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ABSTRACT

Background. Body height and weight are somatic qualities largely determined by genetic factors. These qualities are also
modified by the factors of external environment which have a higher impact on body mass rather than height.
Objective. The aim of the research was to identify the prevalence of disorders related to body mass / height ratio in children residing in
areas of diverse population numbers. A reconnaissance of cross-environmental diversification of the BMI value was also conducted.
Material and Methods. The sample consisted of 593 healthy children (314 boys; 279 girls) aged 7 from large city (Wrocław),
small city (Polkowice) and rural environment (villages in the Lower Silesia) in Poland. Body height and weight were measured
using standard procedures and body mass index (BMI) was calculated. Children’s BMI categories were defined using IOTF cutoff points. Statistical analysis was carried out using ANOVA. Differences were considered significant at p < 0.05.
Results. The data analysis showed a general lack of significant cross-environmental and cross-gender differences in mean
values of BMI among the studies girls and boys. Prevalence of children with abnormal body mass residing in areas of
diverse degree of urbanisation varies from 20% to 28%. Prevalence of underweight in 7-year-old children is intensified
particularly in urban environment where it occurs in a degree comparable to overweight (9.4% vs 10.7%).
Conclusions. The observed not significant differences in BMI means in the 7-year-old children, indicate the disappearing of
disproportions in basic somatic parameters between children from environments of different urbanisation degree. Underweight
is found in 6%-12% children, which is particularly intensified in urban environment where it occurs with prevalence
comparable to the phenomenon of overweight. This suggests the need to introduce intervention measures aimed at increasing
the consciousness of parents in terms of effects of malnutrition in the contexts of health risks for a developing child.
Key words: children, underweight, overweight, obesity, rural and urban areas

STRESZCZENIE

Wprowadzenie. Wysokość i masa ciała to cechy somatyczne w znacznym stopniu determinowane przez czynniki genetycznie. Cechy te są modyfikowane także przez czynniki środowiskowe, które wywierają większy wpływ na masę ciała
niż wysokość ciała.
Cel. Celem badań było rozpoznanie częstości występowania zaburzeń w relacji masy do wysokości ciała u dzieci
zamieszkujących obszary zróżnicowane pod względem liczby mieszkańców. Przeprowadzono także rozpoznanie
zróżnicowania międzyśrodowiskowego wartości wskaźnika masy ciała BMI.
Materiał i metody. Badaną grupę stanowiło 593 dzieci (314 chłopców i 279 dziewcząt) w wieku 7 lat pochodzących z dużego miasta (Wrocław), małego miasta (Polkowice) i obszarów wiejskich (wsie Dolnego Śląska). U badanych dokonano pomiarów wysokości i masy ciała, które posłużyły do wyliczenia wskaźnika masy ciała BMI. W celu określenia częstości występowania niedowagi,
nadwagi i otyłości, użyto wartości graniczne wskaźnika BMI dla dzieci i młodzieży zaproponowane przez Cole‘a i wsp. oraz zalecane przez IOTF. Analizę statystyczną przeprowadzono przy użyciu ANOVA. Różnice uznano za istotne statystycznie dla p <0,05.
Wyniki. Największy procentowy udział dzieci z rozpoznaną otyłością i nadwagą (łącznie ponad 20%) zaobserwowano w środowisku wiejskim. Największe nasilenie zjawiska niedowagi wśród dzieci badanych w poszczególnych środowiskach, zaobserwowano wśród polkowickich dziewcząt (11,9%), a najmniejszy wśród wiejskich chłopców (5,6%). Analiza danych
wykazała na ogół brak istotnych różnic międzyśrodowiskowych i międzypłciowych w przeciętnych wartościach wskaźnika
masy ciała BMI badanych dziewcząt i chłopców.
Wnioski. Różnice międzyśrodowiskowe dotyczące wskaźnika masy ciała BMI badanych dzieci 7-letnich są słabo uwidocznione, co wskazuje na zanikanie dysproporcji w podstawowych parametrach somatycznych między dziećmi ze środowisk o różnym stopniu urbanizacji. Niedowagę stwierdzono u 6% -12% dzieci, co jest szczególnie nasilone w środowisku
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miejskim, gdzie występuje z częstością porównywalną ze zjawiskiem nadwagi. Sugeruje to potrzebę wprowadzenia środków interwencyjnych mających na celu zwiększenie świadomości rodziców w zakresie skutków niedożywienia w kontekście zagrożeń dla zdrowia dziecka.
Słowa kluczowe: dzieci, niedowaga, nadwaga, otyłość, wiejskie i miejskie obszary

