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AbstrAct: This study sought to evaluate the number of those overweight and the rate of obesity among 6- 
and 7-year-olds living in Poland with regard to their place of residence, the parental level of education and 
the number of children in the family. The analysis was based on a survey of 64 544 children (33 051 boys 
and 31 493 girls) living in Poland. Overweight and obesity were defined based on body mass index (BMI) 
using the IOTF cut-off points. To evaluate the rates of overweight and obesity occurrence in children with 
regard to family socio-economic status, parental level of education, the number of children in the family, 
and the place of residence (divided into city and village) was used. ‘Only children’ were the most likely 
group to be overweight or obese. These children were twice as likely to be obese as their peers living in 
families with four or more children. Overweight and obesity occurred more often amongst children living 
in cities rather than those living in rural areas. Moreover, these conditions were more frequent among chil-
dren whose parents had higher levels of education. The most significant predictors of childhood overweight 
and obesity were the number of children in the family and the educational level of the mother. 

Key words: body mass index, 6- and 7-year-olds, socio-economic factors

Introduction

Over recent decades, many countries 
throughout the world have witnessed a 
steady increase in the number of people 
with excess body weight. This problem 

has intensified over time: the number 
of people who are overweight or obese 
has clearly increased over consecutive 
age groups (Krawczyński et al. 2003, 
Dollman and Pilgrim 2005, Kozieł et al. 
2006, O’Neill et al. 2007, Olds 2009; 
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Kaczmarek et al. 2015). These problems 
affect younger children, adolescents 
and adults in developed and develop-
ing countries as well (Kalies et al. 2002, 
WHO 2003, Branca et al. 2007, Rodrigo 
2013, Gomuła at.al. 2015). The study of 
the frequency of overweight and obesity 
occurrence among children and adoles-
cents in 34 European countries in rela-
tion to the economic status of regions 
has shown significant differences. Chil-
dren from less affluent families in 21 of 
24 Western and 5 of 10 Central European 
countries were at a higher risk of becom-
ing overweight (Due et al. 2009). 

Currently, childhood overweight and 
obesity are more frequently analysed than 
malnutrition, not only in Poland but in 
other developed countries as well (Gupta 
et al. 2012, Ng et al. 2014). However, the 
data analysis of age-standardised mean 
BMI for children and adolescents from 
200 countries reveals that underweight 
significantly exceeds obesity. The pooled 
study shows that in 2016 75 million girls 
and 117 million boys worldwide were 
moderately and severely underweight. 
In the same period, 50 million girls and 
74 million boys worldwide were obese 
(NCD Risk Factor Collaboration 2017). 
The health and social consequences of 
both of these conditions are significant. 
Overfeeding and the excessive growth of 
adipose tissue in young children burden 
their bodies and lead to a variety of health 
problems that can manifest themselves 
during adolescence or many years later 
(Geiẞ et al. 2001, Brouwer et al. 2013). 
Body fat is strongly associated with total 
cholesterol and high-density lipoprotein 
(HDL) cholesterol (Rush 2009). Impor-
tantly, excess body weight predicts not 
only medical problems in children but 
also social and educational ones (Jans-
sen et al. 2004). Additional factors such 

as school stress and low self-esteem can 
contribute to the development of obesity 
among children and adolescents (Kark et 
al. 2014). 

Genetic factors, maternal obesity dur-
ing pregnancy (Taylor et al. 2014) and 
weight gain in early infancy (Wijlaars et 
al. 2011, Labayen et al. 2012) only par-
tially explain the development and emer-
gence of overweight and obesity among 
children. The neighbourhood environ-
ment (Sherburne et. al. 2009), lifestyle 
aspects, including diet (Lin et al. 2007, 
Henneberg and Grantham 2014, Horsch 
et al. 2015), physical activity level (Jans-
sen et al. 2005, Ara et al. 2007, Lioret et 
al. 2007, Matton et al. 2007, Cleland et al. 
2008, Boles et al. 2013, Lee et al. 2015), 
and sedentary behaviours (Jargo et al. 
2005, de Jong et al. 2011) are of great-
er importance. However, these elements 
depend heavily on the social, economic 
and cultural conditions in which the fam-
ily lives (Albertini et al. 2008, Lämmle 
et al. 2012). The diets and other behave 
connected to the health of young chil-
dren are almost entirely decided by their 
parents (Campbell et al. 2006, Cullinan 
and Cawley 2017). Thus, it is important 
to determine the scale of the problems of 
overweight and obesity among the youth 
based on the disparate social and family 
groups in which children develop. 

