksek fiziksel aktivite puanina sahiptir. Her yas grubu icin, kizlarda yag kut-
lesi, erkeklere gbre daha yiksek bulunmustur (p<0.05). Tim yas gruplarinda yag kutlesi, fiziksel aktivite puani ile negatif korelasyon gostermektedir (12
yas r=-0.28; p<0.001, 13 yas r=-0.16; p=0.047, 14 yas r=-0.21; p=0.007).

Sonug: Fiziksel aktiviteye katilm yas arttikca azalmaktadir. Azalmis fiziksel aktivite diizeyinin yag kutlesi ile iligkili olmasi, fiziksel aktivitenin bu yas gru-
bunda saglikli vicut agirigini korumadaki rolinin dnemini gdstermektedir.

Anahtar Sézciikler: Viicut kompozisyonu, kas kitlesi, yag kitlesi, fiziksel aktivite

INTRODUCTION

A physically active lifestyle has many benefits for health at
all stages of life (1, 2). According to the World Health Orga-
nization, children and adolescents aged 5 through 17 years
should do 60 minutes or more of daily moderate or vigoro-
us-intensity physical activity (PA) (3). Children and adoles-

cents engaging in regular PA are known to have a range of
benefits during childhood including healthy growth, deve-
lopment of the musculoskeletal and cardiorespiratory sys-
tems, and maintenance of energy balance (4). In addition,
PA significantly improves well-being, strength, and flexibi-
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lity in all age groups (5). Also, enhancing PA level in the
early years of life overcomes childhood obesity (6) as well
as helps lay the foundation for a healthy and active life ac-
ross the lifespan (7). On the other hand, epidemiologic data
reports that reduced PA level and increased sedentary be-
havior are associated with many health problems, inclu-
ding type 2 diabetes and cardiovascular diseases in child-
ren and adolescents (8). Furthermore, the prevalence of
overweight and obesity among children and adolescents
aged 5-19 increased dramatically between 1975 and 2016,
from 4% to over 18%, respectively (9).

Reduced regular PA is accepted as one of the major factors
behind the obesity pandemic and related health problems
(10). Although PA declines throughout the lifespan, cross-
sectional and longitudinal studies have suggested that the
decline in PA is greatest during adolescence and that girls
are more inactive than boys at all ages (11). According to the
reports (12), the global prevalence of insufficient PA (80%
of the adolescents) among children and adolescents aged
11-17 years have remained unchanged over the last decade.
In 2016, it was reported that globally more than 81% of ado-
lescents (85% of girls and 78% of boys) were not active eno-
ugh according to a study based on 1.6 million 11-17 years old
adolescents across 146 countries (1) and this case is likely
to cause severe health issues later in life. For instance, be-
ing obese in childhood increases the risk of being obese as
an adolescent and adult as well as the risk of cardio-meta-
bolic diseases. From this point of view, assessing the asso-
ciation between obesity and PA level in this group is of sig-
nificant importance.

Due to its ease of use and standardization, the body mass
index (BMI) is widely used as the standard measurement
proxy for defining anthropometric characteristics in adults
(4). However, it is increasingly clear that BMI is a poor indi-
cator of fat mass (FM) (13) and that the body fat percentage
(BFP) for any given BMI value varies greatly among indivi-
duals based on age, sex, and ethnicity. Furthermore, since a
higher BMI may be associated with increased FM or lean
mass (LM) (14), the association between PA level and BMI is
likely to result in conflicting results. In particular, the cont-
ributions of FM and LM to body weight may vary by age, sex
and maturation status during childhood and adolescence
(15), BMI can comprise a wide range of BFP in children aged
8-12 years. On the other hand, most of the studies investiga-
ting the overweight and obesity in adolescents rely on BMI
(16-18); hence, measurement of other body components,
including FM and LM would enable a proper interpretation
of body composition (BC) that is known to differ according
to the PA level in children and adolescents. Research that
aimed to reveal the association between PA and BC compo-
nents in adolescents reported that adolescents who regu-
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larly engaged in moderate and vigorous-intensity PA had
increased LM and reduced FM (19). A longitudinal study
that followed BC, PA, and stature for 6 years, reported that
habitual PA positively affected the development of LM in
adolescents (20). Despite the current knowledge indicating
the importance of regular PA in childhood and adolescence
in the development of a healthy BC, there is a limited num-
ber of studies investigating this relationship and the age
and gender differences in PA in 12-14 years old girls and
boys in Turkey. Therefore, this study aimed to investigate
the association between PA level and BC components and
age and gender-related differences in PA levels in 12-14 ye-
ars old children in Altindag district, Ankara.

