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Abstract: Obesity is a serious problem of our society. A long-term positive trend in body weight gain
continues to persist. Paediatric obesity arises from a changed lifestyle of children, characterised by
an important restriction of their spontaneous physical activity. A lack of physical activity is one of the
most important causes of paediatric obesity associated with a number of serious disorders. The
paper evaluates the effect of physical activity on obesity in second stage pupils of elementary schools
in the region of Usti nad Labem. In their research survey, the authors determine the incidence of
obesity and overweight as well as the relationship between physical activity and obesity in second
stage pupils of elementary schools in the region of Usti nad Labem. The data collection was based on
guestions of the CAV 2001 questionnaire and BMI-for-age. As revealed by the research survey,
problems with obesity and overweight are present particularly in boys. Only a third of boys and girls
engage in sufficient physical activity. At the same time, differences were shown in the study group
where groups with higher BMI values had lower values of physical activity. Subsequently, a
relationship was shown between those who use their bicycle as a means of transport and spend their
leisure time bicycling at the same time. More than two thirds of the study subjects reported using a
bicycle as a means of transport and using their bicycle in their leisure time as a means of being active;
93% of these subjects had normal body weight. Our results confirm the continued pandemic
prevalence of obesity and indicate that appropriate physical activity should be included in the
everyday life of children both at school and outside of school.
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1. Introduction

Due to evolution, the human body is prepared for relatively intensive physical stimulation that
ensures its natural and healthy development. The necessary spontaneous activity is intensive and
incorporates to an appropriate extent all physical abilities but also skills of the child. Paediatric
obesity arises from a changed lifestyle of children, characterised by an important restriction of their
spontaneous physical activity. Obesity is a serious problem of our society where the rate of
overweight and obese persons approaches 60%. A risk situation can also be observed in children and
adolescents. An evaluation of development performed already in the second half of the previous
century indicated a long-term positive trend in body weight gain. Obesity thus becomes an extensive,
not only economic problem for the entire healthcare system [1-2].

Obesity is a chronic, multifactorial disease. It develops due to a positive energy balance, particularly
in persons with polygenic susceptibility to accumulation of fat. According to etiopathogenetic factors,
it is most commonly divided into common obesity, which represents more than 90%, monogenic,
obesity induced by certain drugs, obesity associated with endocrine diseases, and hereditary
syndromes [3-5]. As regards the most prevalent common obesity, the deposition of fat is conditioned
by many genes. According to Hainer et al. [3], more than 600 genes, markers and chromosomal
regions are currently known to be associated with obesity. These genes affect, in particular, the
regulation of food intake, including the feeling of hunger or satiety, eating behaviour with preference
of certain foods, the absorption, processing, burning and deposition of consumed nutrients, but also
the amount of hormones that regulate the energy balance [6].

The development of overweight and obesity is mostly affected by an increased percentage of fats in
the diet given their high energy density, attractive taste, low satiation and postprandial
thermogenesis [7]. More than 80 factors are involved in the development of obesity, including but
not limited to intrauterine programming, prenatal and postnatal epigenetic factors, targeted
selection of partners, some infections, short sleep duration or poor eating strategies [8-12].

Simple obesity is present in the vast majority of cases in our population, caused by an imbalance
between energy intake and expenditure. It is certainly affected by some genetic preconditions, as
well; however, unfavourable epigenetic aspects are crucial, in particular. If the child is influenced
from early stages of its development (e.g. maternal obesity or smoking, course of the pregnancy,
weight gain of the foetus, etc.), relatively unfavourable programming of the organism is the result.
And if these changes are further supported by an unfavourably increased energy intake or
inappropriate diet, they lead to excessive adipose tissue deposition already in a young age. An ever
more decreasing level of spontaneous physical activity is thus found in children, together with a
decline in their physical fitness and reduced motor development. On the contrary, obesity supports a
temporary overall acceleration of the child’s growth with acceleration of secular changes of the body
[13-15].

Obesity and overweight represent a crucial current problem that poses a significant threat to the
health of the population. Many serious diseases exist that are associated with, or may be a
complication of overweight and obesity. These include, in particular, metabolic, cardiovascular,
respiratory, oncological, gastrointestinal, orthopaedic and psychosocial complications as well as
some endocrine disorders [16-17]. Unfavourable manifestations affecting the cardiovascular system
pose the greatest threat to the lives of obese individuals, particularly those with abdominal obesity.
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Some physicians characterise these changes as the so-called global cardiovascular risk where an
increased amount and often also an inappropriate distribution of fat have an adverse impact on
lipoprotein metabolism. Plasma concentrations of total cholesterol, triglycerides and low-density
lipoprotein cholesterol (LDL-C) increase while the high-density lipoprotein cholesterol (HDL-C) level
decreases. This developing dyslipidaemia supports atherosclerotic processes in the vascular system
and increases the cardiovascular risk several times — the so-called atherogenic dyslipidaemia, e.g. 1
Ipsen et al. [1], Vekic et al. [2] and Youseffi et al. [18]. Insulin resistance also plays a key role in the
development of these changes. Its onset is probably driven by an interaction between genetic
preconditions of the individual and some external factors. Besides some neurohumoral and immune
mechanisms, the composition of the consumed diet is also important [19-20]. The above described
changes result in the metabolic syndrome caused, in particular, by an increased adipose tissue mass,
but also by changes in the muscle tissue or in the secretory portion of the pancreas [21-22]. Obesity,
particularly visceral deposition of fat, also significantly increases the risk of type 2 diabetes mellitus
[23-24]. A high risk of cardiovascular disease is associated predominantly with adverse
atherosclerotic changes. These changes result from an inflammatory process with deposition of lipids
in the vascular wall. It is triggered by a number of processes including inappropriate diet, abdominal
obesity, dyslipidaemia and insulin resistance, but also by e.g. arterial hypertension or smoking [25-
27]. These changes subsequently increase the risk of many serious clinical symptoms such as
ischaemic heart disease, myocardial infarction or a cerebrovascular insult.

Obesity supports the development of other serious conditions, such as those affecting the motor and
respiratory systems, or some cancer diseases. Increasing weight poses an enormous strain on the
motor system. But even the adverse metabolic alterations caused by developing obesity affect the
bone structure. This results in bone loss and adverse bone restructuring leading to decreased bone
strength, e.g. Alberti et al. [21]. At the same time, increased weight poses a considerable mechanical
strain on every joint of the obese individual, resulting in the development of osteoarthrosis [28].
Additionally, obesity has an adverse impact on the ventilatory function of the respiratory system due
to, in particular, reduced elasticity of the thoracic wall and impaired contraction strength of
respiratory muscles. Not only activity-induced dyspnoea, but also dyspnoea at rest are thus often
found in obese individuals. This may, in some cases, even lead to obstructive sleep apnoea [22], [29].
Furthermore, adipose tissue dysfunction may most likely have an adverse effect on the development
of some tumours [30-31].