This study aimed to evaluate the rates 
of overweight and obesity occurrence 
among 6- and 7-year-olds living in Poland 
with regard to selected socio-economic 
(parents’ level of education, number of 
children in the family) and demographic 
factors (place of residence). 

Methodology
The study material was obtained from 
research conducted within the frame-
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work of a national project entitled, 
“The six-year-old at the beginning of 
school education”, which was governed 
by the Research Group of the Univer-
sity of Jan Kochanowski in Kielce. This 
project includes diagnoses of physical, 
motor, mental, social and emotional 
development, as well as indices of the 
health, family and school environments 
in which children were born in 1999 and 
2000. Our research used data collected in 
2006, and the procedure consisted of two 
stages. In the first stage (April to May), 
34 225 children and their parents were 
examined, by teachers of physical educa-
tion or school nurses. In the second stage 
(September to October), 35 339 children 
and their parents were examined. In each 
stage, the investigation targeted approx-
imately 10% of all children of this age 
group in Poland. The sample selection 
was randomized, taking into account the 
distribution of the populations in various 

regions of the country, types of facilities 
(kindergarten – schools) and the envi-
ronment – urban vs. rural (Cieśla et al. 
2007).

Within the project, parents completed 
a survey that contained numerous ques-
tions concerning the overall socio-eco-
nomic status of the family, self-esteem 
related to social status, living condi-
tions, parental aspirations, the child’s 
health and physical activity. To evaluate 
the rates of overweight and obesity in 
children in relation to family socio-eco-
nomic status and the demographic fac-
tor, information about parental level of 
education, the number of children in the 
family, and the place of residence were 
used. In accordance with the education 
level of parents four groups of children 
have been differentiated: primary educa-
tion (eight to nine years of schooling), 
vocational (eleven years of schooling), 
secondary (twelve years of schooling and 

Table 1. Demographic characteristics of participants 

Demographic characteristic
All boys All girls

N % N %
Place of residence
City 19,420 58.76 18,339 58.23
Village 13,631 41.24 13,154 41.77
Maternal level of education
Primary 2,340 8.37 2,219 8.29
Vocational 9,711 34.75 9,287 34.68
Secondary 10,908 39.04 10,593 39.56
Higher 4,983 17.84 4,680 17.47
Paternal level of education
Primary 2,302 8.38 2,176 8.27
Vocational 13,613 49.58 13,206 50.20
Secondary 8,119 29.58 7,752 29.46
Higher 3,422 12.46 3,175 12.07
Number of children in family
1 7,717 25.39 7,391 25.39
2 13,586 44.70 12,993 44.65
3 5,458 17.96 5,210 17.90
4 or more 3,633 11.95 3,511 12.06
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secondary school-leaving examination) 
and higher – university education (more 
that fifteen years of schooling). The place 
of residence was differentiated between 
rural and urban areas, according to the 
regional administration division of Po-
land. Statistics of the size of the studied 
groups are shown in Table 1.

The calendar age of the respondents 
was determined according to the date 
of birth and the date of examination. 
Height and weight were measured using 
an anthropometer and a scale in accord-
ance with accepted guidelines. Over-
weight and obesity were determined 
for children in a given age group by cal-
culating body mass index (BMI) using 
cut-off points of the International Obe-
sity Task Force standards (IOTF) (Cole 
et al. 2000). These international cut-off 
points are defined by values of BMI >25 
(overweight), and > 30 (obesity) at the 
age of 18. There are based on represent-
ative data from six countries and are de-
fined by values of BMI at the age 18 (Li 
et al. 2016). Because no differences were 
found in the percentages of those over-
weight and obese between 6-year-olds 
and 7-year-olds, both age groups were 
considered together to assess the rates 
of these conditions in relation to family 
socio-economic status.

The analyses and our associated infer-
ences were based on the data of 64 544 
children (33 051 boys and 31 493 girls) 
who completed both the questionnaire 
and the anthropometric measurements 
(Table 1).

The significance of intergroup differ-
ences regarding the rates of overweight 
and obesity occurrence was assessed us-
ing the chi-square test, adopting a signif-
icance level of 0.05. 

The relationship between predictors 
(factor’s level) and BMI was evaluated 

by linear regression analysis. To verify 
whether the relationship between the 
predictors and the dependent variable 
is the same (of the same magnitude) in 
the sample of boys and girls, analyses 
of moderation (interaction) were per-
formed, with sex as the moderating var-
iable. This method allows for checking 
whether a given predictor differs in the 
magnitude of its impact between girls 
and boys. The analyses of moderation 
were performed by means of the PRO-
CESS software (Hayes 2013). 

