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Abstract: The aim of this study was to estimate the morphological characteristics of young 

adolescents on the basis of body composition by measuring anthropometric parameters. The 

study was conducted on a sample of 1122 respondents (boys = 590) students ranging from fifth 

to eighth grade, attending elementary schools in Koprivnica-Križevci County. The percentage of 

body fat was used to estimate body composition and body mass index and waist cirucumference 

for assessment of a respondent's nutrition state.The results showed that the natural processes of 

growth and development are the most significant predictors of morphological characteristics for 

younger adolescents, while gender has no statistically significant effect on dissimilarities between 

average anthropometric dimensions.  
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Introduction 

The acquisition of regular exercise habits represents the essential segment of any healthy 

lifestyle. Earlier research has shown that kinesiological activities have a positive impact on 

humans’ health, especially on the children and the young (Swaminathan et al.2011). Although the 

majority of studies indicate a positive association between physical activity and subjective health 

assessment, some European countries have conducted researches that did not confirm this 

interconnection. Possible reasons for the inconsistency of the results are the difficulty in 

interpreting and differentiating models of physical activity in individual countries (during leisure 

time, at home, at school or work). The results of the previous research (Petrić, Novak, Matković, 

Podnar, 2012; Diethelma et al., 2014) indicate the large percentage of physically inactive 

respondents amongst children and the young. Cordova et al., (2013) investigated the association 

between physical activity, body mass, and energy expenditure amongst children in Spain. The 

results showed that a lower percentage of fat is found in physically active children and they 

indicate the importance of physical activity in the overweight prevention that the lower the BMI, 

the greater the amount of physical activity lower (Guerra, et al. (2006 ). The results showed that 

a lower percentage of fat is found in physically active children and they indicate the importance 

of physical activity in the overweight prevention. Sigmund, El Ansari, Sigmundova, (2012) found 

that regarding children from 6 to 9 years of age, the school environment and additional programs 

play a key role in the prevention of childhood obesity in primary education. Risk factors for 

abdominal obesity in a sample of students from 4 to 18 years of age was also researched by 

Suder i Chrzanowska (2013) at two points in time (1983 and 2000).The results showed that 

children measured in 2000 were significantly more obese. Kunješić (2015) monitors the dynamics 

of the nutritional status and physical activity of primary and secondary school male and female 

students over the period of four years  using a Fels physical activity questionnaire for children – 

FELS PAQ (Treuth, Hou, Young, i Maynard (2005 ) The results obtained showed a significant 

correlation between body composition indicators and variables for assessing physical activity 

levels only in female respondents. Moore et al., (2003)  in a longitudinal study monitored the 

impact of children's physical activity on work ability and morphological status. The positive effects 

of physical activity were evident in both boys and girls. Sorić (2010) measured BMI, waist and hip 

circumference for nutritional testing and concluded that BMI is not always a reliable nutritional 
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indicator. Likewise, Mišigoj-Duraković, Duraković, Sorić, (2014) have expressed doubts about 

BMI reliability in their research.The results of numerous studies investigate the physical activity 

of school hildren, which decreases as children get older (Basterfield et al, 2011. Pate et al, 2002). 

Despite the objective remarks, BMI is still the most used measurement to assess body 

composition data of both children and adults (Colditz, Willett, Rotnitzky, et Manson, 1995; Badrić, 

Sporiš, Prskalo i Milanović 2012). To correct the potential disadvantages of this indirect indicator 

of body characteristics, anthropometric analyses are usually supplemented by measuring the 

percentage of body fat, waist circumference, hip circumference, as well as mathematical 

relationships between individual parts of body as well as mathematical relationships between 

individual body dimensions. Changes during growth indicate significant changes in body 

composition that occur with maturation and lead to genders dimorphism that will be reflected in 

both functional and motor maturation (Trunić, 2007) so the aim is  this study was to evaluate the 

morphological characteristics of young adolescents  on the basis of body composition. 

Research methodology 

Sample of participants 

The study included 1122 young male and female adolescents (Table 1), between 10 and 14 years 

of age. The participants were students attending three elementary schools from Križevci-

Koprivnica County from both rural and urban areas (Table 2). 

Table 1:  
Structure of the sample of respondents by age and sex 

 

Grade Male Female Total 

V 137 149 286 

VI 152 137 289 

VII 154 136 290 

VIII 147 110 257 

Total 590 532 1122 

 
Table 2: Structure of the sample of respondents according to their place of residence 

  
Rural Urban Total 

Koprivnica 128 227 355 

Križevci 205 231 436 

Đurđevac 83 248 331 

Total 416 706 1122 

 
Sample of Variables and measuring instruments 
 
The variables monitored in this study refer to direct and derived anthropometric variables. Body 

height, body weight and waist circumference were directly measured. The body mass index (BMI) 

expressed in kg / m2 was calculated out of the relation between body weight and height. The 

percentage of fat in the total body weight of the subjects was estimated by using the Omron BF 

511 type scales. 