All these health risks increase in proportion to BMI values. An obese child is already affected by many
health-related complications. Obesity in childhood, often persisting until adult age, is a significant
predisposing factor for the development of serious cardiometabolic and psychosocial complications
and contributes to a shorter life expectancy [32].

Physical activity plays a crucial role in the prevention of obesity and diseases associated with the risk
factors of obesity, it leads to the prevention of serious cardiovascular, metabolic, cancer diseases
while at the same time improving the quality of life. If indicated to an appropriate extent, physical
activity contributes to a reduction of weight, weight maintenance, and also to an improvement of
metabolic complications [33-34]. Physical activity from an early age provides the most suitable way
of primary prevention of obesity, i.e. at a time when a positive relationship and attitude to physical
activity and to its lifelong practice are formed [35-36]. A considerable decrease in physical activity is
currently observed in the life of an individual from childhood to adult age, particularly due to the
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sedentary lifestyle. However, decreasing physical activity has been demonstrated to be associated
with an increase in obesity development [37]. Physical activity of moderate intensity for at least 60
minutes a day is recommended for children and adolescents from 7 to 15 years of age. Under these
conditions, physical activity represents about 30-50% of daily energy expenditure and is one of the
main factors contributing to a positive energy balance despite a reduced intake of energy and fats
[38-39]. An adjustment of energy balance during growth is affected particularly by increasing energy
expenditure through physical activity. According to Lavie et al. [34] Sattar et al. [40]., the nature,
sufficient intensity, frequency and duration are the decisive indicators. Dynamic, aerobic activities
are most important for older children and adolescents, which also contribute to fat reduction in
already obese individuals.

Appropriate goals in the management of excessive body weight are focused on achieving a realistic
weight loss needed to reduce the health-related risks. The goals also include an effort to maintain
the achieved reduction and to prevent a recurrent weight gain. The goals of obesity management are
wider and include, in particular, an effort to reduce the risks and improve health. This can be
achieved by weight reduction, optimally by 5-10% of the original body weight, particularly through
increased physical activity and improved nutritional values of the diet. The role of physical activity in
the reduction regimen depends on patient age, obesity degree and presence of health-related
complications [18,41]. An essential goal of obesity management is to reduce metabolically active
adipose tissue and to reduce the risks of health-related complications of paediatric obesity. This can
be achieved even by a slight weight reduction and regimen measures. The treatment of children by
physical activity should achieve, in particular, changes in their body composition; this means
reduction of the body fat volume with concurrent increase in height, and development of active fat-
free mass [42]. The prescribed physical activity must be individualized. The therapy is based on
interdisciplinary cooperation of specialists [43-45].

Energy expenditure during physical activity depends on intensity and duration of the activity, on
body weight and training, and also on neurohumoral and sympathoadrenal activation. The
adherence to recommendations leads not only to overweight and obesity reduction, but also to an
improvement of the individual’s cardiorespiratory and cardiovascular systems, muscle strengthening
and improvement of bone health, as well as to a reduction of depression or anxiety [40], [46].

The treatment with physical activity and increasing physical fithess and aerobic capacity provides the
easiest way to utilization and reduction of fat reserves while developing muscle mass and vital organs
[36,47]. Other authors, e.g. Gudzune et al. [48], Kasalova-Darikova et al. [49] and Yousefi et al. [18]
report a number of positive changes after reduction therapy. These include, in particular, decreased
BMI and body fat percentage, body circumference values, oxygen consumption and energy
expenditure with the same comparable physical strain. These changes contribute to increased
spontaneous physical activity and participation in physical educational programmes. At the same
time, they are associated with a decrease in systolic and diastolic blood pressure and serum lipid
concentrations. Furthermore, a decrease in leptin and insulin levels can be observed and the positive
glucose tolerance also changes.

Physical activity impacts the energy metabolism, adipose tissue metabolism and metabolic
complications associated with obesity. In the whole-body energy metabolism, physical activity
changes the energy balance of the body by increasing energy expenditure; furthermore, it affects
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energy expenditure at rest and postprandial thermogenesis (energy needed to process and utilize
consumed food), and it the relative representation of fats when covering energy expenditure at rest
as well as during physical activity. The overall energy expenditure increases with an increased
amount of physical activity. The expenditure depends on the type and volume of physical activity
while the key roles are played by its duration and intensity. And when regular physical activity is
accompanied by an appropriate diet, its effect on energy expenditure at rest is even greater. A one-
time physical strain in obese individuals also increases postprandial thermogenesis after the activity
[50-51]. Physical activity has a clear positive impact on metabolic complications associated with
obesity. This includes, in particular, insulin resistance, dyslipidaemia and hypertension. Regular
physical activity reduces insulin resistance and this reduction persists for up to 72 hours from the end
of physical strain, and according to some studies, it becomes even more profound when
accompanied by a reduction diet. Physical activity has a similar effect in individuals with
hypertension where the post-exercise hypotension persists for up to 42 hours [52].

The data that summarizes the development of obesity in 10-year intervals has been summarized by
Prokopec [53] who showed a long-term positive trend in body weight increase. These measurements
were built on by other authors following body characteristics of our children in 2001 [55]. As
confirmed by their results, the percentage of obese boys increased in all age groups during the study
period, while the excessive weight percentage increased only in schoolchildren. In the sample of girls,
the percentage of both excessive weight and obesity increased in all studied age groups with the
exception of the oldest age group. A relatively clear evaluation of the long-term trend (in 1951 to
2001) in overweight and obesity development in our 7-year-olds was also performed by Kunesova et
al. [56-57]. As shown by the results, the percentage of overweight (including obesity) increased in
both sexes; specifically, from 13.0% to 26.8% in boys and from 10.9% to 22.9% in girls. The evaluated
prevalence of obesity increased from 1.7% to 8.3% in boys and from 1.7% to 6.9% in girls. Further
development of overweight and obesity in our children was recently evaluated by the study “Zdravi
déti 2016“(“Children’s Health 2016“) in a sample of 5132 children in age groups of 5, 9, 13 and 17
years. The study sample included 8.1% low weight respondents, while 74.1% respondents had
normal weight, 7.5% were overweight and 10.3% were obese. Based on an evaluation of
development during the past 20 years, the percentage of children with higher weight thus increased
by 7% and the rate of obese children almost doubled. However, the rate of obese or overweight
children remained the same between 2011 and 2016. The National Institute of Public Health (NIPH)
[58] processed the development status in our children and adolescents for the past two decades. The
results showed a considerably increasing higher than normal weight in our boys and girls.
Summarizing the data, we can confirm that the values of overweight and obesity keep rising in our
children [59].

