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Wskaźniki otyłości wśród dziewcząt i chłopców w wieku 7–9 lat  
w świetle zróżnicowanej aktywności fizycznej: badania dwuletnie 

Streszczenie 

Wobec negatywnych skutków niskiej aktywności fizycznej, w pracy przedstawiono wartości 
(oraz przyrosty) poszczególnych cech somatycznych i wskaźników proporcji ciała uznawanych za 
wyznaczniki nadwagi i otyłości wśród dziewcząt i chłopców w wieku 7–9 lat w świetle zróżnicowa-
nej aktywności ruchowej. Materiał badawczy stanowią wyniki dwuletnich badań dziewcząt i chłop-
ców w wieku 7–9 lat. W badaniach wzięło udział łącznie 253 uczniów: 167 uczniów klas ogólnych 
– niesportowych (75 dziewcząt i 92 chłopców) oraz 86 uczniów z klas sportowych – klas o profilu 
akrobatyka sportowa (50 dziewcząt i 36 chłopców). W ramach badań przeprowadzono 3 serie po-
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miarów, które obejmowały dwuletni okres edukacji wczesnoszkolnej. Dokonano pomiarów wyso-
kości i masy ciała, obwodu talii, obwodu bioder oraz grubości czterech fałdów skórno-tłuszczo-
wych. W oparciu o wyniki pomiarów antropometrycznych wyliczono wskaźniki proporcji ciała 
(BMI, WHR, WHtR). W analizowanym okresie ontogenezy (7–9 lat) uczniowie z klas ogólnych na 
tle sportowych wyróżniają się większymi parametrami wskaźników otyłości, zwiększającymi ry-
zyko zachorowania na choroby metaboliczne. Dzieci z klas ogólnych relatywnie do sportowych 
charakteryzują się przeciętnie większym wskaźnikiem BMI, obwodem talii i bioder, grubością fał-
dów skórno-tłuszczowych, wskaźnikiem WHtR.  

Słowa kluczowe: otyłość, klasy sportowe, aktywność fizyczna, rozwój. 

Abstract 

Considering the negative effects of low physical activity, this study presents the values (and 
increases) of individual somatic features and body proportion indicators considered to be deter-
minants of being overweight and obese among the examined girls and boys in view of differenti-
ated physical activity. The research material includes the results of a two-year study of girls and 
boys aged 7–9. It involved 253 pupils: 167 from general classes and 86 from sports classes (sports 
acrobatics classes). Three series of measurements were carried out, covering a 2-year period of 
early primary education. As part of the research, measurements of body height and mass, waist 
circumference, hip circumference and the thickness of skin and fat folds were measured. The body 
proportions were calculated based on anthropometric measurements. In the analyzed period of 
ontogenesis (ages 7–9), pupils from general classes, when compared to those from sports classes, 
were distinguished by higher parameters of obesity indicators, increasing the risk of developing 
metabolic diseases. Children from the general classes, in contrast to those from the sports ones, 
were characterized by a higher Body Mass Index, waist and hip circumference, thickness of skin 
and fat folds, and waist-to-height ratio.  

Keywords: obesity, sports classes, physical fitness, development. 

Introduction 

Overweight and obesity among children and adolescents have become seri-
ous public health problems in developed and developing countries. The preva-
lence of obesity in children and adolescents has increased dramatically. Accord-
ing to WHO data, in 2016, overweight or obesity was reported in over 380 mil-
lion children and adolescents (aged 5–19) worldwide [46]. 

