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Abstract:

Introduction: Studies point out to an increasing negative trend in the field
of eating habits and insufficient physical activity, especially in adolescent
population. The paper presents partial results of the research task supported
by the Slovak Research and Development Agency based on agreement No.
APVV-0768-11 titled ‘Physical, functional and motoric development of
high-school youth in relation to their physical activity’.

Aim: The aim of the study is to assess basic anthropometric parameters and
body constitution of male high-school students in the Presov region.
Material and methods: A non-randomized cross-section study in high-
school students from Eastern Slovak region was used. A research sample
consisted of 434 male adolescents aged between 15 and 18 years.
Prevalence of obesity was assessed according to Slovak National Reference
Standards. Identification of somatotype components was carried out
according to the method by Heath, Carter [9]. To assess statistical
significance of differences in somatotype components ANOVA (1x4) was
used.

Results: Using an intra-individual analysis, we identified 6.9 % of boys in
the zone of overweight and 8.5 % in the zone of obesity (> 97" percentile).
Average somatotype of the whole group was set as central, similarly as in
individual age categories. In the category of 15-years-old boys,
mesomorphic ectomorph shared the greatest proportion, namely 26.2 %. In
the category of 16-years-old boys, there were two dominant somatotypes,
ectomorphic mesomorph and mesomorphic ectomorph, proportion of which
was 16.2 %. Concerning the 17-years-old boys, endomorphic mesomorph
with its share of 16.5 % was dominant. It was similar to the category of 18-
years-olds, where the dominant endomorphic mesomorph achieved 21 %.
With increasing age, the proportion of mesomorphic component was getting
dominant; in addition, endomorphic component was increasing, as well.
Analysis of variance did not show any significant differences in the
comparison of somatotypes with respect to participants’ age.

Conclusions: Analysis of body constitution indicates increasing muscular
development in most of the tested adolescents along with increasing age;
however, it is accompanied by increasing fat component, as well.

INTRODUCTION

Many recent studies focused on physical activity and life-style point out to decrease of
physical activity, not only in adulthood but also in childhood. Active life-style remarkably
influences body composition and physical fitness [4]. Somatic growth and development, as an
elementary predictor of health, is especially determined by genetic, nutritional and
environmental factors, which also include social-economic and psycho-social environment. In
case of overweight, as a result of unhealthy life-style, the risk of chronical diseases appears
and the quality of life is deteriorated [23]; moreover, overweight or obesity in childhood
predisposes the occurrence of this unfavourable state in adulthood [6]. Research shows that
this negative trend is raising, especially in adolescent population. Since 1980 the prevalence
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of obesity has tripled [20]. Overweight and obesity in adolescents can also be attributed to
improper habits in family, lack of physical activity, frequent and long time spent watching
television or using computer and other negative effects of modern society [2]. Basic
anthropometric parameters include body height and body weight [10]. These parameters are
an inseparable part of calculation of other somatic parameters in several anthropometric
methods, for instance in setting somatotype. Monitoring individual somatic indicators can
reveal not only physical development of population but also health status, developmental and
growth patterns of population as well as the effect of external changes [12]. Body composition
can be significantly influenced by life-style; especially body fat is the most variable
component [24].0n the contrary, somatotype identifying the current morphological state of an
individual does not substantially change during ontogeny as about 70% of it is genetically
determined [29]. Although genetics significantly influences individual’s phenotype, the role
of life-style factors, such as nutrition, physical activity and health status, is more important

[3].

AIM
The aim of the paper is to assess basic anthropometric parameters and body constitution
of male high-school students in the Presov region.

MATERIAL AND METHODS

A non-randomized cross-section study in high-school students from Eastern Slovak
region was used. A research sample consisted of 434 male adolescents aged between 15 to 18
years. The participants’ average age at the time of measurements was 17.0 + 1.1 years,
average body weight 68.6 = 12.1 kg and average body height 177.0 + 6.4 cm. The research
group was divided into four subgroups according to their age. Basic somatic characteristics of
subgroups are listed in Table 1.

Table 1 Basic somatic characteristic of subgroups

Age Body weight Body height BMI
Age group (years) (cm) (kg) (kg.m?)
x S X S x S x S

15 year (n = 103) 15.6 0.3 64.5 11.1 1752 |6.2 21.0 3.3
16 year (n = 105) 16.5 0.3 68.6 12.9 1769 |6.2 21.9 4.1
17 year (n = 127) 17.5 0.3 69.3 11.8 1771 |65 22.1 3.3
18 year (n = 99) 18.5 0.3 71.8 11.8 1787 | 6.4 22.5 3.2
Total (n = 434) 17.0 1.1 68.6 12.1 1770 |6.4 21.9 35

At the beginning of measurement, participants’ basic somatic characteristics were
identified. Body height was measured using a portable stadiometer (SECA 217, Hamburg,
Germany) with an accuracy of 0.1 cm. Body weight measured with an accuracy of 0.1 kg
together with body fat percentage parameter was tested using digital scale InBody 230 device
(Biospace Co., Ltd.; Seoul, Korea).