As regards an evaluation of paediatric overweight and obesity prevalence in the region of Usti nad
Labem, we must note that no necessary data is available. Although some theses were found in
available literature, which focused on the issue of obesity in this region, an intentional group of only
several tens of individuals was described in all cases (e.g. Mikulencova [60], Sykorova [61], Zitn4,
[62]. The thesis of Nosek [63] was the only partially more “extensive” study, which followed some
anthropometric data in the group of 424 boys and 382 girls of 16 elementary schools and multi-year
grammar schools in the region of Usti nad Labem. The portion of overweight and obese children in
this thesis represented 25.8% of the study individuals, while the rate of obese boys was 13.4% and
that of obese girls was 8.1%.
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On the contrary, data available for the global situation of overweight and obesity prevalence is
extensive and the presented data is comparable in many cases, although sometimes also different
from the situation in the Czech Republic. For example, the data of the World Health Organization
related to the situation in Europe confirmed serious prevalence of paediatric overweight (including
obesity) in 6-year to 9-year old children, ranging between 18% to 57% in boys and 18% to 50% in
girls, while the prevalence of obesity reached 6% to 31% in boys and 5% to 21% in girls [64]. It is thus
certain that we are facing a serious pan-European problem. Nevertheless, it should be kept in mind
that large differences exist not only between individual evaluated European countries where obesity
has been increasing, particularly in southern European countries, but also between specific regions.
Obviously, paediatric obesity is also affected by a number of other external factors of the
environment in which the child lives. The fact that the prevalence of obesity has been increasing due
to these changes also in the Czech Republic, not only in children, but also in adults, is clearly an
adverse observation [18,61].

The purpose of our paper is to enhance the knowledge of the current spread of overweight and
obesity as assessed by the BMI, with respect to sports and physical activity in second-stage pupils of
selected elementary schools in the region of Usti nad Labem. Physical activity plays a key role in the
prevention of obesity and diseases where it is involved as a risk factor.

2. Materials and Methods

The research survey was performed in 1073 second-stage pupils. The schools were determined based
on an intentional selection to make sure that they covered the area of the region of Usti nad Labem
and were found in communities and towns or cities of various sizes. Of the 30 selected schools, 17
agreed to the data collection. The survey was performed in 2019 and 2020 in all second-stage pupils
of these schools present on the day of the survey. Informative data describing the relationship to
sports and physical activity was based on questions of the CAV 2001 questionnaire [65], pupils
indicating 7 and more hours of sports and physical activity (SPA) per week, excluding physical
education classes, were considered as respondents with sports activity. An informed consent of the
parents was obtained before performing the survey. The pupils were examined during physical
education classes. The body weight was evaluated using calibrated scales and the physical height was
measured using a calibrated gauge. Given that the Body Mass Index (BMI) gradually increases from
the end of preschool age until adult age, we used the “BMI-for-age” values [66]. The ranges
characterising the weight together with resulting health risks are presented in Table 1. The data
collection was approved by the Ethics Committee of PF UJEP (Faculty of Education, J. E. Purkyné
University) (1/2019/01) and was performed based on an informed consent of the parents.
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Table 1. Body weight classification according to BMI
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Classification BMl value Health risk
Underweight <18.5 Low

Normal weight 18.5-24.9 Average

Increased weight 225 Average

Overweight 25-29.9 Slightly increased
Obesity class | 30.0-34.9 Moderately increased
Obesity class Il 35.0-39.9 Highly increased
Obesity class Il >40 High

The study group included 1073 pupils of elementary schools in the region of Usti nad Labem aged
11-14 years, attending the 6th to the 9th classes, comprising 571 boys and 502 girls (Table 2). Mean
age of the girls was 12.9 years and that of the boys was 13.1 years.

Table 2. Distribution of boys and girls in the group according to the school year

6th class 7th class 8th class 9th class Total
Boys 168 144 128 131 571
% 29.42 25.22 22.42 22.94
Girls 146 154 113 89 502
% 29.08 30.68 22.51 17.73
Total 314 298 241 220 1073

The determined data is presented in tables and graphs. Significance tests are also used in addition to

basic descriptive characteristics. The ? test for independence and the Anova test were used to

evaluate the determined relationships and to determine any differences. The null hypothesis was

rejected with the probability of error below 5%, i.e. when the p value decreased below 0.05. The

Shapiro Wilk test was used to determine normality of the data [67].
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3. Results
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It can be noted that in the studied group of second-stage pupils of elementary schools, problems
with obesity and overweight were found predominantly in boys. We can confirm that these problems
are more common in boys. Table 3 presents the distribution of boys and girls in the group according

to their normal BMI.

Table 3. Distribution of boys and girls according to normal BMI

Underweight | Normal weight | Overweight Obesity Total
Boys 28 408 124 11 571
% 4.90 71.45 21.72 1.93
Girls 24 423 55 0 502
% 4.78 84.26 10.96 0.00
Total 52 831 179 11 1073

Pearson Chi-square: 33.8792; df=3; p=0.000000

Table 4 presents mean SPA values per week (hours) in boys and girls. Based on this indicator, the
boys and the girls were divided into sporting (7 and more hours of SPA in their leisure time) and not

sporting (less than 7 hours of SPA in their leisure time) as follows from Table 5.

Table 4. Mean SPA values per week (hours)

Number Mean Median Minimum Maximum Std. Dev.
Boys 571 4.82 3.00 0.00 26.00 4,98
Girls 502 4,59 4.00 0.00 30.00 3.94
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Sporting Not sporting Total
Boys 173 398 571
% 30.30 69.70
Girls 156 346 502
% 31.08 68.92
Total 329 744 1073

Pearson Chi-square: 0.076050; df=1; p=0.782724

It can be noted that the percentage of boys and girls with physical activity is in the same order of

magnitude; at the same time, none of the sexes was shown to have significantly more SPA hours in

their leisure time (p= 0.388476).

Subsequently, we were interested in any possible relationship between SPA and normal BMI. The
results are presented in Table 6.

Table 6. Relationship between SPA and normal BMI

Sporting Not sporting Total

Underweight 18 34 52
% 34.62 65.38

Normal weight 292 539 831
% 35.14 64.86

Overweight 19 160 179
% 10.61 89.39

Obesity 0 11 11
% 0.00 100.00

Total 329 744 1073

Pearson Chi-square: 46.9167; df=3; p=0.000000
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It can be noted that a relationship between SPA and BMI has been found, i.e. children with the
recommended amount of physical activity, thus 7 and more hours per week, have lower BMI values.