Obesity is directly related to many diseases such as type 2 diabetes, hyper-
tension, coronary artery disease, nonalcoholic liver disease, chronic kidney dis-
ease, dyslipidemia, and cancer [6, 28]. Obesity also causes psychological prob-
lems and may lead to depression [38]. Childhood and adolescent obesity con-
tinue into adulthood [34, 28] and are causes of premature death [21]. A meta-
analysis has shown that obese children have a five times higher risk of becoming 
obese in adult life than children with normal weight [42]. In another study, ap-
proximately 80% of adolescents with obesity remained obese in adulthood [14]. 
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The growing percentage of overweight and obese people is becoming a se-
rious medical, social, economic, personal, and family problem [35]. The causes 
of the overweight and obesity epidemic are very complex, but it should be borne 
in mind that one of the main reasons (along with improper nutrition, genetic 
conditions, etc.) is a low level of physical activity [35]. Unfortunately, according 
to a WHO report, three out of four teenagers (aged 11–17) worldwide do not 
meet WHO recommendations for physical activity. In Poland, according to the 
HBSC report [30], only 17.2% of young people aged 11-15 meet the recommen-
dations for moderate physical activity, which is less than one-fifth of the sur-
veyed population. Comparing the data obtained in the last two series of studies 
(from 2014 and 2018), a clear negative trend was observed in the decrease in 
the percentage of young people meeting the WHO recommendations regarding 
moderate physical activity, from 24.2% in 2014 to 17.2% in 2018.  

The complexity of the factors in the development of overweight and obesity 
among children and adolescents leads to difficulties in the treatment of these 
demographic groups. Numerous preventive programs for childhood and adoles-
cent obesity have been ineffective [28]. Research indicates that in preventing 
obesity in children (ages 6–12), focusing on activities related to physical activity 
may reduce the risk of reaching critical BMI values, but there is no conclusive 
evidence that activities focusing solely on diet are effective in this regard [7]. 

Early identification and prevention are the key to controlling the global obe-
sity epidemic. Considering that the percentage of overweight children and ado-
lescents is much higher than the percentage of obese children and adolescents, 
it seems reasonable to focus on overweight people who are at risk of developing 
obesity in the future [28]. Hence, the aim of this study was to present the values 
(and increments) of individual somatic features and body proportion indicators 
considered to be determinants of overweight and obesity among girls and boys 
(aged 7, 8, and 9) from general classes compared to girls and boys with a lot of 
physical activity (studying in sports classes).  

Material and methods 

Participants 

The research material consists of the results of a two-year study of girls and 
boys aged 7–9. The study involved the purposeful selection of the research 
group. Schools from Western Polish towns and cities where sports acrobatics 
classes were conducted were selected. The research was conducted in Zielona 
Góra, Sulechów, Jawor, and Poznań. In the sports classes examined, the weekly 
number of hours spent on sports activities was 10. Additionally, students from 
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these classes had two hours of physical education with their form teacher to 
implement the content of the core curriculum, while in general (non-sports) 
classes, students had three hours of physical education per week. 

A total of 253 students participated in the study. The research included 167 
pupils from general, non-sports classes (75 girls and 92 boys) and 86 pupils from 
sports classes – sports acrobatics profile (50 girls and 36 boys). In general clas-
ses, the basic physical education curriculum was followed with the number of 
three hours a week, while in sports classes, students followed an extended phys-
ical education program with the amount of 10 hours of training classes per week 
(in accordance with the Regulation of the Minister of National Education of 
March 27 2017 on sports classes and schools as well as sports championship 
classes and schools [37]. 

The calendar age was calculated for each respondent using the decimal sys-
tem [15]. As part of the study, three series of measurements were carried out, 
covering a 2-year period of early childhood education (grades 1–3 of primary 
school). The research was initiated in September 2017, when students started 
their first year of primary school, then in September 2018 (in the second year of 
primary school) and in September 2019 (at the beginning of the third year of 
primary school). The research protocol was approved by the Bioethics Commit-
tee of the Regional Medical Council in Zielona Góra (Bioethics Committee Reso-
lution No. 17/82/2017 of 17 July 2017). 

Measurements 

As part of the research, measurements of body height and weight, waist cir-
cumference, hip circumference and the thickness of four skin and fat folds (on 
the abdomen, on the iliac crest, on the shoulder, at the lower angle of the scap-
ula) were measured. The following body proportions were calculated based on 
anthropometric measurements: Body Mass Index (BMI, [kg]), body height [m], 
waist circumference (WHR), and waist circumference (WHtR) [47,17,23,18]. 