Identification of somatotype components was carried out according to the method by
Heath — Carter [9]. In addition to basic somatology characteristics, to assess individual
somatotype components we measured thickness of four skin folds (triceps, subscapular,
supraspinale and medial calf) using Best calliper (Trystom, Olomouc, Czech Republic),
biepicondylar breadth of humerus and femur using a digital calliper with an accuracy of 0.1
mm and the flexed arm and calf girth in the greatest circumference using a tape measure.
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Somatotypes were further evaluated according to dominancy of respective components
and their mutual ratio. Values of somatotype components were set using Somatotyp 1.2.5 for
Windows software.

Prevalence of obesity was assessed according to Slovak National Reference Standards
based on the 7" National anthropometric survey 2011, which was carried out on
representative groups of boys in all age categories, taking into account eating habits and
demographic specifics. BMI value below the 25" percentile was classified as underweight,
BMI value between the 25" and 75" percentile was classified as proportional, between the
75" and 90™ percentile it was assessed as plump, between the 90 and 97" percentile it means
being overweight and value exceeding 97" percentile indicates obesity. The participants were
assessed in regard to their age since the level of the degree of obesity (BMI value) is shift in
relation to participant’s age.

Measurements were taken according to the ethical standards of the Declaration of
Helsinki [8]. Participant’s legal representative (in the case when a subject was younger than
18 years) or participants (in the case when a subject was older than 18 years) received a verbal
description of the study procedures before testing and completed a written informed consent
that was approved by the ethical committee of University of Presov.

Collected data were subjected to statistical analysis. From methods of descriptive
statistics we used the mean as a measure of central tendency and standard deviation. The
statistical significance of differences in somatotype components of the participants was
identified based on results of One way analysis of variance (ANOVA 1x4). Null hypothesis
on the equality of variance was assessed at a level of significance a = 0.05.

Statistical analysis was carried out using IBM SPSS Statistics, version 20 (IBM SPSS Inc.,
Chicago, IL).

RESULTS

Table 2 presents reference values of descriptive characteristics of basic somatic
indicators according to the 7 National anthropometric survey 2011. Based on the values
mentioned in Table 1 compared with the reference values, we can state that average values of
body height, weight and BMI of boys in individual age categories take place at the level from
the 50" to 70" percentile, i.e. in the zone of medium body height and normal weight. Average
values of the monitored indicators increased with higher age.

The comparison with the results of the 7" National anthropometric survey 2011 (Table
2) indicates that average values of the monitored anthropometric parameters of boys in
individual age categories are lower than reference values.

Table 2. Reference values of basic somatic characteristics (7" National anthropometric survey 2011)

15 years 16 years 17 years 18 years
BH BW | BMI BH BW | BMI BH BW | BMI BH BW | BMI

(cm) | (kg) | (kg/m?) J (cm) | (kg) | (kg/m?) | (cm) | (kg) | (kg/m?) | (cm) | (kg) | (kg/m?)

x | 175.8 | 66.0 | 21.3 177.6 | 69.2 | 21.9 1784 | 72.1 | 22.6 1793 | 741 | 23.1
s |76 129 | 35 7.1 12.6 | 3.6 7.1 13.0 | 3.6 6.7 12.2 | 3.6

Table 3 presents percentage of boys in individual percentile zones according to BMI.
Analysis of BMI values shows that 52.5 % of the tested group of boys take place in the zone
of normal weight (25" — 75™ percentile). The greatest representation was found in the 16-
years-old boys, 57.1 %, and the lowest, 44.7 %, in the 15-years-olds. In the zone of
underweight (< 25th percentile), 19.8 % of boys were found, while the greatest representation
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was in the category of 17-years-old boys, namely 22 %. In the zone over the 75t" percentile,
27.6 % of boys were placed, out of whose 12.2 % were plump, 6.9 % were overweight and
8.5% were obese. The 15-years-old boys had the greatest share, when more than a third of
them took place in the zone over the 75" percentile, namely 34 %. Similarly, in the same age
category, there was the greatest representation of plump and overweight subjects, 16.5 % and
9.7 %. The greatest proportion of obese boys, 10.5 %, was detected in the category of the 16-
years-old boys.