MATERIALS AND METHODS
Participants

A total of 234 boys and 224 girls aged between 12 and 14
were included in this study (mean age: 13.1£0.8 years). Sin-
ce the included students were chosen from the same dist-
rict, Altindag, in Ankara, they were supposed to have simi-
lar socioeconomic status. The students participating in the
study were healthy and not having any regular medical tre-
atment based on self-reported questionnaire. The procedu-
re of the study was explained to the students and their fa-
milies and written informed consent was obtained from the
students and their parents. The study was approved by
Non-interventional Clinical Research Ethics Board of Hacet-
tepe University (Approval number: 2021/07-26).

Assessment of physical activity level

Physical activity level of participants was assessed by the
Physical Activity Questionnaire for Children (PAQ-C) deve-
loped by Kowalski et al. (21). The PAQ-C questionnaire was
originally designed for children aged 8 to 14 and consists of
nine questions structured to discern low (score 1) to high
(score 5) PA during the last seven days and the tenth questi-
on in order to identify children or adolescents who had
unusual activity during the previous week. However, the
last question is not evaluated as a part of the total activity
score. The first question of PAQ-C contains a checklist of 22
common leisure and sports activities as well as two “other”
fill-in choices. The first question is scored as the mean of all
activities by a score from 1 to 5, where 1 indicates low PA,
whereas 5 indicates high PA. The total score of these questi-
ons except the last question is calculated by adding all the
questions’ average scores. The validity and reliability of the
questionnaire were adapted to the Turkish community by
Sert et al. (22). Before the BC measurement, the students
were asked to fill out the questionnaire in the classrooms,
along with two researchers who were always present to
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make sure that all students answered the questions after
they fully understood.

Assessment of body composition

Body composition measurements were performed in the
morning after completion of the PAQ-C in the classrooms.
Participants’ height, body weight and BC were measured by
two experienced examiners according to the standard pro-
cedures. Height was measured with a portable stadiometer
to the nearest of 0.1 cm (Leicester Height Measure Mk II,
Child Growth Foundation) and body weight (BW), FM, fat-
free mass (FFM), and LM was determined without shoes,
socks and heavy clothing by using bioelectric impedance
analyzer to the nearest 0.1 kg (BIA, Tanita TBF-SC330, Ja-

pan). BMI was calculated as weight/height? (kg/m?) and
BMI percentiles were derived from data from the Centers for
Disease Control and Prevention Growth Charts (23). This
formula separates children and adolescents into four diffe-

rent BMI categories, showing BMI<5th percentile as being
underweight, 5t'>BMI<84™ percentile as being healthy we-
ight, 85">BMI<g4™ percentile as being overweight, and
BMIzgs5th percentile as being obese (24).

Statistical analyses

The sample size was calculated using the statistical prog-
ram (25) that showed minimal 380 participants were ne-
eded, considering the population size of Altindag district in
Ankara, %s50 of anticipated frequency of outcome factor in
the population, confidence level of %95, the margin of error
of 5%, and a design effect of 1. All data were checked for
normality by the Kolmogorov—Smirnov test. Descriptive sta-
tistics were calculated as means and standard deviation
(SD) by gender and age. A two-way ANOVA test (gender x
age) was used to analyze the data with Bonferroni post hoc
analysis performed on each pair of groups. Pearson correla-
tion coefficients were computed for total PA score, BMI and
BC components by gender and age. All statistical analysis
was performed using SPSS Statistics for Windows, Version
21.0 (IBM Corp., Armonk, NY, USA). Significance was set at
an alpha level of p< 0.05.

RESULTS

Body composition variables are presented in Table 1. Accor-
ding to the BMI percentile classification, 66.1% of girls and
61.5% of boys had healthy weight, 21.0% of girls and 17.5%
of boys were overweight, 12.9% of girls and 17.9% of boys
were obese and %3 of boys were underweight. There was
no underweight girl (Table 1). Boys had significantly higher
total PA score (PAS) at all age groups than girls (p<o.o5; Fi-
gure 1). Total PAS was higher in boys and girls aged 12,
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compared to those of 13 and 14 years old (p<o.05; Figure 1),
showing decreased PA level with age.

50- W 12 age 13 age L[J 14 age

Total Physical Activity Score

- &
S e
Girls Boys Girls Boys Girls Boys

Figure 1. Total physical activity score by age and
gender

*p<0.05, Significant difference between genders at all age groups. ** p<0.05, In both genders,
the age of 12 Is significantly different from the ages of both 13 and 14 years.