Data analysis 

The arithmetic means (M), standard deviations (SD) of the examined fea-
tures, and calculated body proportion indicators were calculated. The levels of 
the tested features of girls and boys from sports classes were compared against 
the background of their peers from general classes. The Student’s t-test (t) was 
used to determine the significance between the mean values of the studied fea-
tures [1,43]. Moreover, the average increases in the examined somatic traits be-
tween 7–8, 8–9 and 7–9 years of age among the examined girls and boys from 
sports and general classes were presented. To determine the influence of phys-
ical activity on the development of individual somatic features and body propor-
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tion indices, a two-factor analysis of variance with repeated measures was ap-
plied (ηp

2). 

Results 

Girls from sports classes in all series of measurements were, on average, 
shorter than their peers from general classes, with statistically insignificant dif-
ferences (Table 1). During the 2-year observation period, the height gain in the 
acrobats was 11.67 cm, compared to 10.93 cm in the non-training girls (Table 2). 
In contrast to the female teams under investigation, the boys from sports classes 
were, on average, taller than their peers from general classes, with statistically 
insignificant differences (Table 1). During the 2-year observation period, the in-
crease in body height was 11.83 cm in the acrobats and 11.16 cm in the boys 
from the general classes (Table 2). 

Table 1. Numerical characteristics of somatic features and body proportions indices of the exam-
ined girls and boys aged 7, 8, 9 

 Girls (n = 125) Boys (n = 128) 

Feature Age 

sports classes 
(n = 50) 

general clas-
ses 

(n = 75) 
t 

sports classes 
(n = 36) 

general clas-
ses 

(n = 92) 
t 

M ± SD M ± SD M ± SD M ± SD 

Body 
height 
[cm] 

7 122.39 ± 4.92 123.69 ± 6.39 −1.30 125.77 ± 6.43 125.65 ± 5.18 0.12 

8 128.10 ± 5.11 128.81 ± 6.62 −0.71 131.64 ± 6.79 131.03 ± 5.22 0.60 

9 134.06 ± 5.43 134.62 ± 6.73 −0.56 137.60 ± 6.92 136.81 ± 5.31 0.80 

Body 
mass 
[kg] 

7 23.99 ± 4.58 25.70 ± 5.39 −1.72 25.21 ± 4.31 25.68 ± 3.64 −0.47 

8 26.80 ± 4.80 28.81 ± 5.92 −2.01* 28.06 ± 4.66 29.62 ± 4.60 −1.56 

9 30.06 ± 5.28 32.85 ± 6.52 −2.78* 32.11 ± 5.13 34.16 ± 5.24 −2.05* 

BMI 

7 15.91 ± 2.10 16.67 ± 2.32 −0.76 15.84 ± 1.70 16.20 ± 1.41 −0.36 

8 16.24 ± 1.99 17.24 ± 2.41 −1.00* 16.10 ± 1.67 17.19 ± 1.92 −1.08** 

9 16.63 ± 2.00 18.00 ± 2.41 −1.37** 16.87 ± 1.70 18.19 ± 2.04 −1.31** 

Waist  
circum-
ference 
[cm] 

7 54.33 ± 5.49 55.56 ± 6.18 −1.23 56.72 ± 5.21 57.75 ± 6.45 −1.03 

8 55.76 ± 5.36 57.92 ± 6.18 −2.16* 58.35 ± 5.36 59.83 ± 6.57 −1.47 

9 57.84 ± 5.54 60.30 ± 6.16 −2.46* 60.05 ± 5.47 62.59 ± 6.87 −2.55 

Hip  
circum-
ference 
[cm] 

7 64.84 ± 5.76 66.05 ± 5.60 −1.21 65.98 ± 4.54 67.01 ± 5.04 −1.03 

8 66.96 ± 5.81 69.39 ± 5.48 −2.43* 67.96 ± 5.03 69.37 ± 5.45 −1.41 

9 70.11 ± 5.83 72.82 ± 5.78 −2.70* 70.65 ± 4.98 72.82 ± 5.75 −2.18 

WHR 

7 0.84 ± 0.05 0.84 ± 0.07 0.00 0.86 ± 0.06 0.86 ± 0.06 0.00 

8 0.83 ± 0.05 0.84 ± 0.07 −0.01 0.86 ± 0.06 0.86 ± 0.06 0.00 

9 0.83 ± 0.04 0.83 ± 0.06 0.00 0.85 ± 0.05 0.86 ± 0.06 −0.01 
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Table 1. Numerical characteristics of somatic features… (cont.) 