Table 3 Percentage of boys in the percentile zones according to BMI

BMI 15y 16y 17y 18y Total

n % n % n % n % n %

Under the 25th  percentile -

. 22 (214 |17 |16.2 |28 |22.0 |19 |19.2 |86 [19.8
underweight

Under the 75th  percentile -

proportional 46 |44.7 |60 |57.1 (69 |54.3 |53 |53.5 (228 |52.5

Under the 90th percentile - plump 17 |165 (12 114 |12 |94 (12 |12.1 |53 |12.2

Under the 97th percentile -

. 10 (9.7 [5 |48 |8 (63 (7 |71 |30 |69
overweight

Over the 97th percentile - obesity 8 (7.8 |11 |105 |10 |79 |8 |81 |37 |85

From the perspective of increasing age, we observed a diverse progress of prevalence of
overweight and obesity. Concerning overweight, in 16-years-old boys we recorded its
decrease in comparison to the 15-years-olds; however, overweight in 17 and 18-years old
boys increased to 6.3 %, 7.1 % respectively. In case of obesity, values in 15, 17 and 18-years-
old boys ranged between 7.8% and 8.1%.

When assessing somatotypes, average somatotype in the category of 15-years-old boys
was central somatotype, 3-3.8-3.6. The category 4 — mesomorphic ectomorph had the greatest
percentage proportion, namely 26.2%. Average somatotype of 16-years-olds was 3-4-3.3,
central somatotype. The greatest proportion, 16.2%, was found in category 2, ectomorphic
mesomorph and category 4, mesomorphic ectomorph. Average somatotype of 17-years-old
boys was 3-4.3-3.2 central somatotype and the greatest proportion, 16.5 %, was detected in
somatotype 12, endomorphic mesomorph. In the category of 18-years-old boys, average
somatotype was central somatotype, 3.2-4.2-3.7, while the category 12, endomorphic
mesomorph, had the greatest proportion, namely 21.0 % (Table 4).

Table 4 Somatotypes of the tested group

Somatotype 15y 16y 17y 18y Total

average 3-3.8-3.6 | 3-4-3.3 3-4.3-3.2 3.2-4.2-3.7 3.0-4.1-34

category  with  highest 4 2.4 12 12 4
percentage

Note: 4 - mesomorphic ectomorph, 2 - ectomorphic mesomorph, 12 - endomorphic mesomorph

Average somatotype of the whole group was central somatotype, with the greatest
share of somatotype category 4, mesomorphic ectomorph, with its 18.4 % (Figure 1).
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Figure 2. Average somatotypes of boys in different age categories

With increasing age, proportion of mesomorphic component was largely dominant. Up
to the 17" year, its value was gradually increasing when in the 18" year, we recorded its slight
decrease. Concerning the endomorphic component, we observed its gradual increase, when
the noticeably highest value was found in the 18" year. On the contrary, in younger age
categories, the ectomorphic component prevailed, which decreased with increasing age up to
the 17" year. Interestingly, in the 18" year, we recorded the highest values (Figure 2).
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Figure 3. Representation of somatotype components in boys with respect to age

Based on statistical processing, we can state that One way analysis of variance (ANOVA 1x4)
did not show any significant differences in comparison of somatotype components with
respect to participants’ age. Results of the analysis of variance are listed in Table 5.

Table 5 Results of analysis of variance with respect age category (ANOVA 1x4)

Sum of Squares |df Mean Square  |F Sig.

Between Groups  J2.535 3 0.845 0.264 0.851
Endomorphy Within Groups 1380.189 431 3.202

Total 1382.723 434

Between Groups  [12.223 3 4.074 1.541 0.203
MesomorphyWithin Groups 1139.285 431 2.643

Total 1151.508 434

Between Groups  [17.463 3 5.821 0.903 0.440
Ectomorphy Within Groups 2778.537 431 6.447

Total 2796.000 434
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DISCUSSION

In the group of boys, we observed continuation of the increasing trend when body
height and body weight increased with higher age. In comparison to the previous
measurements, the recorded values of BH and BW are lower in all age categories, which
could indicate a slowing secular trend. Also BMI values decreased in comparison to tests
carried out in 2011. Calculation of BMI for the adult category is given but assessment of
children and youth is different when compared to adults. BMI in children and adolescents is
assessed using percentile graphs. BMI in adolescents up to 20 years is calculated according to
the identical formula then for adults but it is further evaluated according to percentile, the
value of which is assessed according to graphs which are renewed every ten years. However,
[17] notes that evaluation of graphs differentiates sex because physical development of boys
and girls considerably varies. Concerning BMI, our tested boys did not take place in the risk
group, according to [22], who set standards separately for boys and girls in age categories
from 14 to 18 years beginning at the BMI value of 25.5. Anthropometric measurements
carried out on the representative group of Slovak children and youth aged between 7-18 years
in 2011 indicate that acceleration trends in the mentioned population groups, as well as
secular trend are slowing. In 2011, accelerated increase appeared in values of body weight
with slowing growth which was reflected in significant increase of average values of BMI in
all categories and also in greater circumferential measures [34].