At the same time, we were interested in finding any possible differences between SPA duration in
the groups of children in individual BMI categories. Tables 7 and 8 present Anova test results. Based
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on the results, differences in SPA duration were demonstrated for individual BMI categories,

meaning that lower SPA values are found in groups with higher BMI.

Table 7. Mean SPA duration (hours/week) in boys with respect to their normal BMI

Number Mean Minimum Maximum Std. Dev.
Underweight 28 5.28 0.00 21.00 5.590052
Normal w. 408 5.18 0.00 26.00 5.323744
Overweight 124 3.71 0.00 17.00 3.456523
Obesity 11 3.27 0.00 6.00 2.284334

Table 8. Mean SPA duration (hours/week) in girls with respect to their normal BMI

Number Mean Minimum Maximum Std. Dev.
Underweight 24 5.08 0.00 14.00 4.210924
Normal w. 423 4.57 0.00 30.00 3.922822
Overweight 55 4.55 0.00 20.00 4.095246
Obesity 0
Table 9. Anova test
SS Effect | MS Effect | SS Error df MS Error F p
Error
PA 153.77 51.26 21812.96 | 1069 | 20.41 2.51 0.05
amount

As follows from Table 10, a relationship has been demonstrated between individuals who use their
bicycle as a means of transport and spend their leisure time bicycling at the same time, and normal
BM, i.e. these children have lower BMI values and 93% of them are found in the normal weight

category.
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Table 10. Relationship between individuals who prefer using a bicycle, and normal BMI

Prefer using bicycle Not prefer using bicycle Total
Underweight 51 1 52
% 98.08 1.92
Normal weight 769 62 831
% 92.54 7.46
Overweight 160 19 179
% 89.39 10.61
Obesity 3 8 11
% 27.27 72.73
Total 983 90 1073

Pearson Chi-square: 64.1709; df=3; p=0.000000

4. Discussion

Based on evaluation of the trend in obesity and overweight incidence in our research survey in
second-stage children of elementary school in the region of Usti nad Labem, boys achieve higher
body weight according to BMI categorization. Our results differ only slightly when evaluated,
including normal values, together with the results of studies by Blaha et al. [54], Jira [57], KuneSova
et al. [56], Prokopec [53], Vignerova et al. [55]. Optimal weight was found in 71% boys and 84% girls.
On the contrary, higher than optimal weight was found in 22% boys and 11% girls.

The research survey of the group of 1073 pupils, 571 boys and 502 girls, of the region of Usti nad
Labem was undertaken to determine the incidence of obesity and overweight as well as the
relationship between physical activity on one hand and obesity and overweight on the other. Our
evaluation of obesity and of the relationship between obesity and physical activity provided the
following results. Problems with obesity and overweight are present predominantly in boys (23%)
compared to girls (11%). Both boys and girls of the study group were engaged in about the same
percentage of physical activity. Only 30% girls and 31% boys reported being engaged in physical
activity (more than 7 hours a week excluding physical education classes). Comparing the amount of
physical activity and BMI values, it can be noted that we have found a relationship between physical
activity and BMI, i.e. differences in terms of physical activity duration were demonstrated in
individual BMI groups — groups with higher BMI values showed lower values of physical activity.
Subsequently, we demonstrated a relationship between individuals who use their bicycle as a means
of transport and spend their leisure time bicycling at the same time. More than two thirds of the
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subjects reported using their bicycle as a means of transport and using their bicycle in their leisure
time as a means of being active; 93% of these subjects had normal body weight.

At the same time, we demonstrated the expected favourable relationship between physical activity
and observed BMI values. Higher BMI values were found in pupils not engaged in the required
weekly physical activity. Clearly, no markedly different, higher-risk values were found in the second-
stage pupils of the selected elementary schools in the region of Usti nad Labem compared to the
data of the “Children’s Health 2016“ [58]. For example, these findings have been demonstrated by 48
Hainer [3], Lobstein et al. [68] and Stranavska et al. [69] who emphasized regular physical activity as a
major factor of health and of a healthy lifestyle for maintaining the functions of the body and also as
one of obesity prevention factors. It is also important to realize that physical activity, particularly on
the level of fitness training, is now becoming a compensation of insufficient physical strain and
mental pressure as a consequence of the contemporary predominantly sedentary way of life.

Our results also indicate that only one third of the pupils were physically active, while the percentage
was about the same in boys and girls — 30% for boys and 31% for girls. This information provides
evidence of preferred leisure time spending e.g. by engaging in computer technologies or watching
TV. This claim is based on the results of the research project Jira [57] where the young people report
ed watching TV as their most favourite leisure time activity. Also, we can confirm the results of the
STEM/MARK [70] research project; this project provided interesting results — namely that on average,
every week children spend 11 hours watching TV, 5 hours and 20 minutes on the computer, 5 hours
performing non-organized activities and only 2 hours in hobby groups.

Furthermore, our results demonstrated a relationship between the amount of physical activity and
BMI. The higher the physical activity rate, the lower the BMI values in the study group. These results
provide evidence that besides the so-called family therapy associated with diet modification, it is an
increased physical activity that is one of the most important effects in childhood obesity prevention
and management. The results indicating a favourable impact of physical activity on an individual’s
weight were further supported by yet another finding, namely the relationship between bicycling and
BMI values. More than two thirds of the subjects reported using their bicycle as a means of transport
and also in their leisure time, as a means of spending their leisure time actively, also with their
family; 93% of these subjects had normal weight. This data is also supported by the findings of
Forytkovd [71]; according to the results of scientific exploration of these authors, the role of parents
in the context of paediatric obesity is robust, global and multidisciplinary. Besides dietary habits, all
possibilities that will support predominantly movement stimulation in any potential “extra-
curricular” activities of children should be activated. Physical activity habits learned during childhood
are carried over to adulthood. As confirmed by extensive research of Telama et al. [72], regular
physical activity performed between 9—-18 years of age considerably increases the probability that
the individual will be active also in adult age. The probability of an active lifestyle in adulthood
increases proportionally to the time spent doing sports in childhood. We also agree Whitehead [73]
who reported that the support and motivation of parents and pedagogues was essential for
adequate physical activity of the children. Physical skills or physical literacy should be included in the
five essential types of literacy. According to its concept, physical literacy should lead to a desire to be
active, improve one’s own physical skills, develop abilities and try new forms of physical activity. In
this respect, Martinek [74] reported that physical activity showed a strong relationship with body
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weight reduction but that obese individuals often lacked motivation in their effort to reduce their
body weight. This is precisely why the role of parents and pedagogues is so significantly motivational.