Results
Overweight and obesity were significant 
among 6- and 7-year-olds. These prob-
lems affected more than 15% of chil-
dren in this age group. Overweight oc-
curred slightly more frequently in girls 
(12.39% of all examined girls) than boys 
(11.62%), whereas the opposite result 
was observed for obesity. Over 5% of all 
boys studied were obese compared to 
4.52% of all girls (χ2=18.85, p<0.001) 
(Table 2). 

Place of residence was an important 
determinant with regards to childhood 
obesity. Overweight and obesity occurred 
more often among children living in cit-
ies than those living in rural areas. As 
many as 11.90% of boys and 12.98% of 
girls from cities qualified as overweight, 
with 11.12% and 11.58% respectively for 
those from rural homes. These differ-
ences were significant in the case of girls 
(χ2=15.33, p<0.001) and boys (χ2=7.84, 
p=0.02). 

Maternal education level was an im-
portant indicator of the risks of over-
weight and obesity amongst 6- and 
7-year-olds. The differences in this 
variable were significant for both 
girls (χ2=27.10, p<0.001) and boys 
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(χ2=25.32, p<0.001). Both percentages 
of overweight boys and overweight girls 
increased as maternal education level 
increased. Mothers with primary lev-
el education had the fewest overweight 
children (9.49% boys and 10.32% girls), 
whereas mothers with higher levels of 
education had the most (12.10% and 
13.57% respectively) (Table 2). Likewise, 
maternal education predicted an increase 
in the fraction of boys with obesity from 
4.36% to 5.48%. Mothers with a higher 
level of education had the fewest obese 
girls (4.04%), in contrast to groups with 
primary (4.19%) or vocational or second-
ary education (4.72%) (Table 2). 

Fathers with higher levels of education 
were more likely to have overweight sons 
(12.27%) than those with only primary 
education (9.95%) (χ2=15.26, p=0.018). 

Paternal level of education had a similar 
relationship to overweight among girls 
(χ2=26.11, p<0.001). However, fathers 
with either primary or the highest level 
of education had a lower prevalence of 
obesity among daughters (3.45%, 3.87%) 
and also sons (4.82%, 4.53%).

The frequency of overweight and obe-
sity occurrence showed a high variation 
in regards to the number of offspring in 
a family. “Only sons” (6.41%) and “only 
daughters” (5.60%) were twice as likely 
to be obese as their peers living in fam-
ilies with 4 or more children (3.66%, 
2.56% respectively). The results of the 
chi-square test indicate that this factor 
is associated with the risk of developing 
childhood overweight or obesity (girls: 
χ2=133.86, p<0.001; boys: χ2=126.35, 
p<0.001). 

Table 2. The rates of childhood overweight and obesity in relation to socioeconomic factors

Demographic 
characteristic

Boys Girls
Overweight Obesity Overweight Obesity
n % n % n % n %

Sex 3,842 11.61 1,682 5.08 3,907 12.39 1,426 4.52 χ2=18.85
p<0.001

Place of residence
City 2,323 11.90 1,012 5.21 χ2=7.84

p=0.020
2,380 12.98 846 4.61 χ2=15.33

p<0.001Village 1,516 11.12 666 4.89 1,523 11.58 578 4.39
Maternal level of education
Primary 222 9.49 102 4.36

χ2= 25.32
p<0,001

229 10.32 93 4.19

 χ2= 27.10
p<0.001

Vocational 1,121 11.54 472 4.86 1,094 11.78 438 4.72
Secondary 1,308 11.99 615 5.64 1,387 13.09 500 4.72
Higher 603 12.10 273 5.48 635 13.57 189 4.04
Paternal level of education
Primary 229 9.95 111 4.82

χ2=15.26
p=0.018

244 11.21 75 3.45

χ2=26.11
p<0.001

Vocational 1,558 11.44 723 5.31 1,599 12,11 644 4.88
Secondary 972 11.97 450 5.54 1,049 13.53 358 4.62
Higher 420 12.27 155 4.53 395 12.44 123 3.87
Number of children in the family
1 1,027 13.31 495 6.41

χ2=126,35
p<0.001

1,066 14.42 414 5.60

χ2=133.86
p<0.001

2 1,637 12.05 703 5.17 1,645 12.66 619 4.76
3 559 10.24 250 4.58 536 10.29 197 3.78
4 or more 304 8.37 133 3.66 362 10.31 90 2.56
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A multiple regression analysis was 
used to show which combination of so-
cio-economic variables is associated with 
the greatest risks of overweight and obe-
sity. Table 3 presents the results of the 
multiple linear regression analysis of 
sex, same socio-economic and demo-
graphic factors and BMI. The prediction 
was statistically significant (F=32.103. 
p<0.001). The level of the mother’s ed-
ucation was significantly and positively 
related to BMI, while the “number of 
children in family” factor related nega-
tively to BMI. The following relationship 
is arranged in accordance with the gra-
dient: the higher the mother’s level of 
education, the more frequent the occur-
rence of excessive body weight amongst 
her offspring; whereas, overweight and 
obesity occur significantly less often in 
families with a large number of children 
than in those with single children. The 
Beta standardized regression coefficient 
for each predictor was very small but the 