In our group, we have not observed such situation. Values of body weight, similarly to
body height, were lower in all age categories when comparing tests carried out in 2011 and
2013 [1, 13]. In spite of that, according to Nes¢akova et al. [18], overweight in the group of
15-years-old boys was represented by 16.7 % and obesity by 3.3 % of boys. This indicates
that the tested boys achieved higher values of body weight and obesity than the group of
Czech and Slovak children tested in the past. This fact points to continual growth acceleration
which is probably related to nutrition and physical activity, i.e. inactivity, of children.

According to recent available statistics, 12.7 % of boys aged between 7 and 18 years are
overweight. The higher degree, obesity, occurs in 8 % of boys. ,,Endogenous obesity is rather
exceptional; according to literature it only makes 4 % of overall prevalence of childhood
obesity“. The absolute majority (96 %) is thus represented by so called exogenous childhood
obesity, which is caused by poor eating habits, improper life-style and lack of physical
activity [31].

So far, there has not been any study on data representing the area of Slovak Republic
that would be also processed according to IOTF guidelines. The authors of the recent
international overview report 12 % for overweight or obese children aged 7-11 and 8 % for
youth aged 14-17 years (2013) [5]. Since proportionality changes during ontogeny, indices
provide good information value on child’s development [25]. BMI is the most commonly
used for assessing the ratio between body height and body weight. However, the value of
index significantly varies in children and youth [28]. Furthermore, childhood overweight and
obesity using these BMI thresholds is predictive of adult obesity [7]. The secular trend of
increased values of body height in the 18" year has been observed in most of European
countries since the end of the 19" century. Increase by 1 — 3 cm over the decade was reported.
It was attributed to better living conditions, especially nutrition, health status of children,
hygiene and reduction of family members. Results of the last measurements showed
continuation of this trend in some countries (Netherlands, Germany, USA, Canada, Brazil,
China, Malaysia) and, on the contrary, it’s stopping in some Scandinavian countries, Poland,
Czech and Slovak Republics [27]. The detected trend of increasing body weight in the
monitored age groups of children and youth in Slovakia is similar as in other European and
world countries; in comparison to previous decades, it is more remarkable and unfavourable.
Childhood obesity is an acute health crisis. Approximately 20 % of children are overweight

88



Scientific Review of Physical Culture, volume 5, issue 4

and the third of them is obese [32]. It is estimated that up to 155 million of children and
adolescents in world are overweight or obese [33]. The prevalence of childhood overweight
and obesity is rapidly increasing in USA, Canada, Australia, Great Britain, Czech Republic,
Italy and other European countries. Obesity is a multifactorial disease [19] and over the past
decades it has reached a pandemic state by doubling its worldwide prevalence [30].
Prevalence of obesity is high as more than a half of world population is overweight or obese
and it is ,,epidemically” increasing. Over the last years, obesity increased by about 10 — 40 %
in most of European countries. 30 — 80 % of adult population in Europe is overweight.
Average values of BMI in this region approach the value of 26.5. More than a third of adult
population in this region is obese. The critical period in the prevalence of obesity is the
beginning of school attendance and the period just before puberty, taking into account sex
specific differences [11, 14].

Authors [15, 16, 21] state that adolescence is a critical period for development of
obesity and it is the base of civilisation diseases. They also warn of increasing body weight of
youth, mainly determined by increased body fat. According to Sorof et al. [26], the risk of
hypertension is almost doubled in children placed over the 90" percentile due to overweight
(23 %) than in children at the level of the 75" percentile (12 %). In case of obesity, over the
95" percentile, it is almost tripled (34 %) than in children at the 75" percentile. Regarding the
prevalence of obesity in the Slovak population, it is believed to be in 12 % of children at
school-age with its prevalence between 10 — 14 %, when the lower value is for children living
in village and the higher number for those in cities http://www.zzz.sk/?clanok=11577.
Gradual increase of the mesomorphic component points to muscular development, which is
associated with maturation of the male organism and formation of typical male stature.
Gradual decrease of the ectomorphic component due to slowing growth is also characteristic.
However, an accompanying phenomenon is the increase of the fat component, which was
observed in terms of higher values of the endomorphic components in adolescents. It is
related to the need of effective intervention in terms of promotion of active life-style already
in this age category. In this period, the greatest development of physical and mental skills is
finished. The muscle mass is developed and typical male stature is formed [1, 13].

CONCLUSIONS

Assessment of the state of physical development is very important from the perspective
of monitoring developmental trends of youth, which provides the basis for development of
national standards. The position of Slovakia, in comparison to other European countries, is
very good, when the prevalence of obesity is not epidemic, which was also confirmed by our
measurements. ldentifying somatotype plays an important role in examining proportion and
development of individual body components, which enables us to comprehensively assess
physical development from the perspective of relations among them.
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