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ABSTRACT

Introduction. The aim of this study was to compare
the prevalence of chosen components of the meta-
bolic syndrome in Caucasian children and adolescents
living in small town and rural area in central Poland.
The parents’ knowledge on eating habits and level of
physical activity of their children was also analyzed.
Material and methods. We measured anthropometric
parameters, fasting blood glucose, systolic and dias-
tolic blood pressures in 842 school children aged 7 to
16 years. Questionnaire was used to assess the parents’
knowledge about the eating habits and physical activ-
ity of the children.

Results. In studied populations the prevalence of obe-
sity was higher in boys than in girls. Blood pressure
> ¢95 was observed significantly more often in obese
individuals. There was a positive correlation between
obesity and abdominal obesity. Increased waist circum-
ference was observed more frequently in boys in the
youngest age group. Elevated blood pressure was most
frequently seen in children with abdominal obesity.
Adolescents aged 16 years spent the most time in front
of the TV/computer, and those most often consumed
“fast foods” meals. Both in small town and rural areas
girls were less physically active than boys. Over 50%
of parents in both populations regarded the physical
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activity of children as normal, and almost 90% of the
parents accepted children’s dietary habits.
Conclusions. Our results point out the key role of envi-
ronmental factors and gender in the development of
overweight and obesity. It seems necessary to take all
preventive measures to reduce the risk of complica-
tions of obesity in the future life. (Clin Diabetol 2017;
6, 6: 195-203)
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Introduction

In the last decades, the dynamic increase in the
prevalence of overweight and obesity is seen all over
the world [1]. Research shows that overweight and
obesity are found in every two adult polish citizen
[2]. The prevalence of obesity has also dramatically
increased among children and adolescents. According
to the International Obesity Task Force (IOTF) about
10% of children between 5 and 17 years of age have
increased body weight, while 2-3% can be classified as
obese [3, 4]. The prevalence of overweight and obesity
as well as elevated blood pressure in the population of
Polish children and adolescents aged 7-18 years may
reach about 20% in some areas [5, 6]. Prevalence of
overweight and obesity in the youngest age groups
influence to a large extent the quality of life and sur-
vival in later stages of life [7]. The study by Reilly et
al. demonstrated that 26% of obese children aged 1
to 3 years and up to 83% aged 10 to 15 years will be
obese in the adulthood [8]. Obesity increases the risk
of T2DM, hypertension, atherosclerosis, cancer, bone
diseases and psychiatric disorders, and depression [9].
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Table 1. Proposed criteria of metabolic syndrome in children

Criterion Adults, ATP IlI children

ATP IlIl modified by Cruz et al.

High TG level
Low HDL-C level

> 1.7 mmol/l (= 150 mg/dl)
Men < 1.1 mmol/l (< 40 mg/dl)

Women % 1.3 mmol/l (% 50 mg/dl)

Abdominal obesity (via WC) Men > 102 cm
Women > 88 cm
High FPG level > 5.6 mmol/l (> 100 mg/dl)

Hypertension

SBP > 130 mm Hg, DBP > 85 mm Hg or using

> 90th percentile (age- and sex-specific)

< 10th percentile (age- and sex-specific)

> 90th percentile (age-, sex- and race-specific)

> 5.6 mmol/l (= 100 mg/dl)
> 90th percentile (age-, sex- and height-specific)

treatment for previously diagnosed hypertension

Obesity, especially abdominal one, hypertension
(HT) and disorders of carbohydrate and lipid metabo-
lism, basic features of the metabolic syndrome (MS)
(criteria are shown in table 1) are increasingly often
diagnosed in children and adolescents. This creates
serious, medical, social, as well as economic problems
[10, 11]. For this reason it is extremely important to
search for modifiable causes, since it may help to take
effective preventive measures in the future.

The aim of this study was to evaluate the preva-
lence of overweight, obesity, low body weight, elevated
blood pressure, abnormal fasting blood glucose levels
and eating habits in the population of children and ado-
lescents in medium sized town — Zgierz (ZG) and rural
area — Leczyca (LE) in Lodz region (central Poland). The
knowledge of parents on eating habits and degree of
physical activity of their children was also analyzed.