 Girls (n = 125) Boys (n = 128) 

Feature Age 

sports classes 
(n = 50) 

general clas-
ses 

(n = 75) t 

sports classes 
(n = 36) 

general clas-
ses 

(n = 92) t 

M ± SD M ± SD M ± SD M ± SD 

WHtR 

7 0.44 ± 0.04 0.45 ± 0.04 −0.01 0.45 ± 0.03 0.46 ± 0.05 −0.01 

8 0.44 ± 0.03 0.45 ± 0.04 −0.01* 0.44 ± 0.03 0.46 ± 0.04 −0.01 

9 0.43 ± 0.03 0.45 ± 0.04 −0.02* 0.44 ± 0.03 0.46 ± 0.04 −0.02* 

The sum 
of  
4 folds 
[mm] 

7 33.91 ± 14.77 37.46 ± 20.19 −3.54 31.95 ± 15.46 35.06 ± 19.21 −3.12 

8 34.07 ± 14.96 39.53 ± 21.49 −5.45 31.96 ± 15.58 37.26 ± 20.25 −5.30 

9 35.72 ± 15.97 43.50 ± 22.55 −7.78* 33.04 ± 13.88 41.12 ± 21.86 −8.08* 

BMI: Body Mass Index, WHR: Waist-to-hip ratio, WHtR: Waist-to-height ratio 

* statistically significant differences at p ≤ 0.05 
** statistically significant differences at p ≤ 0.01 

With regard to body weight, it was noted that both the girls and boys from 
sports classes in each series of measurements (between 7-9 years of age) were, 
on average, lighter than their peers from general classes. With each consecutive 
year, the differences in body weight between the teams from the sports and 
general classes increased (Table 2). In the examined girls, in the first series of 
measurements (the age of 7), there were no statistically significant differences 
between the average body weight, while in the second (the age of 8) and the 
third series (the age of 9), statistical significance at the level of p <0.05 was noted 
(Table 1). In the girls from sports classes, the annual weight gain in the first pe-
riod of the study was 2.82 kg, while in the girls from general classes it was 3.11 
kg. In the second series of tests, the acrobats gained 3.26 kg on average, and 
their non-training peers 4.04 kg. During the 2-year observation period, girls from 
sports classes increased their body weight by 6.08 kg, while their peers gained 
7.14 kg. (Table 2). In the examined boys, statistically significant differences be-
tween average body weight were noted in the third series of measurements (the 
age of 9). In the boys from sports classes, the annual weight gain in the first 
period of the study was 2.8 kg, and in the boys from general classes, it was 3.94 
kg. In the second series of tests, the acrobats gained 4.05 kg on average, and 
their non-training peers 4.54 kg. (Table 1.) During the 2-year observation period, 
the weight gain in the boys from sports classes was 6.90 kg, and 8.48 kg in their 
peers (Table 2). 
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Table 2. Characteristics of somatic increments in examined girls and boys 

 Girls (n=125) Boys (n=128) 

Feature period 

sports clas-
ses 

(n=50) 

general 
classes 
(n=75) t 

sports clas-
ses 

(n=36) 

general 
classes 
(n=92) t 

increase increase increase increase 

Body 
height [cm] 

7−8 5.71 ± 0.59 5.12 ± 0.47 6.20** 5.87 ± 0.91 5.39 ± 0.63 3.40** 

8−9 5.96 ± 0.82 5.81 ± 0.68 1.10 5.96 ± 0.74 5.77 ± 0.83 1.22 

7−9 11.67 ± 1.27 10.93 ± 0.77 4.04** 11.83 ± 1.06 11.16 ± 1.13 3.09** 

Body mass 
[kg] 