 

Data processing method 

Data collected during the survey were processed by employing descriptive and comparative 

statistics using Portable IBM SPSS v.19.   

 

Results 

The anthropometric dimensions of the respondents in relation to age and sex  
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Each of the five antropometric variables was analysed with an emphasis on the contribution of 

age and sex, explaning the significance of differences between aritmetic means obtained within 

specific sub-samples via two-factor variance analysis. It was supplemented by a T – test for 

independent samples, conducted separately for each class, for a more accurate comparative 

analysis of the sex averages.  

Body height 
 
Table 3:  
Descriptive statistics for body height variable by subjects' grade and sex and t-test results 

Grade Sex M SD SE N 

V Male 1,47 ,071 ,006 137 

 Female 1,48 ,072 ,006 149 

T-test t=-,904 Sig.=,367 

VI Male 1,53 ,079 ,006 152 

 Female 1,53 ,073 ,006 137 

T-test t=-,066 Sig.=,948 

VII Male 1,61 ,083 ,007 154 

 Female 1,59 ,068 ,006 136 

T-test t=1,960 Sig.=,051 

VIII Male 1,68 ,082 ,007 147 

 Female 1,62 ,056 ,005 110 

T-test t=5,991* Sig.=,000  

* Statistically significant difference. Legend: Mean (M), standard deviation (SD), number of participants (N)  

 

The most significant factor for explaining the differences in body height of specific groups of 

subjects was age (Table 4). Sex was not significant until the eighth grade (Table 3). The average 

heights of boys and girls from 5th to 7th grade did not differ. This demonstrates current theoretical 

views on adolescent body height development. Males' body height gradually increases from year 

to year, with accelerating pace between the ages of 13 and 14 and maintaining the pace until the 

final height is reached.     

 
Table 4:  
Indicators of the influence of grade and sex on explaining the differences between average body height values 

Influence F p Partial Eta Squared 

Interaction of factors  9,151 ,000 ,024 

Grade         288,752 ,000  ,437 * 

Sex 12,713 ,000 ,011 

* Statistically significant influence.   

 

Body mass 

Similar observations apply to body weight. Again, natural time of growth and development proved 

to be the most significant factor (Table 5), while sex showed its influence on making significant 

differences only in the eighth grade, that is, in the oldest students in this research.  

 

Table 5: Descriptive statistics for body weight variable by grade and sex and t-test results 
 

Grade Sex M (kg) SD (kg) SE N 

V Male 42,12 11,87 1,01 137 

 Female 42,09 12,77 1,05 149 

T-test t=,022 Sig.=,982 

VI Male 48,51 13,70 1,11 152 

 Female 48,19 12,98 1,11 137 

T-test t=,207 Sig.=,836 
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VII Male 51,79 13,72 1,11 154 

 Female 54,32 12,96 1,11 136 

T-test t=-1,613 Sig.=,108 

VIII Male 60,63 14,15 1,17 147 

 Female 56,94 12,65 1,21 110 

T-test t=2,165 p=,031*  

* Statistically significant difference. 
 

No statistically significant sex differences were observed in any of the other three grades (V, VI 

and VII) (Table 5). Weight gain was uniform in both boys and girls, but only up to the eighth grade.  

During the eighth grade, a rapid increase in body weight is observed among boys, which persists 

until the end of adolescence.  

 
Table 6:  
Indicators of the influence of grade and sex on explaining the differences between average body weights 

Influence F p Partial Eta Squared 

Interactioin of factors 2,526 ,056 ,007 

Grade 78,167 ,000 ,174* 

Sex ,230 ,632 ,000 

* Statistically significant influence. 

 
Given that body mass index is derived from body mass and height, natural growth and 

development are of high importance for explaining variability between individual results (Tables 6 

and 7). 

Table7: 
 Indicators of the influence of grade and sex variables on explaining differences between average body mass index values. 

Influence F p Partial Eta Squared 

Interaction of factors 2,525 ,056 ,007 

Grade 12,312 ,000 ,032* 

Sex 1,387 ,239 ,001 

 

Both male and female younger adolescents had approximately the same BMI values until the 

seventh grade when, due to rapid growth in height among male participants, there is a sharp 

decrease in this index. As during the eighth grade, the weight gain of boys increases significantly 

compared to the height gain, thus, BMI approaches the values of girls' body mass index at the 

end of the analysed period. 