Material and methods

842 Caucasian children and adolescents repre-
sentative of a regional population, aged 7 to 16 years,
were recruited into study — 504 school children in a
middle sized city of ZG (318 girls, 186 boys) and 338
school children in rural area of LE (166 girls, 172 boys).
More than 50% (respectively 56% in ZG and 62% in LE)
of children and adolescents included into the study
belonged to the youngest age group (7-12 years).
Additionally, 1137 parents/legal guardians of included
children participated in the study, among them 728 in
ZG and 409 LE.

A complete physical examination was conducted,
and subsequently, height, body mass, waist circumfer-
ence, hip circumference, fasting blood glucose were
measured in all children participating in the study.
Weight was measured in children wearing light clothes
and no shoes while standing. Height was measured
with a stadiometer, in children standing in an upright
position without shoes, heels together, and the head
positioned parallel to the floor. Waist circumference
(WC) was measured at the midpoint between the lower

196

costal border and the iliac crest at the end of a normal
expiration. Height and WC were measured to the near-
est 0.1 cm, and weight was measured to the nearest
0.1 kg. The percentiles were assessed using tables for
children and adolescents of Lodz region (Poland) [12].
Additionally body mass index (BMI) and waist-hip ratio
(WHR) were calculated.

Systolic and diastolic blood pressures (SBP and
DBP respectively) were taken twice on the left arm
at the end of examination, after the participant was
sitting comfortably for 5 min with the use of the cuff
of mercury sphygmomanometer with appropriately
sized. The average of two measurement was used for
the analysis. Hypertension (elevated SBP or DBP) was
defined as a value that exceeded the 90th percentile
for sex, age, and height or the use of anti-hypertensive
medication [13].

The classification of blood pressure in children
and adolescents was based on the Fourth Report on
the Diagnosis, Evaluation and Treatment of High Blood
Pressure in Children and Adolescents (IVR) [13] and the
assessment of nutritional status on the basis of BMI
according to the criteria proposed by the WHO [14].

Questionnaire prepared for the study purpose
was used to assess the parents’ knowledge about the
principles of nutrition and physical activity of children.

The protocol for this study was reviewed and
accepted by the Ethics Committee of the Medical Uni-
versity of Lodz (Poland). The patients’ parents signed
a written consent form when they and their children/
/adolescent agreed to be enrolled.

Statistical analysis

Data were summarized using frequency tables,
summary statistics, confidence intervals, and p values,
as appropriate. Demographic data are expressed as
means + SD for continuous variables and frequencies
and percentages for categorical variables. Parametric
model assumptions were assessed using Shapiro-Wilk
test to verify normality. Chi-square test was used to
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Table 2. Anthropometric parameters of study participants, ZG vs. LE

Mean Median

Min

Max Q25 Q75 SD

LE G LE ZG LE

ZG LE ZG LE ZG LE G LE ZG

Age (years) 123 125 12 12 8 7 16 16 10 11 16.0 15.0 2.6 2.5
Height [cm] 152.3 154.7 152 157 119 118 1895 188 142 143 163.0 165.0 14.2 15.2
Body mass [kg] 47.3 495 46 49 23 19.8 1346 102 35 379 56.0 59.0 16.5 159
BMI [kg/m?] 20 201 194 196 1238 12 45.2 36 16.9 17 219 224 43 3.9
Glycemia [mg/dl] 102.4 883 102 89 78 51 144 139 96 80 109.0 96.0 99 139
SBP [mm Hg] 109.4 1149 110 115 80 85 160 160 100 105 120.0 124.0 144 13.2
DBP [mm Hg] 64.5 69.2 60 70 48 45 92 100 60 60 700 750 75 8.8
Waist circumference [cm] 72.4 71 48 112 65 79.0 10.5
Hip circumference [cm] 87.8 88 61 121 81 95.0 10.9
WHR [cm] 0.8 0.8 0.7 1.0 0.8 0.9 0.1
: -

O Low body weight

[ Normal body weight G _

= Overweight

Il obesity 0% ZOI% 40I% 60I% SOI% 10I0%

Figure 1. Body weight of study participants, LE vs. ZG

compare categorical variables. The distribution of quan-
titative variables was assessed using the Shapiro-Wilk
test of normality. Since in most cases the distribution
characteristics differed from the normal, Mann-Whitney
U test was used to compare between the groups. Cate-
gorical variables between the groups were contrasted
using the Chi-square (x?) test. Significance was set at
p < 0.05. The statistical analysis was performed using
the Statistica software (version 10).