In our research survey we used BMI to evaluate overweight and obesity; this approach is useful for
examination of a larger group of respondents as regards its quickness. BMI is a globally recognized
index applicable to all age categories [41,75]. Indices calculated from anthropometric parameters,
such as BMI, should be evaluated based on national percentile graphs and the dynamics of
development of their values should be followed in time. We are aware that providing an inaccurate
result for persons with a non-standard portion of any body tissue, e.g. those with an above-average
muscle tissue percentage, is a drawback of BMI. Such individuals were not included in our research
survey. More accurate but also more time demanding methods would be more appropriate for a
more accurate evaluation of body composition and obviously of obesity, including but not limited to
calliper measurement or the bioelectrical impedance analysis method [71].

5. Conclusions

Besides the role of the family, the role of the school is also important in obesity management in
children; the school should create an active environment for the prevention of overweight and
obesity in children. This can be achieved by establishing a connection between education in healthy
lifestyle and especially nutrition and physical activity on one hand and practical realisation on the
other, and physical activity of the children also out of regular school classes [76]. Realistic goals with
respect to physical activity and dietary habits are a precondition of successful prevention and
management of obesity. The purpose is to develop an interest in physical activity through new sports
and exercises. To ensure its sustainability, it is necessary to create a need of such a regular physical
activity that the children will like, that will be easy to realise, while supporting the desirable energy
expenditure. The development of proper dietary and physical activity habits can be facilitated
through training in cognitive-behavioural techniques. For example, to train the child and their family
not to pay excessive attention to eating, weight and body shape. The need of physical activity in
childhood is physiologically higher than in adult age and it is the most appropriate approach in the
prevention and management of obesity. It is thus necessary to eliminate the results of lifestyle
changes in our children that lead to further metabolic changes in the body, associated with, in
particular, increasing overweight and obesity, both in the family setting and at school [77].

When physical activity is indicated, it is necessary to observe the principles for a positive health
effect of physical activity. The essential FITT rule — meaning frequency, intensity, time and type of
activity — should be observed. Aerobic exercise is crucial in weight reduction. This type of activity
provides sufficient oxygenation of the body, and after a certain period of time during which the
glycogen reserves are used up, adipose tissue starts being processed as a preferred energy substrate.
At the same time, the ketone levels start rising; ketones are a product of fatty acid degradation,
which reduce the feeling of hunger. The intensity can be objectively determined by measuring the
heart rate. If the main goal of the patient is to reduce adipose tissue, moderate intensity of physical
activity is preferred, i.e. 40-65% of VO2 max. [34,50]. In the optimal range suitable for weight
reduction, the body utilizes fat reserves as a source of energy; the intensity of exercise, expressed as
heart rate, should correspond to 50-75% of the maximum heart rate (MHR). The indication of
physical activity should be individualized; generally, higher values are more appropriate for younger,
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trained and especially healthy individuals, while lower values should be used for older persons,
convalescents or beginners [46,72].

According to the guidelines of the European College of Sports medicine, US National Institutes of
Health and the American College of Sports Medicine, the physical activity volume with an energy
expenditure of 4200 kJ/week is sufficient to provide a beneficial health effect [78-79]. Physical
activity of moderate intensity, with the duration of 150-250 minutes per week, leads to a mild
weight loss. More profound changes in terms of weight loss can be achieved using physical activity
taking longer than 250 minutes per week. The time of 250-300 minutes per week is sufficient to
prevent weight gain, or 300 minutes per week combined with low-energy diet after previous weight
reduction [80-81]. According to available research results, it is currently recommended to combine
aerobic exercise with dynamic force training and force activity [42,82]. An optimal combination of
aerobic and force training has been shown to be the most appropriate method leading to weight
reduction and to an overall improvement or maintenance of a good physical condition [83-86].

Supplementary Materials:

Table S1: Body weight classification according to BMI, Table S2: Distribution of boys and girls in the
group according to the school year, Table S3. Distribution of boys and girls according to normal BMI,
Table S4. Mean SPA values per week (hours), Table S5. Distribution of boys and girls according to


https://doi.org/10.20944/preprints202011.0322.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 November 2020 d0i:10.20944/preprints202011.0322.v1

SPA, Table S6. Relationship between SPA and normal BMI, Table S7. Mean SPA duration
(hours/week) in boys with respect to their normal BMI, Table S8. Mean SPA duration (hours/week)
in girls with respect to their normal BMI, Table S9. Anova test, Table S10. Relationship between
individuals who prefer using a bicycle, and normal BMI

Acknowledgments: This research was funded by creative activity support grant of Jan Evangelista
Purkyné University in Usti nad Labem, grant number: UJEP-IGA-TC-2019-43-01-2.

Author Contributions: Conceptualization, J.P., L.P.; D.C.; Methodology and Study Design, J.P. D.C.;
Data Collection, J.P., D.P., M.S.; Data analysis, D.C.; Data Interpretation, J.P. and L.P.; Writing -Original
Draft Preparation, J.P. and L.P.; Writing — Review & Editing, J.P., D.C, D.P.; Visualization, J.P. and D.C,;
Project administration, J.P.; Supervision, L.P.; All authors have read and agreed to the published
version of the manuscript.

Conflicts of Interest: The authors declare no conflict of interest.
References

1. Ipsen, D.H.; Tveden-Nyborg, P.; Lykkesfeldt, J. Dyslipidemia: obese or not obese-that is not the
guestion. Curr Obes Rep. 2016, 5, 405-412.

2. Vekic, J.; Zeljkovic, A.; Stefanovic, A.; Jelic-lvanovic, Z.; Spasojevic-Kalimanovska, V. Obesity and
dyslipidemia. Metabolism 2019, 92,71-81.

3. Hainer, V. Etiopatogeneze obezity. In Zdklady obezitologie, 2nd.ed.; KuneSova, M., Ed.; Galén:
Praha, Czech Republic, 2016; pp. 3-19.

4. Hainer, V.; Bendlova, B. Etiopatogeneze obezity. In Zdklady klinické obezitologie, 1st ed.; Hainer, V.
Ed.; Grada: Praha, Czech Republic, 2009; pp. 59-90.

5. Pygeyre, M.; Meyre, D. Monogenetic Obesity. In Pediatric Obesity: Etiology, Pathogenesis and
Treatment (Contemporary Endocrinology), 2nd ed.; Freemark, S.M., Robert, C., Atkins, V. Eds.;
Springer International Publishing: Bern, Switzerland, 2018; pp. 135-152.

6. Langhans, W. Control of eating. In Obesity. Science to Practice, 1st ed.; Williams G., Fruhbeck G.
Eds.; Wiley-Blackwell: Chichester, United States, 2009; pp. 127-163.

7. Dixon, J.B.; Dixon, M.E.; O’Brien, P.E. Alcohol consumption in the severely obese subjects:
Relationship with the metabolic syndrome. Obes Res. 2002, 10, 245-252.