7−8 2.82 ± 1.00 3.11 ± 1.13 −1.47 2.85 ± 1.14 3.94 ± 1.89 −3,24** 

8−9 3.26 ± 1.19 4.04 ± 1.09 −3,78** 4.05 ± 1.27 4.54 ± 1.18 −2.07* 

7−9 6.08 ± 1.80 7.14 ± 2.00 −3.04** 6.90 ± 1.95 8.48 ± 2.66 −3.23** 

Waist  
circumfer-
ence [cm] 

7−8 1.44 ± 0.89 2.36 ± 0.38 −8.01** 1.63 ± 1.37 2.07 ± 0.62 −2.50* 

8−9 2.08 ± 0.60 2.38 ± 0.75 −2.34* 1.69 ± 0.88 2.77 ± 0.90 −6.10** 

7−9 3.51 ± 1.37 4.74 ± 1.10 −5.53** 3.33 ± 1.92 4.84 ± 1.52 −4.69** 

Hip  
circumfer-
ence [cm] 

7−8 2.12 ± 0.78 3.34 ± 0.95 −7.58** 1.97 ± 1.64 2.36 ± 0.76 −1.80 

8−9 3.15 ± 1.86 3.42 ± 1.05 −1.05 2.69 ± 1.39 3.45 ± 1.26 −2.98** 

7−9 5.27 ± 1.98 6.77 ± 1.36 −5.01** 4.66 ± 1.93 5.81 ± 1.51 −3.56** 

The sum  
of 4 folds 
[mm] 

7−8 0.16 ± 0.59 2.07 ± 4.69 −2.87** 0.01 ± 0.44 2.19 ± 3.37 −3.86** 

8−9 1.65 ± 4.27 3.98 ± 2.53 −3.83** 1.08 ± 3.87 3.87 ± 3.13 −4,22** 

7−9 1.80 ± 4.29 6.05 ± 5.61 −4.54** 1.09 ± 3.74 6.06 ± 5.27 −5.16** 

BMI: Body Mass Index, WHR: Waist-to-hip ratio, WHtR: Waist-to-height ratio 

* statistically significant differences at p ≤ 0.05 
** statistically significant differences at p ≤ 0.01 

Large differences between the teams from sports and general classes were 
noted in the waist and hip circumferences. Girls and boys from sports classes, 
compared to girls and boys from general classes, were characterized by smaller 
waist and hip circumferences in all series of measurements. In the girls, statisti-
cally significant differences between the average waist and hip circumferences 
were recorded in the second (age 8) and third series of measurements (age 9), 
while in the boys in the third series of measurements (age 9). Each year, the 
differences in waist and hip circumference between teams from sports and gen-
eral classes increased. In the two-year observation period (the ages between 7–
9), the increase in hip circumference among the training girls was 5.27 cm, and 
6.77 cm in the non-training girls, while the increase in waist circumference in 
the acrobats was 3.51 cm and 4.74 cm in their peers (Table 2). During the two-
year observation period, the increase in hip circumference in the training boys 
was 4.66 cm, and 5.8 cm in the non-training boys, while the increase in waist 
circumference in the acrobats was 3.33 cm, and 4.84 cm in their peers (Table 2). 
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With regard to the thickness of the skin and fat folds, in the first series of 
measurements (the age of 7), no statistically significant differences were found 
between the teams from sports and general classes. However, in the next year 
(the age of 8), the differences became more visible, and in the third series of 
measurements (following two years of observation, at the age of 9), statistically 
significant differences in the total thickness of four skin and fat folds were noted. 
Annual increases in the thickness of the skin and fat folds were greater in the 
case of students from general rather than sports classes. During the two-year 
observation period, the average increase in the thickness of 4 folds in the train-
ing girls was 1.80 cm, and 6.05 cm in the non-training ones, while in the boys 
from sports classes – 1.09 cm, and 6.06 cm in their peers from general classes 
(Table 2). 

Based on the examined features, body proportions were calculated. The 
BMI, both among the girls and boys from sports classes, was, on average, lower 
than that of their peers from general classes. In the first series of measurements 
(the age of 7), no statistically significant differences were recorded, but from 
year to year, the differences in the level of this indicator increased. In the 2nd, 
and 3rd series of studies (ages 8 and 9), some statistically significant differences 
were noted (Table 1). 