Results

All 842 children and adolescents were included
into the final analysis. Anthropometric parameters of
the examined children are shown in Table 2.

Abnormal body weight (overweight, obesity,
low body weight) was observed more frequently in
ZG compared to LE. Low body weight was seen in
9.1% of ZG and 3.9% of LE populations (p = 0,003).
Overweight was found in 22.4% and 11.5% of ZG and
LE populations respectively (p = 0.006). Obesity was
seen in 11.5% children in ZG and 10.7% of children in

LE and the difference was not statistically significant
(p > 0.05) (Fig. 1).

Gender differences in body weight

In the study population, a greater percentage of
obese children was seen in boys both in LE (15.7%)
and ZG (14.5%) compared to girls (ZG 9.8%; LE 5.4%)
(p = 0,002). Additionally the percentage of overweight
boys was higher in ZG (22.6%) compared to LE (8.7%)
(p = 0.002)

Girls in ZG compared with girls in LE demonstrated
a greater percentage of low weight (9.4 and 3.0%
respectively), overweight (22.3 and 14.5% respectively)
and obesity (9.8 and 5.4% respectively). However sig-
nificant difference was noted only for low body weight
(p = 0.02) and overweight (p = 0.04).

Age differences in body weight

A percentage of obesity in youngest age group
(7-12 years old) was similar in LE (12.4%) and ZG
(11.7%). Overweight and low body weight was seen in
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Figure 2. Comparison of body weight of study participants in ZG
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Figure 3. Comparison of body weight of study participants in LE

a greater percentage of participants in 7-12 year-olds
in ZG (17.8%, 11.4% respectively), compared with LE
(12.8%, 4.3% respectively) (Fig. 2 and Fig. 3). In this
age group statistically significant difference between
LE and ZG was seen only in the incidence of the low
body (p = 0.005).

In the group of 13-15 year olds higher percentage
of overweight and obese children was demonstrated
in ZG (26.7 and 12.9% respectively) as compared with
LE (12.5 and 5.0% respectively). In contrast, a higher
percentage of adolescents with low body weight was
shown in 13-15 year olds in the LE (5.0%) compared to
ZG (3.0%) (p > 0.05) (Fig. 2) and (Fig. 3).

In 16 year-olds the percentage of obesity was similar
in LE and ZG (respectively 9.1%, 9.8%). A larger propor-
tion of overweight adolescents as well as individuals with
low body weight was observed in ZG (29.5 and 9.0%
respectively) as compared with LE (8.0 and 2.3% respec-
tively). Significant difference was shown only for the
prevalence of overweight (p = 0.001) (Fig. 2 and Fig. 3).

WC > 90c was noted in 14.5% of the study
population, significantly more often (p < 0.004) in
boys (20.4%) than in girls (11.0%) (Fig. 4). There was
a statistically significant relationship of weak force
(C = 0.181) between the presence of abdominal obesity
and gender.
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The highest percentage of children with WC > 90c
was found in the youngest age group (7-12 year-olds),
and the smallest in the group of 16 year-olds (18.2%,
9.8% respectively). The difference reached statistical
significance difference between the incidence of obesity
in these groups (p < 0.04). It has been shown that there
is a correlation of weak force (C = 0.164) between the
occurrence of obesity and age of patients. The results
showed that 79.3% of children and adolescents with
WC > 90c were obese. WC > 90c was seen in 18.6%
overweight and only 2.1% normal weight subjects
(Fig. 5). Significant difference was seen between the
incidence of WC > ¢90 in obese compared to normal
weight children (p = 0.001). There is a strong correla-
tion (C = 0.646) between the presence of abdominal
obesity and body mass.

In the study population higher blood pressure was
demonstrated in ZG group compared to LE (19.2 and
13.3% respectively) and this difference was statistically
significant (Fig. 6) (p = 0.003).