8. Alhéritiere, A.; Montois, S.; Galinski, M.; Tazarourte, K.; Lapostolle, F. Worldwide relation between
the number of McDonald's restaurants and the prevalence of obesity. J Intern Med. 2013, 274, 610-
611.

9. Kocazeybek, B.; Yylmaz, H. Evaluation of Adenovirus-36 (Ad-36) antibody seropositivity and
adipokine levels in obese children. Microb Pathog. 2017, 108, 27-31.

10. McAllister, E.J.; Dhurandhal, N.V.; Keith, S.V.; Aroone, L.; Barger, J.; Baskin, M.; Benca, R.M.;
Biggio, J.; Boggiano, M.M.; Eisenmann, C.J. et al. Ten putative contributors to the obesity epidemic.
Crit. Rev. Food Sci. Nutr. 2009, 49, 868-913.


https://doi.org/10.20944/preprints202011.0322.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 November 2020 d0i:10.20944/preprints202011.0322.v1

11. Rogers, N.L.; Dinges, D.F.; Allison, K.C.; Maislin, G.; Martino, N.; O’'Reardon, J.P.; Stunkard, A.J.
Assessment of sleep in women with night eating syndrome. Sleep 2006, 29, 814-819.

12. Sevinger, G.M.; Sayar, G.H. Sleep related eating disorder: Importance of prebariatric evaluation-A
case report. ORCP 2017, 11, 360-363.

13. Pafizkova, J.; Dvordkova, H.; Baboulkova, V. Development morphological and motor
characteristics during preschool age. Biom. hum. anthropol. 2012, 29, 1-6.

14. Sigmund, E.; Sigmundov3, D.; Ansari, E.L. Changes in physical activity in preschoolers and first-
grade children. Longitudinal study in Czech Republic. Child: Care Health Dev. 2009, 35, 376-382.

15. Vignerova, J.; Humenikov3, L.; Brabec, M.; Riedlov3, J. Long-term changes in body weight, BMI
and adiposity rebound among children and adolescents in the Czech Republic. Econ. Hum. Biol. 2007,
5, 409-425.

16. Barth, J.H.; O'Kane, M. Obesity services: how best to develop a coherent way forward. J. Clin.
Endocrinol. Metabolismus 2016, 84, 321-324.

17. Gupta, P.P.; Fonarow, G.C.; Horwich, T.B. Obesity and the obesity paradox in hearth failure. CJC
2015, 31, 195-202.

18. Yousefi, R.; Mottaghi, A.; Saidpour, A. Spirulina platensis effectively ameliorates anthropometric
measurements and obesity-related metabolic disorders in obese or overweight healthy individuals: A
randomized controlled trial. Complement Ther Med. 2018, 40, 106-112.

19. 74k, A. Obezita a poruchy lipidového metabolismu. In Zdklady obezitologie, 2nd ed.; Kune$ova,
M., Ed.; Galén: Praha, Czech Republic, 2016; pp. 31-47.

20. 74k, A.; Slaby, A. Aterogenni dyslipidémie a metabolicky syndrom: patofyziologické mechanismy.
Casopis Lékari Ceskych 2008, 147, 459-470.

21. Alberti, K.G.; Eckel, R.H.; Grundy, S.M.; Zimmet, P.Z.; Cleeman, J.1.; Donato, K.A.; Fruchart, J.CH.;
James, P.T.; Loria, C.M.; Smith, S.C. Harmonizing the metabolic syndrome: a joint interim statement
of the International Diabetes Federation Task Force on Epidemiology and Prevention; National Heart,
Lung, and Blood Institute; American Heart Association; World Heart Federation; International
Atherosclerosis Society; and International Association for the Study of Obesity. Circulation, 2009,
120, 1640-1645.

22. Sucharda, P. Zdravotni rizika obezity a nemoci komplikujici obezitu. In Zdklady obezitologie, 2nd
ed.; Kunesova, M., Ed.; Galén: Praha, Czech Republic, 2016; pp. 19-24.

23. Ostergaard, L; Frandsen, C.S.; Madsbad, S. Treatment potential of the GLP-1 receptor agonists in
type 2 diabetes mellitus: a review. Expert Rev Clin Pharmacol. 2016, 9, 1-25.

24. Martinez, L.C.; Sherling, D.; Holley, A. The screening and prevention of diabetes mellitus. Prim
Care. 2019, 46, 41-52.

25. Galkina, E.; Ley, K. Vascular adhesion molecules in atherosclerosis. Arterioscler Thromb Vasc Biol.
2007, 27, 2292-2301.


https://www.sciencedirect.com/science/article/pii/S1871403X16300813
https://www.sciencedirect.com/science/article/pii/S1871403X16300813
https://www.sciencedirect.com/science/article/pii/S0095454318300940
https://doi.org/10.20944/preprints202011.0322.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 November 2020 d0i:10.20944/preprints202011.0322.v1

26. Luo, B.H.; Carman, C.V.; Springer, T.A. Structural basis of integrin regulation and signaling. Annu
Rev Immunol. 2007, 25, 619-647.

27. Vrablik, M. Aterosklerdza: od etiologie po moznosti ovlivnéni. Vnitrni lIékarstvi 2015, 61, 925-931.

28. Loures, F.B.; de Araujo Goéz, R.F.; Labronici, P.J.; Barretto, J.M.; Olej, B. Evaluation of body mass
index as a prognostic factor in osteoarthrosis of the knee. Rev Bras Ortop. 2016, 51, 400-404.

29. de Melo, C.M.; del Re, M.P.; Quaresama, M.V.L.D.S.; Antunes, H.K.M.; Togeiro, S.M.; Ribeiro,
S.M.L.; Tufik, S.; de Mello, M.T. Relationship of evening meal with sleep quality in obese individuals
with obstructive sleep apnea. Clin Nutr ESPEN 2019, 29, 231-236.

30. Avgerinos, K.l.; Spyrou, N.Mantzoros, CH.S.; Dalamaga, M. Obesity and cancer risk: Emerging
biological mechanisms and perspectives. Metabolism. 2019, 92, 121-135.

31. Weihrauch-Bliher, S.; Schwarz, P.; Klusmann, J.H. Childhood obesity: increased risk for
cardiometabolic disease and cancer in adulthood. Metabolism. 2019, 92, 147-152.

32. Hainerov3, |.A.; Zamrazilova, H. Zdravotni a psychosocidlni komplikace obezity u déti a
dospivajicich. Pediatrie pro praxi 2015, 16, 150-153.