As for individual assessment, cases of overweight and obese people were 
reported (based on the criteria of the International Obesity Task Force) [10,11]. 
This phenomenon concerns, to a greater extent, the pupils from general rather 
than sports classes. In the first series of measurements (the age of 7), in sports 
classes, the number of persons who were overweight or obese accounted for 
13.96% of all students in these classes, while in general classes, it was 20.36%. 
In the second series of measurements (the age of 8), the percentage of over-
weight and obese students (11.63%) among the sports class students decreased, 
while in general classes, it increased to 25.74%. In the following year, there was 
an increase in the number of overweight and obese people in both sports and 
general classes. At the age of 9, the proportion of overweight or obese students in 
sports classes was 12.78%, while in general classes, it reached 28.74% (Figure 1). 

The WHR index did not show much differentiation between teams in sports 
and general classes. There were no statistically significant differences in the av-
erage values for this indicator. The WHtR index, as opposed to the WHR index, 
revealed differentiation between teams from sports and general classes. With 
regard to this indicator, in the first series of measurements (the age of 7), no 
statistically significant differences were found between the teams from sports 
and general classes, while statistical significance was noted in the second series 
of studies (the girls) and the third series of studies (the girls and boys). Higher 
WHtR values were observed in the groups from general classes (Table 1). 
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Figure 1. Percentage of overweight and obese students in general and sports classes at the age of 7, 8, 9 

When assessing the impact of physical activity on the development of indi-
vidual features and indicators of body proportions, a two-factor analysis of var-
iance was used, and ‘class’ (i.e., sports class or general class) was adopted as the 
factor determining the level of physical activity. 

Regarding the eta-square partial analysis (ηp
2, Table 3), it was noted that the 

development of each examined feature and each body proportion indicator was 
more influenced by ‘time,’ i.e., the age of those examined (7, 8, 9 years old), 
than the ‘class’ factor (sports or general classes). 

Table 3. Partial eta-square analysis (ηp
2) for somatic features and indicators of body proportions 

of the examined girls and boys 

Girls (n = 125) Boys (n = 128) 

Class Time Class Time 

Feature (ηp
2) Feature (ηp

2) Feature (ηp
2) Feature (ηp

2) 

BMI 0.05* Body height 0.99** BMI 0.06** Body height 0.99** 

Body mass 0.04* Waist circ. 0.91** WHtR 0.02 Body mass 0.87** 

Hip circ. 0.03* Body mass 0.91** Body mass 0.02 Hip circ. 0.86** 

Waist circ. 0.02 Hip circ. 0.90** Hip circ. 0.02 Waist circ. 0.82** 

WHtR 0.02 BMI 0.48** 4 folds 0.02 BMI 0.53** 

4 folds 0.02 4 folds 0.32** Waist circ. 0.01 4 folds 0.28** 

Body height 0.00 WHtR 0.28** Body height 0.00 WHtR 0.27** 

WHR 0.00 WHR 0.16* WHR 0.00 WHR 0.04** 

BMI: Body Mass Index, WHR: Waist-to-hip ratio, WHtR: Waist-to-height ratio 

* statistically significant differences at p ≤ 0.05 
** statistically significant differences at p ≤ 0.01 
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Figure 2. Graphical depiction of the two-way analysis of variance for the BMI indicator of the ex-
amined girls 

 

Figure 3. Graphical depiction of the two-way analysis of variance for the BMI indicator of the ex-
amined boys 
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In the girls, physical activity (class) had a significant impact on BMI, body 
weight, and hip circumference, while time had a significant impact on all varia-
bles, with the greatest impact on body height, waist circumference, and body 
weight (Table 3). Among the boys, physical activity (class) had a significant influ-
ence on BMI. Time had a significant impact on all variables, with the greatest 
effect on body height, weight, and hip circumference (Table 3).  