The greater percentage of boys in ZG demon-
strated high blood pressure than in the LE (29%; 14%)
(p = 0.001). There were no statistical differences in this
respect in girls. Both in ZG and LE high blood pressure
(> 95¢) was seen in the greater proportion of obese
children and adolescents (41.4 and 27,8% respectively)



Agnieszka Gtowacka et al., Obesity in children and adolescents

Together
Girls
Boys
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Figure 4. The frequency of increased WC (> 90c) according to gender

Together
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Normal weight

Low body
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Figure 5. The WC > 90c in different weight groups
Together
G
O RR < 90 LE
E RR > c90
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Figure 6. Comparison of blood pressure of study participants, LE vs. ZG

than in children and adolescents with normal weight
(15.7 and 12.0% respectively) (Fig. 7).

In the studied population there were no differences
in the percentage of elevated fasting glucose between
boys and girls in both cities (data not shown).

The highest percentage of physically active children
and adolescents was noted both ZG and LE in 7-12 year-
old (59.6 and 51.7% respectively) compared to older
age groups of 13—15-year-olds (38.3 and 48.3% respec-
tively) and 16-year olds (39.5 and 48.8% respectively).
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Figure 7. Comparison of blood pressure of study participants in different weight groups, LE vs. ZG
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Figure 8. Comparison of parental knowledge on children’s physical activity, LE vs. ZG

The difference in physical activity between these age
groups was significant (p < 0.001) (data not shown).

Children and adolescents aged 7-12 years, both
in ZG and LE adhered the best to the healthy eating
standards (57.7 and 68.2% respectively). On the op-
posite adolescents aged 16 years most often did not
follow the rules of healthy eating (data not shown).

Parents/legal guardians of children’s both in ZG
and LE regarded the physical activity of their children as
normal (respectively 63.9%, 50.7%) (p > 0.05) (Fig. 8).

Both in ZG (88.0%) and LE (88.0%), most parents/
/legal guardians accepted their children’s dietary habits
(Fig. 9) (p > 0.05).

Discussion

It is estimated that approximately 10% of the
world population aged < 18 years is overweight or
obese [15-17]. Over the last 30 years, the incidence of
obesity in children and adolescents has tripled world-
wide [18-21]. In Poland, the prevalence of obesity in
children and adolescents is approximately 12-14%
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and shows huge interregional variation [11, 22]. The
situation is relatively well recognized in large cities.
Less much is known about the incidence of abnormal
body weight in medium size and in the rural areas
like ZG and LE. We observed that obesity was more
frequent in ZG compared to LE. This correlates with
observations of Silesian children, indicating differences
in body weight, depending on the region and place of
residence [23, 24].

The higher incidence of obesity in boys compared
to girls (14% vs. 13.8%) was shown in the US and
Greece [1, 25]. The Polish OLAF study showed that
obesity and overweight in children aged 7-18 years
affects approximately 18% of boys and 14 % of girls
[5] with slightly lower values given by other investiga-
tors [24, 26]. We have also confirmed this association
since both in medium sized city (ZG) and rural area (LE)
obesity was more frequently observed in boys.

Abdominal obesity is associated with an adverse li-
pid profile, insulin resistance and hyperinsulinemia and
is regarded an important criterion for diagnosis of MS in
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Together

Parents LE

Parents ZG
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habits
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Figure 9. Comparison of parental knowledge on dietary habits of children, LE vs. ZG

children and adolescents [4, 21, 27]. A simple indicator
of abdominal obesity (WC) allows indirect assessment
of abdominal fat content [28]. According to NHANES
Il study prevalence of MS among American youth aged
12-19 years increased from 4.2% in 1988-1994 to 6.4%
in 1999-2000 [29]. In Poland, the percentage depends
on the criteria used, and varies from 15 to 30% [16, 30].
In our study, WC > 90c was most frequently observed
among the youngest children and among boys. In the
older age groups WC is much less likely to differ from
what is accepted as a norm. This observation may
confirm the physiological changes in fat distribution
with age. Report of the American Academy of Pediatrics
(AAP) emphasizes the role of improper diet and lack of
physical activity for the development of obesity [30, 31].
Poland national studies indicate that the breakfast is
eaten by only 70% of children. Lunch of 30% of polish
children consists of sweets and high calories drinks [32].
Stawinska et al., noted that dietary errors increase with
age [33]. Our results confirm incorrect quantity and
quality of meals throughout the day in both popula-
tions. As described earlier this phenomenon increases
with age, especially in boys.