Concerning all of the participants, total PAS was similar by
bodyweight categories defined as healthy weight, overwe-
ight and obese (p>0.05; Figure 2). Boys with healthy weight
and obesity had higher total PAS compared to girls with the
corresponding weight categories (p<0.05), while no gender
difference was found in overweight groups (p>0.05; Figure
2). Girls with healthy weight (Total PAS= 22.09 * 5.56;
p=0.050) and overweight (Total PAS= 22.97 + 4.83; p=0.019)
had higher total PAS compared to girls with obesity (Total
PAS= 19.48 + 4.82; Figure 2). No difference was found in the
PAS of boys by the bodyweight categories (p>0.05; Figure
2).
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Figure 2. Total PAS by the BMI classification and
gender ("p<0.05)

Body weight increased with age both in girls and boys
(p<o.001; Table 1), except for girls aged 13 and 14 who had
similar BW (p>0.05). BMI and BMI percentile values were
similar between the age groups and the genders (p>0.05;
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Table 1). The only exception was that girls aged 12 years
had significantly lower BMI than girls aged 14 vyears
(p=0.006; Table 1). LM and FFM tended to increase with age
in both genders. In boys, FFM and LM were significantly
different by age groups (p<0.001). Although both 13 and 14
years old girls had significantly higher FFM and LM compa-
red to 12 years old girls (p<0.001), no significant difference
was observed between the 13 and 14 years old girls. Boys
had higher LM and FFM in all age groups than girls. Howe-
ver, the difference was statistically significant for 13 and 14

years old (p=0.001 and p<0.001, respectively), not for 12 ye-
ars old (FFM p=0.093, LM p=0.075; Table 1). FM was signifi-
cantly higher in girls than boys in all age groups (p<o0.05;
Table 1). Both boys and girls at 12 years old had signifi-
cantly lower FM compared to those of 13 and 14 years old
(p<o.05; Table 1). BFP was significantly higher in girls than
boys regardless of the age groups (p<o.05; Table 1), while
no significant difference was observed between the age gro-
ups in girls and boys (p>0.05; Table 1).

Table 1. Comparison of body composition variables by age and gender

12 years old

13 years old 14 years old

Variables Girls (n=61) Boys (n=74) Girls (n=76) Boys (n=80) Girls (n=87) Boys (n=80)
Height (cm) 152.8+6.9 150.17.3 157.3t6.2 157.1+8.5 158.2¢5.7 162.2:8.4
BW (kg)€ t 46.7+11.6 45.3+10.6 54.6+11.3 51.7+13.1 55.0t11.6 56.9t14.3
BMI (kg/m?* 20135 20.7%4.4 21.9t35 20.8%4.0 22.3t4.2 21.4%4.3
BMI percentile 63.2t27.7 67.0t27.2 71.6:24.3 63.0£31.4 67.2:26.9 61.4t29.8
EM (kg)*f§ 11.6:6.9 8.6t5.6 15.5t6.7 9.2:5.8 15875 8.0:6.7
FFM (kg)€t¥* 35.0:51 36.7:6.1 39.0%5.0 42777 40347 48285
LM (kg)€t¥ 33.2¢4.8 34.9t57 37.0:47 40.2¢7.9 38.1:4.3 45.6t8.4
Body fat (%)* 23.4:6.9 17.6+7.7 27.2:6.5 16.6+6.8 27.0t71 14.2+7.3

BW; body weight, BMI; body mass index, FM; fat mass, FFM; fat-free mass, LM; lean mass. Mean+SD

€ p<0.05; Significant difference between age groups in boys.

£ p<0.05; Age 12 is significantly different from the ages of 13 and 14 in girls.
§|o<o.o5; Age 12 is significantly different from the ages of 13 and 14 in boys.
#p<0,o5; Significant difference between 12 and 14 years old girls.

*p<o‘o5; Significant difference between genders in all age categories.

¥ p<0.05; Significant gender differences for 13 and 14 years.

The correlation coefficients between total PAS and BC vari-
ables for the girls and boys are presented in Figure 3. Accor-
dingly, total PAS was inversely correlated with FM and BFP
in 12 years old (FM r=-0.28; p<o.001 and BFP r=-0.28;
p<o.001; Figure 3A-B) and 13 years old girls and boys (FM
r=-0.16; p=0.047 and BFP r=-0.21; p=0.01; Figure 3C-D). To-
tal PAS was negatively associated with FM (r=-0.21;
p=0.007; Figure 3E) and positively associated with LM
(r=0.19; p=0.01; Figure 3F) in 14 years old girls and boys.

DISCUSSION

The findings of this study showed that BW significantly inc-
reased with age in children aged 12-14 years. FM and BFP
were higher in girls, whilst LM and FFM were higher in boys
than girls regardless of age. Total PAS was higher in boys
than girls and similarly decreased with age in both genders.
Total PAS was negatively associated with FM in 12 years old
girls and boys and was positively associated with LM in 14
years old. Girls with healthy weight and overweight had
higher total PAS compared to girls with obesity, while this
difference was not evident within boys.