Based on the subjects' physical nutrition ratings, BMI analysis was performed on the whole 

sample. The data obtained show that approximately the same distributions of the four nutrition 

categories were obtained in all grades (Graph 2). Subjects with normal body weight were the most 

prevalent. The number of undernourished children was mostly in the fifth grade, and this number 

decreased significantly with the transition to higher grades. The prevalence of overweight 

students (pre-treated and under-treated) has been reversed - their numbers have increased 

significantly with the transition to upper classes. Thus, in the fifth grade there were about 13% of 

overweight children (8% overweight and 4.9% obese), to about 20% of overweight adolescents 

in the eighth grade (14% overweight and 5. 8% obese). This practically means that every fifth 

student leaves the primary school as overweight. 
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Graph1: Distribution of physical nutrition of respondents of different grades. 

 
 
The proportion of adipose tissue in body weight 
 

The percentage of body fat in the total body weight was the only anthropometric variable for which 

statistically significant differences between males and females were obtained in all grades (Table 

8, graph 1).Girls in all grades had a significantly higher percentage of adipose tissue than their 

male peers. All values in all female age groups were above and in male groups below  20%. 

These values are completely consistent with the results obtained in previous studiesby Erdeljac, 

Rakovac i Petrić (2018.) and Fidler, et al. (2016). These differences in the percentage of adipose 

tissue in men and women persist for the rest of their lives. 

Table 8: Descriptive statistics for body fat percentage of subjects of different grade and sex and t-test results 
 

Grade Sex M (%) SD (%) SE N 

V Male 17,18 10,05 ,86 137 

 Female 21,98 12,62 1,03 149 

T-test t=-3,542* Sig.=,000 

VI Male 17,93 11,86 ,962 152 

 Female 24,28 11,09 ,947 137 

T-test t=-4,688* Sig.=,000 

VII Male 15,35 9,37 ,755 154 

 Female 25,93 9,67 ,829 136 

T-test t=-9,457* Sig.=,000 

VIII Male 15,57 9,80 ,809 147 

 Female 27,38 8,72 ,832 110 

T-test t=-10,014* Sig.=,000  

* Statistically significant difference. 

 
Waist circumference 
 
Although based on the level of significance (p <, 05), it could be concluded that the mean values 

of waist circumference of subjects of different ages and sexes differed significantly in sixth and 

eighth grade (Table 9), low partial eta-squared values (Table 10) do not support such a 

conclusion. This means that, despite the significant differences between arithmetic means in the 

two grades indicated, no significant influence of age and sex on the prediction of waist size of 

young adolescents included in this study was confirmed. The size of the waist seems to be much 

more dependent on the individual's genetic inheritance and the specific lifestyle of the subjects.   

 
Table 9: 
 Descriptive statistics for waist circumference by grade and sex of subjects. 

 

Grade Sex M (cm) SD (cm) SE N 

V Male 69,30 11,44 ,978 137 

 Female 67,43 12,16 ,996 149 
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T-test t=1,335 Sig.=,183 

VI Male 73,44 10,96 ,889 152 

 Female 70,07 10,42 ,890 137 

T-test t=2,670* Sig.=,008 

VII Male 74,31 10,77 ,867 154 

 Female 74,67 11,32 ,970 136 

T-test t=-,279 Sig.=,781 

VIII Male 78,61 10,47 ,86 147 

 Female 72,24 11,14 1,06 110 

T-test t=4,693* Sig.=,000  

* Statistically significant difference. 
 
Table 10 
 Indicators of the influence of grade and sex on explaining the differences between average values of waist circumference. 
 

Influence F Sig. Partial Eta Squared 

Interaction of factors 4,345 ,005 ,012 

Grade 22,553 ,000 ,057 

Sex 17,814 ,000 ,016 

 

Discussion 

Generally speaking, the results obtained are consistent with those of the majority of previous 

anthropological studies conducted on similar samples (Knezović Svetec, Guja, Torman, 2016; 

Petrić, Novak, Matković, Podnar, 2012). In this study it was confirmed that the age of the subjects 

had the most significant influence on the manifestation of body dimensions throughout the 

younger adolescent period. Furthermore, its influence was not reflected equally in all 

anthropometric variables. The importance of sex increased with maturation, that is, it was aligned 

with the specific hormonal development of boys and girls, which is more pronounced in the 

seventh and eighth grade. Differences, as expected, were most pronounced in the percentage of 

adipose tissue in the total body weight. It was also the only anthropometric variable in which girls 

in all classes had a statistically significantly higher proportion of adipose tissue than their male 

counterparts. Respondents' sex was not confirmed as a constantly significant predictor. 

 

Conclusion 

The results obtained in this study are in correspondence with current theoretical views and 

previous empirical data. It is confirmed that natural processes of growth and development are the 

most significant predictors of morphological characteristics of younger adolescents, whereas sex 

had no statistically significant influence on the differences between the average anthropometric 

dimensions.            
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