largest occurred in the “number of chil-
dren in the family” predictor (–0.045), 
followed by “maternal level of educa-
tion” (0.022). The analysis of modera-
tion was used to test for sex differences. 
The results indicated that the interac-
tion was significant in the “place of resi-
dence” predictor (the CIs did not include 
zero), which means that the impact of 
place of residence on BMI was different 
in boys vs. girls (Table 4). Table 5 shows 
this relationship, calculated separately 
for boys and girls. The impact of place of 
residence on BMI was significantly nega-

Table 3. Multiple linear regression analysis of sex, socioeconomic, demographic factors and BMI

Predictor
F=32.103, p<0.001, R2=0.055

B Beta St. Error t p-value
Sex 0.026 0.016 0.007 3.748 <0.001
Place of residence –0.004 –0.002 0.007 –0.510 0.610
Maternal level of education 0.020 0.022 0.005 4.016 <0.001
Paternal level of education –0.008 –0.009 0.005 –1.581 0.114
Number of children in family –0.062 –0.045 0.006 –10.006 <0.001

B – unstandardized regression coefficient; Beta – regression coefficient; St. Error – Standard Error of re-
gression coefficient; t – Student t statistic; p – probability level; R2 – coefficient determination (square of 
multiple correlation); F – Fisher statistic for ANOVA.

Table 4. Moderation analyses for sex

Predictor B St. Error Lower 95 CI Higher 95 CI
Place of residence 0.029 0.013 0.004 0.053
Maternal level of education –0.002 0.008 –0.018 0.013
Paternal level of education –0.001 0.008 –0.017 0.016
Number of children in family 0.004 0.011 –0.017 0.026

B – unstandardized regression coefficient for the interaction effect; St. Error – Standard Error of regression 
coefficient for interaction; Lowe/Higher 95% CI: 95% confidence for the interaction effect.

Table 5. Analyses of impact of place of residence on 
BMI separately for boys and girls

Sex B St. 
Error

Lower 95 
CI

Higher 95 
CI

Girls –0.044 0.009 –0.062 –0.027
Boys –0.016 0.009 –0.033 0.002

B – unstandardized regression coefficient for the 
interaction effect; St. Error – Standard Error of re-
gression coefficient for interaction; Lowe/Higher 
95% CI: 95% confidence for the interaction effect.
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tive for girls, but not for boys. It means 
that the BMI was higher for girls living 
in a city than in a village; however in the 
group of boys there was no significant 
relationship between place of residence 
and BMI. 

Discussion 
The analysis of the rates of overweight 
and obesity in relation to family so-
cio-economic and demographic factors 
enables us to ascertain which of the var-
iables are associated with proper body 
weight among children. Significant asso-
ciations were identified between paren-
tal education level and the rates of over-
weight and obesity among children. The 
maternal and paternal levels of education 
should be considered in the following 
two ways: on the one hand, completing 
a stage of education is associated with 
the type of work and related earnings but 
on the other hand, a higher educational 
level is likely associated with a greater 
awareness of the developmental needs of 
a child, and pro-health/pro-overweight 
attitudes are adopted at the same time. 
Mothers and fathers with higher levels of 
education were more likely to have over-
weight children. Being overweight is not 
as badly received as obesity among young 
children. In Polish families, snacking be-
tween meals is common; in addition, the 
practice of controlling and limiting the 
intake of sweets for children and young 
people is absent (Suliga 2008). Mothers 
and fathers with higher levels of educa-
tion had the fewest obese boys and girls. 
Importantly, however, the results slightly 
differed by sex. The prevalence of obe-
sity clearly differed with regard to how 
excessive body weight was approached in 
daughters and sons. Many obese boys in 
families with higher social statuses might 

