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Abstract: The aim of this study was to assess ten-year differences in nutritional statuses and obesity
prevalences between populations of preschool children from Katowice, Poland, examined in 2007
and 2017, and to determine factors associated with overweight and obesity in preschool children. A
cross-sectional questionnaire was conducted among parents and legal guardians of 276 preschool
children in 2007 and 259 preschool children in 2017. Basic anthropometric measurements were per-
formed. Overall, the prevalence of overweight and obesity among our sample of Polish preschool
children (median age 5.25 year) was 16.82%, whereas 4.49% of children were obese. No significant
differences in the number of overweight and obese children were observed when comparing the
years 2017 to 2007. Overall body mass index (BMI) z-score was significantly lower in this group of
children from 2017. However, median values of the BMI z-score were higher in two of the weight
categories (overweight and obesity) in 2017. The child’s BMI z-score was positively correlated with
birth weight (r=0.1, p <0.05). The BMI z-score was positively correlated with maternal BMI, paternal
BMI, and maternal pregnancy weight gain, r=0.24 p <0.01; r=0.16 p <0.01; r = 0.12 p < 0.05, respec-
tively. A decrease in overweight and obesity prevalence over the past decade and higher median
values of BMI z-scores in the group of children with excessive weight in 2017 were observed. Birth
weight, maternal BMI, paternal BMI, and maternal pregnancy weight gain all correlate positively
with a child’s BMI z-score.
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1. Introduction

According to World Health Organization (WHO), in the year 2019, approximately
38.2 million children below the age of five were overweight or obese [1]. Obesity affects
not only children from high-income countries but is also rising in low- and middle-income
countries [1]. Despite the implementation of numerous obesity prevention programs, the
prevalence of overweight and obesity among preschool children is rising on each of the
continents and poses a serious public health challenge [2].

Obesity in children leads to a wide variety of comorbid conditions and complications.
Childhood obesity is linked to various metabolic complications, including dyslipidemia,
decreased insulin sensitivity, increased circulating insulin levels, glucose intolerance, type
2 diabetes mellitus, and metabolic syndrome [3]. Several studies have shown that the met-
abolic syndrome may be present in 30% of obese children and adolescents [4]. Childhood
obesity is linked to the occurrence of nonalcoholic fatty liver disease (NAFLD), obstructive
sleep apnea, asthma, tibia vera, and psychosocial problems [5]. Childhood obesity is also
linked to higher prevalence of disability and obesity in adulthood and premature death
[1]. According to the Muscatine Study, being overweight in childhood might predict the
occurrence of coronary artery calcification in young adulthood [6].
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There are various factors linked to the occurrence of childhood obesity; however, the
role of some of them is still unclear. Although the vast majority of childhood obesity cases
are exogenous, a small proportion may have endogenous causes (genetic syndromes, hor-
monal disorders, and monogenetic disorders) [7]. Parental body mass index (BMI) might
be a predictor of obesity during childhood, which indicates a genetic effect [8]. Neverthe-
less, genetic factors may not be the only contribution since children’s food choices and
eating behaviors are learned from parents at very young ages [9].

A wide range of factors associated with childhood obesity were identified, including
maternal, paternal, gestational, and postnatal factors (such as birth weight, type of feed-
ing, rapid infant growth, sleep duration, and screen time) [10]. Both maternal pre-preg-
nancy BMI and paternal BMI, as well as gestational weight gain, gestational diabetes,
smoking during pregnancy, and type of birth were found to be associated with childhood
obesity [11-15]. A study performed in a population-based sample of 51,505 children re-
ported that 43.7% of children large for gestational age at birth were overweight/obese in
adolescence [16]. Various studies indicated that breastfeeding has a protective effect on
obesity risk as breast-fed infants gain body mass slower than formula-fed infants [17-19].
According to the study by Iguacel et al., rapid infant weight gain during the first 6 months
of life was found to be an independent predictor of excessive weight in children aged 6
[20]. Several studies reported an association between short sleep duration and increased
risk of overweight and obesity in childhood [21,22]. A systematic review regarding screen
time in children below 3 years of age indicated that screen time correlated with the BMI
of the child [23].

Recent studies suggest that in children with obesity, most of their excess weight is
gained in their first 5 years of age [24]. Therefore, the early years of childhood are im-
portant in terms of the development of obesity and the implementation of prevention and
intervention programs. However, despite the implementation of numerous intervention
programs regarding the pediatric population, according to the review by Flynn et al., only
6% concerned the 0-5-year age range [2].