INTRODUCTION
Dynamic increase of number of people with
abnormalities in terms of body height / weight ratio
constitutes one of the main problems of prevention
of diseases of affluence. Particularly the phenomena
of overweight and obesity among the population of
different countries have become the main subject
analysed in numerous epidemiology research, since the
excess of fat tissue accumulated in the organism is often
accompanied by numerous diseases such us arterial
hypertension, diabetes, degenerative changes of motor
system and some types of cancer [1, 2, 35].
According to the Central Statistical Office (Statistics
Poland, GUS) [12, 13, 14], prevalence of adults with
identified obesity systematically increases. In the 1990s,
the rate of obese men was at 10.3% of Polish population,
and 12.4% for women. In 2004, the number of obese
men increased to 12.6% while the percentage of obese
women remained on a level comparable to previous years
- 12.5%. The results of studies conducted in the following
years - 2009 and 2014, show a steady and continuous
increase of number of people with obesity [13, 14]. In
2009, 16.6% of obese men were noted, while in 2014
this group constituted 18.1% of male Polish population,
whereas among women the percentage of obesity
increased from 15.2% to 15.6%.
The problem related to the increasing number of
people with excessive body weight in Poland is far more
exposed in summaries concerning the identification of the
phenomenon of overweight understood as a state leading to
obesity. The analysis of data received in the years of 1996
- 2014 indicates that the percentage of overweight people
increased in men from 18.7% to 44.1%, and in women
from 14.2% to 30.1%. The presented data identifies men as
a group of a higher risk of excess body weight prevalence.
These observations seem to find confirmation also in
the population of children and youth, since the results of
HBSC’s studies conduced in Poland in 2014 showed that
the problem of increased body weight more often concerns
boys (overweight - 15-16.3%, obesity - 3.0-4.2%) than
girls (overweight - 5.5-13.6%, obesity - 0.8-1.5%) [29].
Among the leading factors contributing to the increasing
number of people with excess body weight indicated are
the following: increased consumption of high-calorie foods
and a low level of physical activity [3, 4, 19, 22, 31, 32, 34].
In less numerous cases, excessive body mass is conditioned
genetically (e.g. leptin deficiency), is endocrine-related
(e.g. hypothyroidism, growth hormone deficiency) or is
related to intake of a certain group of medications [23, 32].

Among issues concerning body mass, the phenomena of
overweight and obesity are widely commented on and arise
significant interest of researchers, whereas less attention is
given to the problem of an insufficient body mass.
Underweight in children and youth most often
results from deficiency of nutritional, energy and
structural substances, and is related to the risk of
disorders in psychophysical development. In children
with malnutrition we often observe a significant delay
of growth rate, hormonal changes in the body, delayed
development, or increased risk of infections [5, 21].
Malnutrition in childhood can leave negative health
effects observable also later in life.
On a global scale, the problem of insufficient body
mass is exposed mainly in the context of malnutrition
resulting from socio-economic conditions, an occurrence
observed in people living in the countries of a low
economic growth index. In highly developed countries,
the problem of insufficient body mass is conditioned
mainly by cultural factors, such as value system or
traditions, customs and social models [5, 28]. One of
the reasons behind a significant body thinness is thought
to be a set of risky health behaviour inspired by current
fashion related to excessive care of body, including selfperception of body mass and the resultant decisions such
as reduction diets without specialist assistance, conscious
and timely cessation of food consumption (so-called
starvation diet), as well as reaching for pharmaceuticals
assisting weight loss [8, 9, 10, 25, 26, 28].
In the country-wide research conducted in the
years of 2007-2009 among children and youth aged
6-19, body mass deficiency was found in 13.7% of
girls and 10% of boys [15]. A similar percentage of
underweight children is also indicated by the results
of studies conducted in the years of 2005-2006 among
children and youth of Warsaw schools, which show
that insufficient body mass occurs in 13.9% of girls
and 6.4% of boys (similarly to previous years of 19902000, respectively: 7.9% and 13.6%) [5].
Many researchers working with identifying the
significance of environmental factors on developing
body highlight that larger agglomerations create more
favourable conditions for the processes of growth of
young generations [17, 18, 21, 30]. Dynamic economic
growth observable in Poland and digitalisation
can contribute to decrease of multi-aspect crossenvironmental diversification.
The goal of the research was to identify the
prevalence of disorders related to body mass/height
ratio in children residing in areas of diverse population
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numbers. A reconnaissance of cross-environmental
diversification of the BMI value was also conducted.