indicate over-protection and spoiling, es-
pecially by mothers. Affluent women at-
tach a greater importance to being slim, 
thereby resulting in the much more se-
rious treatment of obesity among their 
daughters, emphasizing that girls should 
look slender at an early age. The study 
of the secular trends in body mass index 
and the prevalence of overweight and 
obesity among Polish schoolchildren be-
tween the years 1966–2012 has revealed 
the sex differences, especially in the last 
survey. Considering three periods of de-
velopment: childhood, early and late ad-
olescence in boys the prevalence of over-
weight (from 19.19% to 19.64%) and 
obesity (from 5.56% to 4.87%) was sim-
ilar, but in corresponding girls’ groups 
prevalence of overweight (from 17.53% 
to 9.88%) and obesity (from 6.30% to 
1.91%) has decreased in older age groups 
(Gomuła et al.2015). A few studies have 
observed the following trend: families 
with higher socio-economic statuses 
had the most obese boys and the few-
est obese girls (Jopkiewicz et al. 2011, 
Gurzkowska et al. 2014, Mladenova and 
Andreenko 2015). Brisbois et al. (2011) 
15 of the reviewed studies have found 
an association between fathers with low 
levels of education or employment status 
and adulthood obesity in their sons or 
daughters.

The effects of family size on growth 
and child development are different in 
many factors. The studies into Polish 
youth conducted by Przewęda and Dobo-
sz (2003) showed that although only chil-
dren are taller, they are less physically fit. 
The lower fitness of only children relative 
to their peers with siblings is explained 
by their lack of natural stimulation, such 
as the stimulation of movement through 
play with a brother or sister. However, 
the results of other studies have indi-
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cated that only children show advanced 
motor development (Półtorak 2009). 
With respect to excessive body weight, 
only children are the most likely to be 
overweight or obese. Similar data was 
reported by Mladenova and Andreenko 
(2015) between Bulgarian children aged 
from 8 to 15. The number of children 
in the family most strongly differentiat-
ed the study in this respect. Thus, “only 
children” might be more likely to devel-
op overweight or obesity than their peers 
with siblings. Focusing attention on 
“only children” can lead to overfeeding 
and reduce their natural activity through 
constant control and excessive concern. 
It is easier for parents who have two or 
more children to observe the differences 
in the dietary needs of siblings and adapt 
to them. This task is more difficult for 
the parents of only children because they 
often determine portion size, the amount 
of food, and the quality of the food based 
on their own ideas rather than the real 
needs of the child. 

Overweight and obesity more often 
occurred among boys and girls living in 
cities. Findings from the Health Behav-
iour in School-aged Children (HBSC) 
study of 2009–2010 conduct by the Insti-
tute of Mother and Child in Warsaw has 
shown similarly that overweight and obe-
sity is observed more often in Polish boys 
and girls from cities than villages (Mazur 
and Małkowska-Szkutnik 2011). In addi-
tion, Suliga (2009) observed a low BMI 
among boys living in rural areas versus 
their peers in the city, and an associated 
vitamin-deficient diet and a lower intake 
of calories. An additional study in Bul-
garia found that children were less like-
ly to be obese if they lived in rural area 
(Mladenova and Andreenko 2015). In 
contrast to our study, in the US or Can-
ada more frequent childhood overweight 

and obesity occurrences were observed 
among individuals living in rural areas 
than among those living in cities (Brun-
er et al. 2008, Berlin et al. 2013) and no 
significant differences were reported by 
Wolnicka et al. (2016) in the prevalence 
of excessive body mass in children from 
the rural and urban regions of Poland.

From the linear regression analysis 
for all the group, we found that the main 
predictors of overweight and obesity 
among 6- and 7- year-old children were 
the number of children in the family, 
the mother’s level of education and sex. 
Moderation analysis for boys and girls 
has shown that the interaction was sig-
nificant only in the “place of residence” 
factor. This result indicated that over-
weight and obesity were more common 
among urban girls than rural ones. The 
family and its socio-economic status are 
important determinants in the risks for 
childhood overweight and obesity. A 
higher level of parental education was not 
always associated with a more conscious 
and consistent approach to maintaining 
a proper body weight in one’s offspring. 
Polish society, which is still developing, 
considers the purchase of large quantities 
of food as a sign of prosperity and higher 
status. Thus, disparate living conditions 
and family models create a unique sys-
tem of variables that are characteristic of 
the region. Therefore, we should observe 
inter-population differences and chang-
es in the importance of social modifiers 
over the coming decades.

In conclusion, the family model and 
the socio-economic conditions in which 
a population operates are important de-
terminates of the frequency of childhood 
overweight and obesity occurrence. Cur-
rently, the most significant modifiers in 
Poland seem to be the number of chil-
dren in the family and the educational 
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level of the mother. These variables are 
associated with family functioning and 
the acceptance of specific health and an-
ti-health behaviours. 

Acknowledgements

The material presented here is part of the 
research project, “The six-year-old at the 
beginning of school education”. The Eu-
ropean Union financed this project with-
in the framework of the European Struc-
tural Funds and the Ministry of National 
Education (No.5/2.1a/2004/2937). 