Regarding the rapid rise in prevalence of obesity in preschool children, its association
with severe comorbidities, obesity in adulthood, and the lack of consistent data regarding
factors leading to childhood obesity, further research on this topic is required. Regarding
the lack of studies assessing 10-year differences in preschool children’s nutritional status,
we have identified a research gap. The aim of this study was to assess the differences in
nutritional status and obesity prevalence that occurred between populations of preschool
children from Katowice, Poland, examined in 2007 and 2017, and to determine maternal,
paternal, gestational, and infantile factors associated with overweight and obesity in pre-
school children.

2. Materials and Methods

The study was conducted using data from a cross-sectional questionnaire conducted
among parents and legal guardians of children attending preschool in Katowice, Poland,
in the years 2007 (g-2007) and 2017 (g-2017). Basic anthropometric measurements were
performed in both groups (g-2007 and g-2017).

All of the preschools located in Katowice, Poland, in 2007 were invited to participate
in our study. The management of 11 preschools in Katowice, Poland, agreed to take part
in the study. Invitations regarding participation in the study were sent to all of the par-
ents/legal guardians of children from 11 preschools. The questionnaire was handed over
to the parents/legal guardians of the children who agreed to be involved in the study.
Afterwards, written consent concerning anthropometric measurements was sent to all of
the parents/legal guardians. Anthropometric measurements were performed after receiv-
ing informed consent from the parents/legal guardians. The same 11 preschools from Ka-
towice, Poland, were included in our study in 2017. Therefore, the children who were re-
cruited were from the same neighborhoods and had similar socioeconomic backgrounds.
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The questionnaire was divided into 10 parts concerning: general questions regarding
children and parents; pregnancy and infancy; kindergarten; eating habits; physical activ-
ity and play; screen time; family habits of buying food; eating habits of the family; social
life; and health. However, the aim of this study was to evaluate parts of the questionnaire
regarding general questions, such as those about pregnancy, infancy, and kindergarten.
The questionnaire was performed twice: in 2007 (g-2007) and in 2017 (g-2017). The study
group consisted of 535 children: 276 (g-2007) and 259 (g-2017). The median age in the g-
2007 was 5.25 (4.17; 6.08) years, and in the g-2017, it was 5.5 (4.5; 6.29) years.

2.1. Anthropometric Measurements

Weight was measured in light clothes and without shoes to the nearest 0.1 kg with an
electronic scale, and height was measured barefoot to the nearest 0.1 cm using a wall-
mounted stadiometer. BMI was defined as weight divided by height squared (kg/m?). BMI
was converted to age- and sex-specific z-scores using WHO AnthroPlus, which is the
global application of the WHO Reference [25]. Children were divided into 4 weight cate-
gories (underweight, normal, overweight, and obese) according to WHO references [1,26].

2.2. Ethical Considerations

Ethical review and approval were waived for this study due to the fact that it was
conducted using a questionnaire. Only basic anthropometric measurements, which are
routinely assessed during examination, were measured.

Written informed consent was obtained from the parents or legal guardians of all
children prior to participation in the study.

2.3. Statistical Analysis

The preliminary analysis of variables was performed by calculating descriptive sta-
tistics (mean, standard deviation, median, quartiles, minimum, maximum, range, skew-
ness, and kurtosis). Furthermore, for every variable, the probability density function was
estimated. It was carried out separately for the years 2007 and 2017.

The analysis of relationships between qualitative variables was performed using the
chi-square test. For verification of relationships between qualitative and quantitative var-
iables, analysis of variance (ANOVA) was performed. Assumptions of ANOVA were ver-
ified with the use of Levene’s test (homogeneity of variances) and the Shapiro-Wilk test
(normality of residuals). If assumptions were fulfilled, then classical ANOVA analysis was
conducted, and the Tukey Honest Significant Differences test was used for testing the sig-
nificance of differences between average values of a quantitative variable calculated for
groups corresponding to particular values of a qualitative variable. If the assumptions of
ANOVA were not fulfilled, then the Kruskal-Wallis rank sum test was used for verification
of the significance of the relationship between variables and Dunn’s test—for testing the
significance of differences between average values of a given quantitative variable in every
pair of groups.

To compare the distribution of a quantitative variable across two groups, the Kolmo-
gorov-Smirnov test was performed. Since the majority of data were not normally distrib-
uted, quantitative data were described as medians and interquartile ranges (IQR). A p
value of <0.05 was considered statistically significant. The analysis was conducted with
the use of Microsoft Excel and the R computing system.