Discussion  

In both sports and general classes, the majority of students were character-
ized by the correct weight-to-height ratio (based on the classification of Cole et 
al. 2000, 2007) [10, 11]. However, the varying level of physical activity between 
sports and general class teams resulted in a greater increase in the number of 
overweight and obese students among the non-sports class students.  

These results partially confirm this secular trend. The results of research in 
recent years indicate a dynamic increase in height and weight in the 80s and 90s, 
while a slowdown in the secular trend has been noted in the last decade [2, 4, 
45]. According to the authors, significant weight gain accompanied by lower 
body height gains (for most age ranges) is a disturbing phenomenon. It reflects 
the tendency to increase body build (an increase in BMI) and attests to an in-
crease in the percentage of overweight and obese children [2, 45]. 

The health risk of obesity depends not only on excess body fat but also on 
its location. Abdominal obesity ( android type) is associated with an increased 
cardiovascular risk and the occurrence of metabolic syndrome [13, 25, 36]. 
Waist circumference is independent of BMI and is a better measure of ab-
dominal obesity in some cases [12, 24, 26, 31, 32, 40]. Waist and hip circumfer-
ences are among the basic anthropometric parameters, and their measurement 
is of fundamental importance in the diagnosis of obesity and assessment of ad-
ipose tissue distribution [12, 32, 16]. Until recently, there were no nationwide 
anthropometric studies allowing for the development of waist and hip percen-
tile grids representative of the Polish population. It is assumed that a waist cir-
cumference exceeding the 95th percentile is the basic diagnostic criterion for 
metabolic syndrome. The development of the waist and hip percentile grids was 
undertaken by researchers from the Institute of the Children’s Memorial Health 
Institute as part of the OLAF-PL0080 research project: „Development of blood 
pressure standards for the population of children and adolescents in Poland” [27]. 

Comparing the results of our own research against the standards from the 
OLAF-PL0080 project, it was noted that the average waist and hip circumfer-
ences of the surveyed students from general and sports classes were within the 
range of M±1 SD (despite the fact that the studies were conducted more than 
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10 years apart). Nevertheless, the average waist and hip circumferences of the 
girls from sports classes were below the average values, whereas those from 
general classes were above the average values of the OLAF project. Moreover, 
the average waist and hip circumferences of the girls and boys from general 
classes reflected the average for the higher age categories in the OLAF-PL0080 
project [27]. The waist-to-hip ratio (WHR) was calculated based on waist and hip 
measurements [15, 25, 35]. There were no WHR reference values for children 
and adolescents. Moreover, the clinical usefulness of measuring WHR has de-
clined in recent years owing to its weaker association with cardiovascular and 
metabolic risk factors compared to other clinical measures of obesity [16]. Ac-
cording to some researchers, waist circumference as a measure of abdominal 
obesity correlates with cardiovascular risk more than WHR [26, 31, 32]. Our re-
search also indicates a low diagnostic value for WHR. Although there were sta-
tistically significant differences in waist and hip circumferences between sports 
teams and general classes (in the 2nd and 3rd series of studies in the girls, in the 
3rd series of studies in the boys), there were no statistically significant differ-
ences between the mean WHR index. This can be explained by the fact that in 
the early school period, slim children are characterized by narrow hips and slight 
differences in the proportions of hip circumference in relation to waist size (the 
WHR is high). Especially in pre-pubertal girls who do not yet have a fully devel-
oped pelvis, WHR may incorrectly suggest abdominal obesity. Perhaps, the 
WHtR index, which determines the ratio of waist circumference to body height, 
will be of greater diagnostic value for children at that developmental age. As for 
this indicator, significant differences were noted between the teams from sports 
and general classes after one year of research for the girls and two years of ob-
servation for the boys.  

The waist circumference-to-height ratio (WHtR) has recently been sug-
gested as an effective anthropometric index for assessing abdominal obesity 
[22, 19] correlated with cardiovascular risk factors. The WHtR is also independ-
ent of age and sex percentiles in pediatric patients. Studies suggest that WHtR 
is an easier, faster, and more sensitive screening indicator than BMI and WC for 
detecting obesity and related metabolic disorders in children and adolescents 
[3, 16]. The variability of abdominal adipose tissue distribution in girls from 
sports and non-sports classes aged 9-16 years was assessed by Sudera et al. [44]. 
Based on these results, it was found that girls from sports classes differed in the 
mean values of waist circumference, WHtR, and plasma leptin and ghrelin levels 
(despite the lack of significant differences in height and weight). 