Authors’ contributions

MM conceived and designed the paper, 
was principal investigator for the re-
search project. AP analyzed and inter-
preted the data presented here. GN-S 
supported data analysis and interpreta-
tion. Statistical analysis of the data was 
executed by AP and EC. All authors were 
involved in drafting the paper and in ap-
proval of the final manuscript.

Conflicts of interest

The authors have no conflicts of interest 
to declare.

Corresponding Author

Agnieszka Przychodni, Faculty of Peda-
gogy and Art, Jan Kochanowski Univer-
sity in Kielce, ul. Krakowska 11, 25-029 
Kielce, Poland
e-mail: agnieszka.przychodni@ujk.edu.pl

References
Albertini A, Tripodi A, Fabbri A, Mattioli 

M, Cavrini G, Cecchetti R, Dalle Donne 
E, Cortesi C, De Giorgi S, Contarini V, 

Andreotti L, Veronesi B, Stefanelli I, Di 
Martino E. 2007. Prevalence of obesity in 
6- and 9-year-old children living in Cen-
tral-North Italy. Analysis of determinants 
and indicators of risk of overweight. Obes 
Rev 9:4–10.

Ara I, Moreno LA, Leivw MT, Gutin B, Casa-
jus JA. 2007. Adiposity, physical activity, 
and physical fitness among children from 
Aragon, Spain. Obesity 7(15):1918–24. 

Berlin KS, Hamel-Lambert J, DeLamatre C. 
2013. Obesity and overweight status 
health disparities among low-income ru-
ral Appalachian preschool children. Child 
Health Care 42:15–26.

Boles RE, Scharf C, Filigno SS, Saelens BE, 
Stark LJ. 2013. Differences in home food 
and activity environments between obese 
and healthy weight families of preschool 
children. J Nutr Educ Behav 45(3):222–
31. 

Branca F, Nikogosain H, Lobstein T. 2007. 
The challenge of obesity in the WHO Eu-
ropean Region and the strategies for re-
sponse. WHO Regional Office for Europe, 
Denmark.

Brisbois TD, Farmer AP, McCargar LJ. 2011. 
Early markers of adult obesity: a review. 
Obes Rev 13:347–67.

Brouwer SI, Stolk RP, Liem ET, Lemmink KA, 
Corpeleijn E. 2013. The role of fitness in 
the association between fatness and car-
diometabolic risk from childhood to ado-
lescence. Pediatr Diabetes 14:57–65.

Bruner MW, Lawson J, Pickett W, Boyce W, 
Janssen I. 2008. Rural Canadian adoles-
cents are more likely to be obese compared 
with urban adolescents. IJPO 3:205–11.

Campbell KJ, Crawford DA, Ball K. 2006. 
Family food environment and dietary be-
haviors likely to promote fatness in 5-6 
year-old children. Int J Obes 30:1272–80.

Cieśla E, Klimaszewska J, Kopik A, Markows-
ka M, Szumilas E, Walasek B. 2007. Sze-
ściolatek w Polsce. Raport 2006. Diagnoza 
badanych sfer rozwoju. Kielce, Poland.

Cleland V, Crawford D, Baur LA, Hume C, 
Timperio A. Salmon J. 2008. A prospec-
tive examination of children’s time spent 



390 Małgorzata Markowska et al.

outdoors objectively measured physi-
cal activity and overweight. Int J Obes 
32:1685–93.

Cole TJ, Bellizzi MC, Flegal KM, Dietz WH. 
2000. Establishing a standard defini-
tion for child overweight and obesity 
worldwide: international survey. BMJ 
320:1240–3.

Cullinan J, Cawley J. 2017. Parental misclas-
sification of child overweight/obese sta-
tus: The role of parental education and 
parental weight status. Econ Hum Biol 
24:92–103.

Dollman J, Pilgrim A. 2005. Changes in body 
composition between 1997 and 2002 
among South Australian children: influ-
ences of socio-economic status and loca-
tion of residence. Aust N Z J Public Health 
29(2):166–170.

Due P, Damsgaard MT, Rasmussen M, Hol-
stein BE, Wardle J, Merlo J, Currie C, Ah-
luwalia N, Sørensen TIA, Lynch J. 2009. 
Socioeconomic position, macroeconom-
ic environment and overweight among 
adolescents in 35 countries. Int J Obes 
33:1084–93.

Geiẞ HC, Parhofer KG, Schwandt P. 2001. Pa-
rameters of childhood obesity and their 
relationship to cardiovascular risk factors 
in healthy prepubescent children. Int J 
Obes 25:830–7.

Gomuła A, Nowak-Szczepańska N, Danel DP, 
Kozieł S. 2015. Overweight trends among 
Polish schoolchildren before and after the 
transition from communism to capital-
ism. Econ Hum Biol 19:246–57.