3. Results

The study was conducted on a sample of 535 preschool children, of whom 49.72%
were girls. The median age of the preschool child was 5.25 (4.25; 6.17) years.
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3.1. Nutritional Status

The number of children in each weight category was presented in Table 1. Overall,
16.82% (n =90) of the study group was overweight or obese, of which 44.44% (n = 40) were
girls. A statistically significant difference between groups from 2007 and 2017 in terms of
BMI z-score was observed; BMI z-score was significantly lower in 2017 than in 2007 (0.02
SD vs. 0.48 SD, respectively) (see Figure 1).

Table 1. Number of children in four weight categories (underweight, normal, overweight, and
obesity).

Underweight Normal Overweight Obesity
2007 0.72% 78.99% 15.22% 5.07%
(n =276) (n=2) (n=218) (n=42) (n=14)
2017 3.09% 83.78% 9.27% 3.86%
(n=259) (n=28) (n=217) (n=24) (n=10)
04-
p <0.001
> Year
% 0 D 2007
o |:| 2017
0.0~
Z‘b O.C 2‘5 5‘{)
BMI z-score

Figure 1. Ten—year differences in body mass index (BMI) z-scores.

There were no significant differences in the number of overweight and obese children
between 2017 and 2007. However, visible trends included a decrease in overweight and
obesity prevalence over the past decade (Table 1). The median values of the BMI z-score
were higher in two of the weight categories (overweight and obesity) in 2017. However,
the differences were not statistically significant. Figure 2 shows ten-year differences in
BMI z-score in obese children; the median value of BMI z-score in this weight group in
2017 was 2.9 vs. 2.33 in 2007.

In the other two weight categories (underweight and normal), median BMI z-score
values were lower in 2017, but the difference was statistically significant only in the nor-
mal weight group (p < 0.001). With regard to the normal weight group, values of the BMI
z-score were significantly lower in 2017, indicating improvement in nutritional status in
this weight category (see Table 2).

Table 2. BMI z-score in 4 weight categories (underweight, normal, overweight, and obesity). Values
are medians (lower quartile and upper quartile).

Underweight Normal Overweight Obesity
2007 -1.63 0.32 1.53 2.33
(-1.85;-1.4) (-0.33;0.7) (1.29;1.87) (2.14; 2.83)
2017 22 -0.11 1.57 2.9
(-2.89; -2.14) (-0.67; 0.43) (1.22;1.76) (2.47,3.97)
p value NS p <0.001 NS NS

Abbreviations: NS- not significant.
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Figure 2. Ten-year differences in BMI z-scores in obese children.

3.2. Factors Associated with Excessive Weight

Analysis of the data from questionnaires indicated statistically significant differences
between groups in terms of maternal and paternal ages. The obtained results show that
the age of parents of children in g-2017 was significantly higher compared to g-2007.

Children’s age, maternal BMI, and paternal BMI were higher in children from g-2017,
whereas birth weight and maternal pregnancy weight gain were lower in g-2017. How-
ever, the differences in terms of age, childbirth weight, paternal and maternal BMIs, and
the mother’s pregnancy weight gain between the children from g-2007 and g-2017 were
not statistically significant.

Table 3 shows factors associated with excessive weight in children overall and by the
years in which the study was conducted.

Table 3. Factors associated with excessive weight, overall and by year.

Overall 2007 2017 p Value
n 535 276 259 NA
5.5 5.25 5.5
A
ge (years) (425,617) (417,6.08)  (4.5;6.29) NS
Sex (M/F) 246/289 126/150 120/139 NS
3350 3400 3315
Birth weight
irth weight (g) (3000;3650) (3053;3650) (3010;3620)
33 33 34
1 .
Maternal age (years) (30; 37) (30; 35.25) (30; 38) p <0.05
35 34 36
Paternal .
aternal age (years) (32; 39) (31; 38) (33 39) p <0.05
2231 2223 22.38
1 BMI 2
Maternal BMI (kg/m?) (203;2491) (20.22496) (2045,2477) O
26.12 25.92 26.47
2
Paternal BMI (kg/m?) (2422,2837) (2422;284) (2422;2836) 0
Maternal 14 15 14 NS
pregnancy weight gain (kg) (10; 18) (10.75; 18) (10; 20)

Abbreviations: NA- not applicable; NS- not significant. Values are described as medians and inter-
quartile ranges.
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The child’s BMI z-score was positively correlated with maternal BMI, maternal preg-
nancy weight gain, paternal BMI, and the child’s birth weight. Spearman’s correlation co-
efficients between BMI z-score and maternal weight, maternal pregnancy weight gain, pa-
ternal weight, and the child’s birth weight are shown in Table 4.