Numerous observations have shown that lack of
physical activity and abnormally long leisure time in
teenagers, is often not corrected and accepted by the
parents [34, 35]. Additionally, activities carried out
with a minimum of physical activity, usually in a seated
position, are the preferred form of leisure activity in
children and young adults [11, 35]. The vast majority
of teens practice once or twice a week and spends no
more than 3 to 4 hours a week on physical exercises
[34]. Our results confirm a relatively low physical ac-
tivity in teenagers. A significant percentage of study
participants spend more than two hours a day watch-
ing TV or using a PC and consume more low-quality
high-calorie products. This was especially true for obese

adolescents in the oldest age group, who additionally
often not exercise during PE lessons.

It has been shown that excessive weight and obe-
sity are more common among children living in bigger
cities than in rural areas [36]. These observations only
partially overlap with the observations in the popu-
lations of ZG and LE, because a higher incidence of
obesity was observed in children and adolescents living
in the medium size city compared to the rural area.

Studies conducted in the United States and Poland
have shown that hypertension is present in approxi-
mately 50% of obese children (53% and 40.7% respec-
tively) and only in 9% of children with normal weight
[30, 37]. Meta-analysis has shown that obese children
compared to their normal weight peers are 3-5 times
more prone to hypertension [38]. Obesity is a stronger
risk factor for HT in teenage boys than girls [39]. These
observations are in agreements with our results, because
the blood pressure > c95 was seen in over 16% of the
study population. Additionally, blood pressure exceeding
> 90 (prehypertension) was seen in a significant per-
centage of the study population both in ZG and LE. Due
to the fact that early diagnosis of high blood pressure
in children and adolescents is an important prognostic
factor, parents and children participating in the study
were informed of the results of the survey and the need
to consult with family physician.

According to many authors, diabetes and abnormal
high blood pressure in children — recognized risk factors
for CVD — significantly increase the risk of premature
death. The coexistence of these two pathologies acceler-
ates the development of atherosclerosis in early childhood
[38, 40]. The results of our study indicate that elevated
glucose was reported most frequently in the group of
13-15 year-olds, regardless of the gender of the study
participant. It was also found more common among
teenagers in the middle size town compared to rural area.
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Epidemiological studies in children and adoles-
cent most often assess excess body weight. However,
malnutrition in this age group is not uncommon even
in developed countries. Among the causes of malnu-
trition low socioeconomic status of the family, access
to food, a number of environmental factors (cultural,
ethnic), but also non-healthy lifestyle are mentioned
[41]. Clinical observations show that early detection
of malnutrition is a key element in the prevention
of serious pathologies in children [42]. According to
the research of the Institute of Food and Nutrition
Insitute approximately 30% of Polish school children
are malnourished [43]. Lower number were reported
by Szponar et al. and Biatkoz-Kalinowska et al. [42,
44, 45]. The results of our study confirm the high rate
of malnutrition among children and adolescents in
ZG and LE. This phenomenon was found in 7% of the
study population. At the same time low body weight
was observed more frequently in ZG, especially in boys.

The dominant role of parents in preventing weight
abnormalities in children is continuously stressed. Col-
lins et al., indicate that parents should be involved in
prevention and treatment of obesity in children. Un-
fortunately, parents themselves do not often adhere
to the principles of a healthy lifestyle [35]. Obesity in
children is still not considered a factor contributing
to the development of many metabolic diseases in
the future. An important factor responsible for eating
disorders in children is the lack of knowledge about
the factors contributing to the health of children [39,
46]. These observations are supported by the findings
in the population ZG and LE. Surveyed parents often
do not perceive their children’s eating habits as bad.

Conclusions

In the examined population of medium size city and
rural area, the prevalence of obesity among children
and adolescents was similar to those seen in this age
group living in big cities. In this population multivari-
ate analysis points out the key role of environmental
factors and gender in the development of overweight
and obesity. It is therefore important to take all preven-
tive measures to reduce the risk of obesity complica-
tions in the future. These activities should not only
be multi-directional but also possible to implement
since the earliest years of life. The intervention should
embrace the child, family, nursery school, kindergarten
and school. These tasks, however, require an efficient
system of education and medical care.

The work funded by the Medical University of Lodz;
found number 503/0-077-09/503-01-006
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