Gupta N, Goel K, Shah P, Misra A. 2012. 
Childhood obesity in developing coun-
tries: Epidemiology, determinants, and 
prevention. Endocr Rev 33:48–70.

Gurzkowska B, Kułaga Z, Litwin M, Grajda A, 
Świąder A, Kułaga K, Góźdź M, Wojtyło 
M. 2014. The relationship between select-
ed socioeconomic factors and basic an-
thropometric parameters of school-aged 
children and adolescents in Poland. Eur J 
Pediatr 173:45–52. 

Hayes AF. 2013. Introduction to mediation, 
moderation, and conditional process anal-

ysis. A regression-based approach. New 
York: The Guilford Press.

Henneberg M, Grantham J. 2014. Obesity – a 
natural consequence of human evolution. 
Anthropol Rev 77(1):1–10.

Horsch A, Wobmann M, Kriemler S, Munsch 
S, Borloz S, Balz A, Marques-Vidal P, 
Borghini A, Puder JJ. 2015. Impact of 
physical activity on energy balance, food 
intake and choice in normal weight and 
obese children in the setting of acute so-
cial stress: a randomized controlled trial. 
BMC Pediatrics 15:1–10. 

Janssen I, Craig WM, Boyce WF, Pickett 
W. 2004. Associations between over-
weight and obesity with bullying behav-
iors in school-age children. Pediatrics 
133(5):1187–94.

Janssen I, Katzmarzyk .T, Boyce WF, Ver-
eecken C, Mulvihill C, Roberts C, Currie 
C, Pickett W. 2005. Comparison of over-
weight and obesity prevalence in school-
age youth from 34 country and their rela-
tionship with physical activity and dietary 
patterns. Obes Rev 6:123–32. 

Jargo R, Baranowski T, Baranowski JC, 
Thompson D, Greaves KA. 2005. BMI 
from 3–6y ages predicted by TV viewing 
and physical activity, not diet. Int J Obes 
29:557–64.

de Jong E, Visscher TL, HiraSing RA, Hey-
mans MW, Seidell JC, Renders CM. 2011. 
Association between TV viewing, com-
puter use and overweight, determinants 
and competing activities of screen time 
in 4- to 13-year-old children. Int J Obes 
37:47–53.

Jopkiewicz A, Przychodni A, Jopkiewcz A, 
Krzystanek K. 2011. Positive indicators of 
health in children and adolescents from 
Kielce, Instytut Technologii Eksploatac-
ji – Państwowy Instytut Badawczy. Ra-
dom-Kielce, Poland.

Kaczmarek M, Stawińska-Witoszyńska B, 
Krzyżaniak A. 2015. Who is at higher risk 
of hypertension? Socioeconomic status 
differences in blood pressure among Pol-
ish adolescents: a population-based ADO-



 Overweight and obesity and their predictors in 6- and 7-year old children 391

POLNOR study. Eur J Pediatr 174:1461–
73.

Kalies H, Lenz J, von Kries R. 2002. Prev-
alence of overweight and obesity and 
trends in body mass index in German pre-
school children, 1982–1997. Int J Obes 
26:1211–7.

Kark M, Hjern A. 2014. Rasmussen, F. Poor 
school performance is associated with a 
large gain in body mass index during pu-
berty. Acta Paediatr 103: 207–13. 

Kozieł S, Szklarska A, Bielicki T, Malina RM. 
2006. Changes in the BMI of Polish con-
scripts between 1965 and 2001: secular 
and socio-occupational variation. Int J 
Obes 30:1382–8.

Krawczyński M, Walkowiak J, Krzyzaniak 
A. 2003. Secular changes in body height 
and weight in children and adolescents in 
Poznan, Poland, between 1880 and 2000. 
Acta Paediatr 92:277–82. 

Labayen I, Ortega FB, Ruiz JR, Sjostrom M. 
2012. Birth weight and subsequent adi-
posity gain in Swedish children and ado-
lescents: a 6-year follow-up study. Pediatr 
Obes 20:376–81.

Lämmle L, Worth A, Bös K. 2012. Socio-de-
mographic correlates of physical activity 
and physical fitness in German children 
and adolescents. Eur J Public Health 
22(6):880–4. 

Lee ST, Wong JE, Shanita SN, Ismail MN, 
Deurenberg P, Poh BK. 2015. Daily physi-
cal activity and screen time, but not other 
sedentary activities, are associated with 
measures of obesity during childhood. Int 
J Environ Res Public Health 12:146–61.