33. Haluzik, M.; Mrdz, M.; Lacinova, Z. Jak tukova tkan prispiva ke vzniku metabolickych komplikaci
obezity? Diabetologie—metabolismu-endokrinologie—vyZiva: ¢asopis pro postgradudlni vzdélavani
2014, 17, 64-70.

34. Lavie, C.J.; Laddu, D.; Arena, R.; Ortega F.B.; Alpert, M.A.; Kushner, R.F. Healthy weight and
obesity prevention: JACC health promotion series. J Am Coll of Cardiol. 2018, 72, 1506-1531.

35. Benacka, J. Pohybovy apardt a zdravi: vybrané kapitoly ze sportovni mediciny, 2nd ed.; Paido:
Brno, Czech Republic, 2013; pp. 35-40.

36. Gorner, K.; Boraczynski, T.; Stihec, J. Physical activity, body mass, body composition and the level
of aerobic capacity among young, adult women and men. Sport Sci Pract Aspects 2009, 6, 7-14.

37. Roberto, C.A.; Swinburn, B.; Hawkes, C.; Huang, T.T.K.; Costa, S.A.; Ashe, M.; Zwicker, L.; Cawley,
J.H.; Brownell, K. Patchy progress on obesity prevention: emerging examples, entrenched barriers,
and new thinking. Lancet. 2015, 385, 2400-2409.

38. Erben, K. Homocystein, civilizacni choroby a biochemické zdravi, 1st ed.; Bondy: Praha, Czech
Republic, 2015; pp. 62-65.

39. Salvy, S.J.; de la Haye, K.; Galama, T.; Goran, M. Home visitation programs: An untapped
opportunity for the delivery of early childhood obesity preventiv. Obes Rev. 2017, 18, 149-163.

40. Sattar, A.; Josephson, R.; Moore, S.M. Impact of obesity and other chronic conditions on lifestyle
exercise during the year after completion of cardiac rehabilitation. J Cardiopulm Rehabi Prev. 2018,
37, 262-267.

41. KuneSova, M. Zdklady obezitologie, 1st ed.; Galén: Praha, Czech Republic, 2016; pp. 100-130.


https://www.sciencedirect.com/science/article/pii/S2255497116300271
https://www.sciencedirect.com/science/article/pii/S2255497116300271
https://www.sciencedirect.com/science/article/pii/S2405457718304686
https://www.sciencedirect.com/science/article/pii/S2405457718304686
https://www.sciencedirect.com/science/journal/24054577
https://www.sciencedirect.com/science/article/pii/S0026049518302324
https://www.sciencedirect.com/science/article/pii/S0026049518302324
https://www.sciencedirect.com/science/journal/00260495
https://www.sciencedirect.com/science/article/pii/S0026049518302555
https://www.sciencedirect.com/science/article/pii/S0026049518302555
https://www.sciencedirect.com/science/journal/00260495
https://doi.org/10.20944/preprints202011.0322.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 November 2020

42. Tresierras, M.; Balady, A.; Gary, J. Resistance training in the treatment of diabetes and obesity:
mechanisms and outcomes. Journal of Cardiopulmonary Rehabilitation and Prevention, 2009, 2, 67-
75.

43. Davis, R.A.H.; Halbrooks, J.E.; Watkins, E.E.; Fischer, G.; Hunter, G.R.; Nagy, T.R.; Plaisance, E.P.
High-intensity interval training and calorie restriction promote remodeling of glucose and lipid
metabolism in diet-induced obesity. Am J Physiol Endocrinol Metab. 2017, 313, 243-256.

44. Hoskova, B.; Levitova, A. Zdravotné-kompenzacni cviceni, 1st ed.; Grada: Praha, Czech Republic,
2016; pp. 8-24.

45. Rasmussen, F.; Hancox, R. Mechanisms of obesity in asthma. Curr Opin Allergy Clin Immunol.
2014, 11, 65-72.

46. Garcia-Hermoso, A.; Ceballos-Ceballos, R.M.J.; Poblete-Aro, C.E.; Hackney, A.C.; Mota, J.;
Ramiréz-Vélez, R. Exercise, adipokines and pediatric obesity: a meta-analysis of randomized
controlled trials. Int J Obes (Lond) 2017, 41, 475-482.

47. Davis, M.; Kroh, M. Novel endoscopic and surgical techniques for treatment of morbid obesity: A
glimpse into the future. Surg Clin North Am. 2016, 96, 857-873.

48. Gudzune, K.A.; Doshi, R.S.; Mehta, A.K.; Chaudhry, Z.W.; Jacobs, D.K.; Vakil, R.M.; Lee, C.J.; Bleich,
S.N.; Clark, J.M. Efficacy of commercial weight-loss programs: An updated systematic review. Ann
Intern Med. 2015, 162, 501-512.

49, Kasalova-Darikova, S.; Holub, J.; Ladchova, J. Evropské vybérové Setfeni o zdravi v Ceské republice
EHIS 2008, 1st ed; Ustav zdravotnickych informaci a statistiky Ceské republiky: Praha, Czech Republic,
2011; pp. 14-21.

50. Hainer, V.; Zamrazilovd, H.; Hainerov3, |.A. Existuje metabolicky zdrava obezita. Diabetologie—
metabolismu-endokrinologie—vyZiva: ¢asopis pro postgradudlini vzdélavani 2015, 18, 112-118.

51. Wilkie, H.J.; Standage, M.; Gillison, F.B.; Cumming, S.P.; Katzmarzyk, P.T. Correlates of intensity-
specific physical activity in children aged 9-11 years: a multilevel analysis of UK data from the
international study of childhood obesity, lifestyle and the environment. BMJ Open. 2018, 8, 1.

52. West, D.S; Coulon, S.M.; Monroe, C.M.; Wilson, D.K. Evidence-based lifestyle interventions for
obesity and Type 2 diabetes: The look AHEAD intensive lifestyle intervention as exemplar. Am
Psychol. 2016, 71, 614-627.

53. Prokopec M. Forty years of monitoring child growth in the Czech republic: Methodologies,
outcomes and comparisions. Auxology 1994, 25, 231-240.

54. Blaha, P.; Vignerova, J.; Riedlova, J.; Kobzova.; Krejcovsky, L. VI. celostatni antropologicky vyzkum
déti a mladeZe 2001. Cesko-slovenskd pediatrie 2003, 58, 766-770.