There is consensus that body fat and its anatomical distribution are separate 
or independent factors [9]. Studies on the distribution of adipose tissue indicate 
that some metabolic disorders show much more direct and stronger relation-
ships with the distribution of adipose tissue than with the degree of adiposity 
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[20, 5, 39, 29]. According to the authors, the measurement of the thickness of 
the skin and fat folds (as a measure of fatness independent of the BMI and the 
circumference of the waist and hips) is of the greatest usefulness in screening 
for obesity in some age and sex groups of children and adolescents [41]. In rela-
tion to our own research, a significant variation was observed in the thickness 
of the skin and fat folds, as well as in the annual increments between the teams 
from sports and general classes, which points to a significant influence of phys-
ical activity on the shaping of this body component.  

Research shows that the students from general classes, compared to sports 
classes, are distinguished by higher parameters of obesity indicators, increasing 
the risk of developing metabolic and cardiovascular diseases [8, 33, 25]. The chil-
dren from general classes, unlike those from sports classes, are characterized by 
a higher BMI, waist and hip circumference, thickness of skin and fat folds, and 
WHtR index. Although in the research (at the stage of early childhood education) 
the average results did not reach the critical values, the gains in these traits were 
greater in the children from general classes than in the children from sports clas-
ses. This suggests negative health effects in the future.  

Based on the presented results, it is possible to consider the reason for this 
phenomenon. Since children and adolescents spend a significant part of their 
time at school, does the Polish education system create appropriate conditions 
for physical activity? This problem may be due to the low number of hours of 
physical education in schools. In the Polish education system, children in grades 
1–3 take 3 lessons in physical education per week. What is 135 minutes of phys-
ical activity per week compared with the WHO recommendation of 60 minutes 
a day? It is different in sports classes. Students in these classes had a minimum 
of 10 lesson hours of sports activities per week, thus fulfilling the WHO recom-
mendations for the hourly amount of physical activity.  

In light of the research results and opinions of many teachers, trainers, and 
parents, the number of hours of physical education is insufficient. Another (yet 
equally important) aspect is the quality of physical education classes in grades 
1–3, which are conducted by early school education teachers rather than quali-
fied physical education teachers. Currently, students are less likely to engage in 
spontaneous physical activity. Therefore, teachers, trainers, and instructors face 
an extremely important task: encouraging schoolchildren and youth to partici-
pate in organized sports and recreational activities. 

Limitations 

The limitation of this study lies in the fact that in individual acrobatic classes 
from different Polish towns and cities, sports training is somewhat different, as 
is enrolment in these classes. Hence, the training intensity may differ between 
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individual classes. In general classes, on the other hand, there are people who 
participate in extracurricular sports activities, and their level of physical activity 
is high. The limitations of this study include the small number of boys, so the 
research should be extended to more sports schools from other regions of the 
country. It also seems justified to conduct a larger number of studies that would 
show the development of physical fitness of the studied students over a longer 
period of time. 

Conclusions 

In the analyzed period of ontogenesis (7–9 years), the girls and boys from 
general classes were distinguished by higher parameters of obesity indicators 
against the background of sports ones, increasing the risk of developing meta-
bolic and cardiovascular diseases. The children from general classes, in contrast 
to those from sports ones, are characterized by a higher BMI, waist and hip cir-
cumference, thickness of skin and fat folds, and WHtR index. Although in the 
research (at the stage of early childhood education) the average results did not 
show critical values, the gains in these traits were greater in the children from 
general classes than in the children from sports classes. This could result in neg-
ative health effects in the future. The health and development values of physical 
activity, and in particular of organized forms of systematically conducted sports 
activities, remain fundamental arguments in favor of undertaking it at an in-
creasingly younger age. Therefore, it is important to increase the number of 
hours of physical education in grades 1–3 of primary school.  
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