MATERIAL AND METHODS
The collected research material was used to
conduct comparative analysis of the results of 593
children (314 boys and 279 girls) aged 7 ( x = 7,07
± 0,25 years), in public education facilities within the
Lower Silesia region in Poland.
After detailed discussions with the management,
applications of educational institutions for taking part
in the research were accepted. The randomness of
sampling was conditioned by the consent of parents
or legal guardians to the participation of children
in research. The research group representative of
a large city comprises of children from 17 educational
institutions different districts of Wrocław, whereas the
representatives of small-city environment are pupils of

all first grades in primary schools located in Polkowice.
The third comparative group comprises of first grade
pupils of primary schools located in the villages of
Legnica-Głogów Copper Belt (LGOM) such as: Brzeg
Głogowski, Kotla, Kromolin, Nielubia, Rosochata,
Rzeszotary, Spalona.
The results of basic somatic measurements were
subjected to analysis - body height and weight, values
of which were used to calculate the Body Mass Index
(BMI). Children studied were dressed in light clothing
and during the measurements did not wear shoes.
Height was measured with anthropometer, and results
were read with accuracy of 0.1 cm. Body weight
measurement were made with the use of an electronic
scale, and data were recorded with the accuracy of
0.1 kg. The results of somatic measurements are
presented in Table 1. The research was conducted at
the beginning of a school year and took place during
the first half of the day (before noon).

Table 1. Somatic characteristic of studied children grouped according to the place of residence and gender
Body height
Body weight
BMI
2
Gender
Place of
[cm]
[kg]
[kg/m
]
N
groups
residence
x
x
x
sd
sd
sd
Boys
Girls

Big city
Small town
Villages
Big city
Small town
Villages

83
160
71
76
143
60

124.37
125.10
123.72
122.68
123.50
123.20

BMI value was subjected to classification taking
into account international norms developed by Cole
et al. [6, 7, 11] and those recommended by IOTF;
International Obesity Task Force (Table 2).
Identifying 6 weight-height ratio categories (3
degrees of thinness, normal body mass, overweight,
obesity), enabled conducting cross-environmental
comparison of children with abnormal mass proportions
in relation to body height. In order to statistically
characterise the chosen somatic parameters, the
following values were determined: arithmetic average,

5.20
5.83
5.49
4.53
5.79
5.60

24.57
25.64
25.68
24.35
24.67
24.42

3.61
5.51
5.67
4.01
5.11
4.29

15.84
16.25
16.66
16.12
16.04
16.02

1.73
2.45
2.08
2.05
2.25
2.14

standard deviation, coefficient of deviation, minimal
and maximal value. A summary of mean values of
the analysed somatic parameters and the BMI was
made between the gender and environment groups
(analysis of variance, Wilks’ lambda test, post-hoc
comparisons: NIR test). The determined level of result
significance was α=0.05. Calculations were conducted
in the Department of Statistical Analyses of the Central
Science and Research Laboratory of the University of
Physical Fitness in Wrocław, with the use of Statistica
software version 13 (StatSoft Polska).