Li K, Haynie D, Palla H, Lipsky L, Iannotti 
RJ, Simins-Morton B. 2016. Assessment 
of adolescent weight status: Similarities 
and differences between CDC, IOTF, and 
WHO references. Prev Med 87:151–4.

Lin W, Yang HC, Hang CM, Pan WH. 2007. 
Nutrition knowledge, attitude, and behav-
ior of Taiwanese elementary school chil-
dren. Asia Pac J Clin Nutri 16:534–46.

Lioret S, Maire B, Volatier JL, Charles MA. 
2007. Child overweight in France and its 
relationship with physical activity, seden-

tary behavior and socioeconomic status. 
Eur J Clin Nutr 61:509–16.

Mladenova S, Andreenko E. 2015. Influence 
of socio-economic and demographic fac-
tors, feeding and physical activity on nu-
tritional status of 8-15-years-old Bulgari-
an children and adolescents: preliminary 
results. Nutr Hosp 32(6):2559–69.

Matton L, Duvigneaud N, Wijndaele K, Philip-
paerts R, Duquet W, Beunen G, Classens 
AL, Thomis M, Lefevre J. 2007. Secular 
trends in anthropometric characteristics, 
physical fitness, physical activity, and bio-
logical maturation in Flemish adolescents 
between 1969 and 2005. Am J Hum Biol 
19:345–57. 

Mazur J, Małkowska-Szkutnik A. 2011. Wyni-
ki badań HBSC 2010. Raport techniczny. 
Warszawa. Instytut Matki i Dziecka w 
Warszawie. 

NCD Risk Factor Collaboration (NCD-
RisC). 2017. Worldwide trends in body-
mass index, underweight, overweight, 
and obesity from 1975 to 2016: a pooled 
analysis of 2416 population-based mea-
surement studies in 128.9 million chil-
dren, adolescents, and adults. Lancet. 
DOI:10.1016/S0140-6736(17)32129-3. 
Published:2017–Oct–10.

Ng M, Fleming T, Robinson M, Thomson B, 
Graetz N, Margono C, Mullany EC, Biryu-
kov S, Abbafati C, Abera SF. 2014. Global, 
regional, and national prevalence of over-
weight and obesity in children and adults 
during 1980–2013: A systematic analysis 
for the Global Burden of Disease Study 
2013. Lancet. 384:766–81.

O’Neill JL, McCarthy SN, Burke SJ, Hannon 
EM, Kiely M, Flynn MA, Gibney MJ. 2007. 
Prevalence of overweight and obesity in 
Irish school children, using four different 
definitions. Eur J Clin Nutr 61:743–51. 

Olds TS. 2009. One million skinfolds: secu-
lar trends in the fatness of young people 
1951–2004. Eur J Clin Nutr 63:934–46.

Półtorak W. 2009. The significance of envi-
ronmental factors for physical develop-
ment of adolescents. Human Movement 
10(1):35–45. 



392 Małgorzata Markowska et al.

Przewęda R, Dobosz J. 2003. Kondycja fizycz-
na polskiej młodzieży, Studia i Monografie 
98, Akademia Wychowania Fizycznego w 
Warszawie, Warszawa, Poland. 

Rodrigo CP. 2013. Current mapping of obe-
sity. Nutricion Hospitalaria 28(5):21–31.

Rush EC, Scragg R, Schaaf D, Juranovich G, 
Plank LD. 2009. Indices of fatness and re-
lationships with age, ethnicity and lipids 
in New Zealand European, Māori and Pa-
cific children. Eur J Clin Nutr 63:627–33. 

Suliga E. 2009. Socio-economic differentia-
tion of the growth and the dietary intake 
of Polish boys age 7–16 years. Ann Hum 
Biol 36(2):199–210.

Suliga E. 2008. Zróżnicowanie rozwoju fizy-
cznego oraz sposobu żywienia dzieci i 
młodzieży w środowisku miejskim i wie-

jskim kielecczyzny w latach 2002–2005, 
Kielce: Wydawnictwo Uniwersytetu Hu-
manistyczno-Przyrodniczego Jana Koch-
anowskiego. 

Taylor PD, Samuelsson AM, Poston L. 2014. 
Maternal obesity and the developmental 
programming of hypertension: a role for 
leptin. Acta Physiol 210:508–23.

Wijlaars LP, Johnson L, van Jaarsveld CH, 
Wardle J. 2011. Socioeconomic status and 
weight gain in early infancy. Int J Obes 35 
(7):963–70.

Wolnicka K, Jarosz M, Jaczewska-Schuetz 
J. 2016. Differences in the prevalence of 
overweight, obesity and underweight 
among children from primary schools in 
rural and urban areas. Ann Agr Env Med 
23(2):341–4.