Table 4. Correlation between the BMI z-score, maternal BMI, maternal pregnancy weight gain, pa-
ternal BMI, and the child’s birth weight.

Maternal Maternal Pregnancy Weight Paternal  Birth Weight

BMI Gain (kg) BMI (kg)
r=0.24 r=0.12 r=0.16 r=0.1
BMI z-
ZSOTE <001 p<0.05 p<0.01 p <0.05

The percent of fathers with vocational and college education was higher in the group
of children with excessive weight, whereas the percent of fathers with primary and
university education was lower in the group of children with overweight/obesity. The
percent of mothers with primary, vocational, and college education was higher in the
group of children with excessive weight, with a higher percent of mothers with university
education in the normal weight group (Table 5).

However, differences in parental education between children with normal weight
and overweight/obese children were not statistically significant (p > 0.05), probably due to
the low number of children in the excessive weight group.

Table 5. Parental education in two weight categories of children (normal and excessive weight).

Normal Overweight/obesity
. 2.95% 2.67%
primary (n=-12) n=-2)
. . 21.13% 26.67%
Paternal education vocational (n=86) (n=20)
level college 34.15% 42.67%
(n=139) (n=32)
university 41.77% 28%
(n=170) (n=2)
. 2.31% 4.55%
primary (n = 10) (n-14)
vocational 10.62% 13.64%
Maternal education (n=46) (n=12)
level college 35.57% 42.05%
(n = 154) (n=37)
. . 51.5% 39.77%
university (n=223) (n=135)

4. Discussion

This study investigated ten-year differences in nutritional statuses and obesity
prevalences that occurred between populations of preschool children from Katowice,
Poland, examined in 2007 and 2017, and determined maternal, paternal, gestational, and
infantile factors associated with excess weight in preschool children.

Among our sample of Polish preschool children (median age 5.25 year), 16.82% were
overweight/obese, and 4.49% were obese. A significant difference in the median BMI z-
score from 2007 to 2017 was observed. The median BMI z-score was significantly lower in
2017. The median values of the BMI z-score were higher in two of the weight categories
(overweight and obesity) in 2017. The occurrence of extreme values of the BMI z-score in
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a group of children with obesity in 2017 was observed. In the normal weight category,
median BMI z-score values were significantly lower in 2017. There were no significant
differences in the number of overweight and obese children between 2017 and 2007.
However, visible trends included a decrease in overweight and obesity prevalence.
Differences in terms of parental age between populations examined in 2007 and 2017 were
observed. The BMI z-score was positively correlated with maternal BMI, maternal
pregnancy weight gain, paternal BMI, and birth weight. However, it must be noted that
the correlations were weak.

The prevalence of overweight and obesity in our study is consistent with previous
studies regarding preschool children. In one study estimating the global prevalence of
overweight and obesity among preschool children from 1990-2010 and projecting its
prevalence in 2015 and 2020, in 2010, 11.7% of children from developed countries were
overweight/obese, and the projected number of children with excessive weight in
developed countries in 2015 and 2020 was 12.9% and 14.1%, respectively [27]. In a cross-
sectional Polish study involving preschool children, the prevalence of obesity differed
depending on the definition and ranged from 19.9% (based on body fat percentage) to
4.4% (based on BMI) [28]. According to the study by Baran et al. regarding preschool
children from south-eastern Poland, the prevalence of excessive body mass (overweight
and obesity) was slightly lower than in our study (12%), but the number of obese children
was more similar to the results of our study (3.3%) [29]. In the systematic review and meta-
regression, which aimed to analyze the prevalence of overweight and obesity among
European children aged 2-7 years from 2006 to 2016 using International Obesity Task
Force (I0TF) definition criteria, the pooled prevalence of excessive weight in Europe was
17.9% (95% CI: 15.8-20.0) and the pooled prevalence of obesity was 5.3% (95% CI: 4.5-6.1)
[30].

Overall, the BMI z-score was significantly lower in a group of children in 2017;
however, among the children with overweight and obesity, the BMI z-scores were higher
in 2017 than in 2007. Moreover, from the overview of Table 2, it is observable that in 2017,
the values of the upper quartile of the BMI z-score in the group of obese children were
higher, indicating the occurrence of a tendency towards higher values of the BMI z-score
in obese children. Moreover, although no statistically significant differences in terms of
prevalence of normal weight as well as excessive weight were observed, a tendency
regarding a decrease in overweight and obesity rates and an increase in the prevalence of
normal weight from 2007 to 2017 was visible. Results regarding differences in percentages
of children in different weight categories (normal, overweight, and obesity) between 2007
and 2017 are similar to previous studies. In the study by Zeglen et al., which assessed
differences in excessive weight prevalence in Polish preschool children between the years
2008 and 2018, the number of children with normal BMI was higher, whereas a decrease
was noted in the number of children with overweight and obesity between 2008 and 2018
[31]. Furthermore, the study by Koebnick et al., which included a Southern California
pediatric population, showed that the prevalence of excessive weight declined between
2008 and 2013 [32].