Table 2. Classification of children’s Body Mass Index (BMI) by age and gender
International classification of BMI for children
Recommended by International Obesity Task Force (IOTF)
Age
Thinness
Thinness
Thinness
Normal range
Overweight
grade 3
grade 2
grade 1
(years)
BMI cut-off points for boys
6.5
12.45
13.10
14.04
14.05 – 17.70
17.71
7.0
12.42
13.08
14.04
14.05 – 17.91
17.92
7.5
12.41
13.09
14.08
14.09 – 18.15
18.16
BMI cut-off points for girls
6.5
12.28
12.90
13.82
13.83 – 17.52
17.53
7.0
12.26
12.91
13.86
13.87 – 17.74
17.75
7.5
12.27
12.95
13.93
13.94 – 18.02
18.03

Obesity
20.23
20.63
21.09
20.08
20.51
21.01
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RESULTS
The analysis of values of the BMI in 7-year-old
children in categories of underweight and overweight
showed the highest percentage of subjects with excessive
body weight in countryside environment (Figure 1);
both in boys (21.1%) as well as in girls (20.0%).
The highest intensity of overweight among the
children studied in each environment, was observed
among girls from Polkowice (11.9%), and the lowest
among countryside boys (5.6%).

Detailed analysis of BMI values (6 categories),
enabled, among others, to observe the occurrence of
obesity. The highest percentage of children studied
in this category, i.e. 8.5% was found in village boys
(Table 3), however an individual value of BMI - 27.77
kg/m2 (significant obesity was noted in the group of
Polkowice boys (Table 3). Comparisons conducted
among other studied children with higher body mass
showed, similarly as in the category of obesity, the
highest percentage of overweight children in village
environment (18.3% of girls and 12.7% of boys).

Place of residence

Table 3. Numeric and percentage characteristic of 7-year-old children in individual categories of BMI
Thinness
Thinness
Thinness
Normal
BMI Classification
Overweight
grade 3
grade 2
grade 1
weight
n
%
n
%
n
%
n
%
n
%
Boys
Big city
0
0
1
1.2
7
8.5
68
81.9
5
6.0
Small town
1
0.6
3
1.9
10
6.3
124 77.5
11
6.9
Villages
0
0
0
0
4
5.6
52
73.2
9
12.7
Girls
Big city
0
0
1
1.3
6
7.9
59
77.6
7
9.2
Small town
0
0
5
3.5
12
8.4
99
69.2
20
14.0
Villages
1
1.7
0
0
5
8.3
42
70.0
11
18.3
Overall sample
Big city
0
0
2
1.3
13
8.2
127 79.9
12
7.6
Small town
1
0.3
8
2.6
22
7.3
223 73.6
31
10.2
Villages
1
0.8
0
0
9
6.9
94
71.8
20
15.3

Obesity
n

%

2
11
6

2.4
6.9
8.5

3
7
1

4.0
4.9
1.7

5
18
7

3.1
5.9
5.3

studied girls and boys (Figure 2), while statistically
significant differences were observed only between
countryside and Wrocław boys (NIR test; p=0.0263).
Neither were statistically significant differences
obtained in the analysis of the body mass value both
between environmental as well as gender groups
(Figure 3), whereas body height is significantly
different only between girls and boys from Polkowice
(test NIR; p=0.0118), but is not a significant parameter
differentiating subjects in terms of the place of
residence (Figure 4).
Figure 1. The structure of studied groups of 7-year-old
children, taking into account the assumed main
categories of BMI (underweight: combined
categories of thinness 1, 2, 3; overweight: combined in categories of obesity and underweight)

The lowest BMI value at 12.07 kg/m2 (extreme
thinness of third degree) was noted in the group of
countryside girls. Whereas the highest percentage of
children with low not-recommended body mass was
observed in the category of the first degree of thinness
(Table 3), depending on the place of residence it ranged
between 5.6% (countryside boys) to 8.4% (Wrocław
boys and Polkowice girls).
Data analysis showed no cross-environment
and cross-gender differences in BMI values of