Physical inactivity is one of the leading causes of major ch-
ronic diseases (26). Ample evidence shows that a physically
active lifestyle should start from childhood and continue
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throughout adulthood for the health of the individuals and
populations (27). However, contrary to this notion, PA parti-
cipation was reported to decline with age during adulthood
(28), and girls are less active than boys in most countries
(29). In the present study, we found that total PAS was hig-
her in boys than girls regardless of age, in agreement with
some published studies (30-32). A recent study supporting
the findings of the current study that was conducted in 146
countries between 2001-2016, showed that girls in 142 co-
untries were less active than boys (1). Given that advanced
pubertal maturation in girls results in a decline in PA (33),
biological factors are accepted as the most cited reason for
this more profound decline in PA in girls. In addition, we
found that total PAS decreased with age in both sexes,
which is similar to the data reported in a large and cross-
sectional observational study from the National Health In-
terview Survey using the 1992 Youth Risk Behavior Survey
supplement for adolescents that reported participation in
regular PA consistently decreases from ages 12 through 21
(30).

Regarding BC, we documented a marked increase in BW,
FM, LM, and BMI with age in boys and girls, similar to the
existing studies (20, 34). As expected, this observed incre-
ase in BC components is in conjunction with growth that
produces changes in FM, BFP and LM during childhood
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(34). Based on the BMI percentile classification, we found
that 66.1% of girls and 61.5% of boys were with healthy we-
ight, 21.0% of girls and 17.5% of boys were overweight, and
12.9% of girls and 17.9% of boys were obese. These results
are consistent with other studies that have reported similar
results on the prevalence of obesity in this age group (35,
36). Besides, it is well documented that PA is of pivotal role
in the prevention of high adiposity levels and obesity (37).
However, BMI is not a sufficient indicator to evaluate obe-
sity in all age groups, necessitating consideration of BC to
more accurately assess body fatness (37). For this reason,
we also assessed FM, LM, and BFP of boys and girls using
BIA. Our findings showed that FM and BFP were higher in
girls, while boys had higher LM, which were independent

Physical activity and body composition

of the age categories. Similarly, Moliner-Urdiales et al. (32)
reported that boys (12.5-17.5 yrs) had higher FFM than girls
(32). Another study carried out on 445 adolescents by Eke-
lund et al. (31) revealed that 17 years old girls had higher
FM than boys who had greater FFM (31). These differences
between the genders can be, in part, explained by the diffe-
rences in the relative time spent in vigorous PA. A meta-
analysis on gender-related differences in PA and body fat-
ness concluded that there is a significant and negative as-
sociation between PA-related energy expenditure and BFP
in males but not in females (38). Additionally, a study reve-
aled that adolescent girls have a higher risk for FM accumu-
lation due to their reproductive capacity (39).
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We found an inverse significant association between PA le-
vel and FM in participants aged 12 years and a positive as-
sociation of PA level with LM and FFM in participants aged
14 years. These results are supported by a systematic review
which reported a significant negative association between
PA and adiposity in children and adolescents in 79% of the
included studies (40). Likewise, Ekelund et al. (29) also fo-
und that total PA level was significantly and inversely asso-
ciated with FM in males (r= -0.20, p<0.01) but not in fema-
les. We showed that girls with healthy weight and overwe-
ight had higher total PAS compared to girls with obesity, re-
vealing a negative association between the total amount of
PA time and BW. This finding was supported by a systema-
tic review on PA and adiposity that reported a negative sig-
nificant association between measured PA and adiposity
(19).

Based on the findings from the current and existing studies
(41, 42), school-based PA interventions are of primary im-
portance for increasing the number of children engaged in
PA, which in turn reduces adiposity. However, increasing
PA among children and adolescents is difficult as there
might be some impediments to PA. Therefore, the school
setting is an ideal environment for population-based PA in-
terventions, since no other institution has much influence
on children during their first two decades of life (41).

Several limitations should be considered in interpreting the
findings of the present study. First, we assessed the BC of
participants via BIA based on the 2-compartment model
which partitions the body into FM and FFM. However, the
4-compartment BC model involving the measurement of
body weight, total body water, and bone mineral content
would provide a more accurate measure of BC. Secondly,
we did not control some confounders, such as sleep durati-
on, diet, and genetic variations. Additionally, the data col-
lection was based on a classroom setting and self-reported
questionnaire, further studies should consider tracking PA
levels with accelerometers that would provide more precise
data. Further studies are needed to control the unmeasured
confounders, such as dietary, PA, and sedentary behaviors
associated with BC with the use of a larger sample with
sufficient power to increase the likelihood of finding other
significant effects.

CONCLUSION

This study indicates that PA participation declines with age
in 12-14 years old girls and boys, and that girls have a consi-
derably lower level of PA compared to their male counter-
parts. Besides, girls have higher FM and BFP, whilst boys
have higher LM. Reduced PA level is significantly associ-
ated with increased FM.
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