In our study, the medians of maternal and paternal age among preschool children
were significantly higher in 2017 than in 2007. The differences can be justified by the fact
that in the developed world, the average age at which people have children is increasing
rapidly [33].

The results of our study regarding the association between child BMI z-score and
birth weight match previous studies. In a study by Olson et al., infant birth weight was
positively associated with a higher risk of obesity in children aged 4 [34]. According to the
meta-analysis by Yu et al., birth weight above 4000 g was associated with an increased risk
of later obesity, whereas no association was found in the group of children with normal
and low birth weight [35]. Results of our study indicated that preschool-aged children’s
BMlI is correlated with parental weight status. These results are in line with the previous
cross-sectional study regarding Polish preschool children; in this study, children who had
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obese mothers had a higher risk of excess weight (adj. OR = 2.66, 95% CI: 1.44-4.89); the
risk of excessive weight in children when both parents were obese was even higher (adj.
OR = 5.31, 95% CI: 2.48-11.4) [28]. In a study by Olson et al., there was no significant
association between overall maternal change of weight between 1 year and 2 years
postpartum and children’s weight; however, children of mothers who had lost weight
during this period were less likely (p < 0.05) to have excessive weight than children whose
mother’s weight was stable or had gained weight [34]. The results concerning the positive
correlation between BMI z-score of a child and maternal pregnancy weight gain obtained
from our study are consistent with the study by Rossem et al., which indicated that
children whose mothers experienced excessive pregnancy weight gain had a higher
prevalence of overweight (odds ratio [OR] 1.20; 95% confidence interval [CI], 0.99 to 1.46)
and a higher BMI z-score throughout childhood [36]. This study did not identify the
association between parental education level and excessive weight in preschool children.
Some other studies, as well as our study, have not found statistically significant
differences regarding the association between parental education level and the occurrence
of excessive weight in preschool children [37,38].

Developmental factors predisposing to overweight and obesity at age 5 include the
mother’s preconceptional BMI, mothers smoking 1-12 cigarettes/day during the 1st
trimester, a smaller number of children at home, the child’s high birth weight, the female
sex of the child, the pattern of early growth, and nutrition [39,40]. Obesity risk was found
to be strongly related to rapid growth during infancy, an effect linked to nutrition [41].
Various studies indicated that breastfeeding has a protective effect on obesity risk [18,42].
In formula-fed infants, early protein intake was found to be 70% greater than in infants
who were breast-fed this might be associated with an increased infant growth rate and
therefore increase the risk of later obesity [40]. The role of diet in childhood obesity has
been the subject of numerous studies. However, their results regarding associations
between energy intake [43,44], fat and carbohydrate intake [43,45] and obesity prevalence
are conflicting. Although various studies indicated that physical activity might reduce the
risk of childhood obesity [46], intervention studies regarding physical activity in
preschool children were unsuccessful [40].

This study has several limitations that warrant consideration. First, the sample does
not represent the entire population of Poland since it only includes respondents from one
city. Second, there is a lack of data regarding response rate.

Nevertheless, despite these limitations, this study provides data regarding ten-year
differences in nutritional status and obesity prevalence between years 2007 and 2017 and
results regarding risk factors for overweight/obesity in preschool-aged children. The
results of our study might be useful for public health in terms of implementation of
prevention and treatment programs among preschool children. Moreover, results could
be used to identify vulnerable subgroups of children and implement prevention programs
in order to avoid the occurrence of obesity and its comorbid conditions in children and
therefore prevent adverse health outcomes associated with obesity in adulthood.

Further studies regarding nutritional status among preschool children should be
conducted in order to assess the COVID-19 pandemic’s impact on weight status.

5. Conclusions

Among our samples of Polish preschool children, 16.82% were overweight/obese and
4.49% were obese. Overall, the BMI z-score was significantly lower in the group of children
from 2017; however, among the children with overweight and obesity, the BMI z-scores
were higher in 2017 than in 2007. The BMI z-score was positively correlated with maternal
BMI, maternal pregnancy weight gain, paternal BMI, and birth weight.
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