Figure 2. Body Mass Index values of 7-year-old children
in the categories of gender and environment
(vertical bars signify the confidence intervals of
0.95; *p<0.05 – statistically significant difference;
p>0.05 – no statistically significant difference)
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Figure 3. Body mass values of 7-year-old children in the
categories of gender and environment (vertical
bars signify the confidence intervals of 0.95;
p>0.05 – no statistically significant difference)

Figure 4. Body height values of 7-year-old children in the
categories of gender and environment (vertical
bars signify the confidence intervals of 0.95;
p>0.05 – no statistically significant difference)

DISCUSSION
The research conducted in Poland concerning
the basic somatic parameters such as body weight
and height and evaluation of their corresponding
proportions with the use of the popular BMI, focus on
aspects related to differences between gender groups
[5] and broadly-understood environmental factors [21,
27] including the studied person’s identification with
a specific region of Poland [21, 15] or area of diverse
urbanisation level [16].
The conducted analysis of weight to height
proportions of 7-year-old children at the very
beginning of school education, indicated prevalence
of insignificant cross-environmental diversification of
studied children residing in areas differing in terms of
population density.
Boys from countryside environments, compared to
urban groups (Polkowice, Wrocław), are characterised
by a smaller height and higher body weight, which
eventually has affected statistically significant differences
in average values of BMI which were observed only
between countryside and a city group (Wrocław).

The reasons behind such a state of affairs can be
found in widely observable tendency for a decreased
level of physical activity, in 7-year-old countryside
children conditioned perhaps by a limited access
to sport and leisure facilities or spaces facilitating
engagement in diverse forms of movement [24]. It
is commonly known that there are less possibilities
of participation in organised sport classes due to
difficulties related to the necessity to commute to larger
centres. The reason can also be lack of possibility
for participation in movement activities for schools
and local environment for children of lower grades,
and consequently spending free time passively, most
often with multimedia devices commonly used for
entertainment purposes [20].
The observable blurring of cross-environmental
differences in Poland is visible also in the results of
studies by Oblacińska et al. [27] conducted among
15-year-old children. On the basis of the results of
the studies, the place of residence was not indicated
as a differentiating factor for occurrence of excessive
body mass. It was determined, however, that excessive
body thinness is more visible in the urban rather than
rural environment, which corresponds to the results
of our analysis which points to the prevalence of
underweight in circa 10% of children studied from
urban environment (Polkowice, Wrocław) and 7%
from rural environment.
On the basis of results of Szponar and Ołtarzewski
[33], a forecasted direction of changes in prevalence
of underweight in further years of life presumes that
we will see an increasing tendency in girls before
puberty (ca. 12-years-old), whereas in boys together
with advance of physiological maturing and growth
processes, number of children with body mass
deficiency will decrease.
Among the 7-year-olds studied, the highest
percentage of the most desired (mainly for health
reasons) body mass / height proportions was observed
in children residing in a large city area (Wrocław).
Almost 82% of boys and over 77% percent of girls
in the studied development period (early school years)
are characterised by the normal body mass. As shown
by the results of studies by Gurzkowska et al. [16], it
is the group of city boys who in the following years
of life, i.e. the period of school education, will be
exposed to the risk related to excessive body weight,
and thus will require increased attention in taking up
preventive measures.

CONCLUSIONS
1. In each of the Lower Silesia environments

(Polkowice, LGOM villages, Wrocław) there
were children characterised by abnormal body
mass not-recommended for health reasons. These
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children, both in the scope of increased body
mas (overweight and obesity) as well as in very
low values thereof (not-recommended thinness)
comprised from 20% to 28% of studied population.
The scale of observed occurrence indicates the
need for education among parents and teachers
about the objective methods of evaluation of
human body proportions and importance of the
children’s body proportions for current and future
health condition.
2. The phenomenon of underweight is particularly
intensified in urban environment where it occurs
with prevalence comparable to the phenomenon of
overweight, which suggests the need to introduce
intervention measures aimed at increasing the
consciousness of parents in terms of effects of
malnutrition in the contexts of health risks for
a developing body.
3. Cross-environmental differences (large city, small
city, village) concerning of medium values of the
body mass index of the studied 7-year-old children
are not prominent.
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