55. Vignerova, J.; Riedlova, J.; Blaha, P.; Kobzova, J.; Krejéovsky, L.; Brabec, M.; Hruskova, M. 6.
Celostdtni antropologicky vyzkum déti a middeZe 2001. Ceskd republika. Souhrnné vysledky. 1st ed.;
Prirodovédecka fakulta Univerzity Karlovy v Praze a Statni zdravotnicky ustav: Praha, Czech
Republic,2006; pp. 20-200.

do0i:10.20944/preprints202011.0322.v1


https://www.sciencedirect.com/science/article/pii/S0039610916300056
https://www.sciencedirect.com/science/article/pii/S0039610916300056
https://www.sciencedirect.com/science/journal/00396109
https://doi.org/10.20944/preprints202011.0322.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 November 2020 d0i:10.20944/preprints202011.0322.v1

56. Kunesova, M.; Vignerova, J.; Patizkov3, J.; Prochdzka, B.; Braunerova, R.; Riedlov3, J.; Zamrazilov3,
H.; Hill, M.; Bldha, P.; Steflova, A. Long-term changes in prevalence of overweight and obesity in
Czech 7 year old children: evaluation of different cut-off criteria of childhood obesity. Obesity
Reviews 2011, 12, 483-491.

57. Jira, O. Déti, mlddeZ a volny cas (Vybrané aspekty problému). Vysledky studie, 1997, 1st ed.;
Institut déti a mlddeze MSMT CR: Praha, Czech Republic, 2020; pp. 27-46.

58. Statni zdravotni Ustav Praha. Systém monitorovani zdravotniho stavu obyvatelstva CR ve vztahu
k zivotnimu prostredi. Subsystém 6, zdravotni stav. Vysledky studie ,Zdravi déti 2016“, 2017.
Available on line: http://www.szu.cz/uploads/documents/chzp/odborne
_zpravy/OZ_16/Zdravotni_stav_2016.pdf. (accesed on 1.9.2020).

59. Statni zdravotni Ustav. Vysledky systému monitorovdni zdravotniho stavu obyvatelstva CR ve
vztahu k Zivotnimu prostredi, 1st.ed.; Statni zdravotni Ustav: Praha, Czech Republic, 2018; pp. 2-20.

60. Mikulencova, M. Obezita u déti pfedskolniho véku, 1st. ed.; Univerzita Jana Evangelisty Purkyné,
Usti nad Labem, Czech Republic, 2014; pp. 18-22.

61. Sykorova, M. Obezita u Zaki mladsiho skolniho véku na Mostecku, 1st ed.; Univerzita Jana
Evangelisty Purkyné v Usti nad Labem: Usti nad Labem, 2013; pp. 12-22.

62. Zitnd, V. Obezita a nadvdha u romskych déti na Ustecku, 1st. ed.; Univerzita J. E. Purkyné v Usti
nad Labem: Usti nad Labem, 2012.; pp. 7-16.

63. Nosek, M. Télesné sloZeni a Zivotni styl 11-12 leté $kolni middeZe v Usteckém kraji. 1st. ed.;
Univerzita Karlova, Praha, Czech Republic, 2011. pp. 34-45.

64. Wijnhoven, T.M.; Raaji, J.M.A.; Spinelli, A.; Starc, G.; Hissapidou, M.; Spiroski, I.; Rutter, H.;
Martos, E.; Rito, A.l.; Hovengen, R. et al. WHO European childhood obesity surveillance initiative:
Body mass index and level of overweight among 6-9-year-old children from school year 2007/2008 to
school year 2009/2010. BMC Public Health. 2014, 14, 780-806.

65. Vignerova, J.; Blaha, P. Sledovdni rustu Ceskych déti a dospivajicich. Norma, vyhublost, obezita. 1st
ed.; Statni statisticky Ustav: Praha, Czech Republic, 2001; pp. 6-173.

66. World Health Organization. Obesity and overweight fact sheet. WHO Media Cent. 2016. Available
on line: https://www.who.int/newsroom/fact-sheets/detail/obesity-and-overweight. (accesed on
27.3. 2019).

67. Hendl. ). Kvalitativni vyzkum: Zdkladni metody a aplikace, 2nd ed.; Grada: Praha, Czech Republic,
2007; pp. 178-200.

68. Lobstein, T.; Jackson-Leach, R.; Moodie, M.L.; Hall, K.D.; Gortmaker, S.L.; Swinburn, B.A.; James,
P.T.; Wang, Y.; McPherson, K. Child and adolescent obesity: part of a bigger picture. Lancet 2015,
385, 2510-2520.

69. Stranavska, S.; Husarova, D.; Michal, J.; Gorner, K.; Kopcakova, J. Body Fat Mediates Assiociation
between Active Living and Health among Adolescent. Int Environ Res Public Health 2020,17, 5715.


http://www.szu.cz/uploads/documents/chzp/odborne%20_zpravy/OZ_16/Zdravotni_stav_2016.pdf
http://www.szu.cz/uploads/documents/chzp/odborne%20_zpravy/OZ_16/Zdravotni_stav_2016.pdf
https://doi.org/10.20944/preprints202011.0322.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 November 2020 d0i:10.20944/preprints202011.0322.v1

70. Kunedova, M. Zivotni styl a obezita v CR-longitudindini epidemiologickd studie prevalence obezity
v CR. Zdvérecénd zprdva z vyzkumu pro MZ CR a Ceskou obezitologickou spolecnost. STEM/MARK:
Praha, Czech Republic, 2006.

71. Forytkova, L.; Bourek, A. Standardy lécebnych postup( a kvalita ve zdravotni péci, 1st ed.; Verlag
Dashofer: Praha, Czech Republic, 2015; pp 126-132.

72. Telama, R.; Yang, X.; Viikari, J.; Valimaki, |.; Wane, O.; Raitakari, O. Physical activity from
childhood to adulthood: a 21-year tracking study. Am J Prev Med. 2004, 28, 267-73.

73. Whitehead, E. M. Physical literacy, physical competence and interaction with the environment. In
Physical literacy throughout the lifecourse, 1st ed.; Whitehead. M. E. Ed.; Oxon: Routledge, United
Kongdom, 2010; pp. 78-90.

74. Martinek, L. Pohybové aktivity jako primdrni prevence. 1st ed.; Jiho¢eska Univerzita: Ceské
Budéjovice, Czech Republic, 2015; pp. 12-18.

75. Bergman, R.N.; Stefanovski, D.; Bouchanan, T.A.; Sumner, A.E.; Reynolds, J.C.; Sebring, N.G.;
Xiang, A.H.; Watanabe, R.M. A better index of body adiposity. Obesity (Silver Spring) 2011, 19, 1083-
1089.

76. Hollenrieder, V. Therapy of diabetes and obesity. MMW Fortschr Med. 2018, 160, 64-67.

77. Svatina, S.; Bret$najdrova, A. Dietologicky slovnik, 1st ed.; Triton: Praha, Czech Republic, 2008;
pp. 45-56.

78. Howell, M.J.; Schenck, C.H.; Crow, S.J. A review of nighttime eating disorders. Sleep Med. Rev.
2009, 13, 23-34.

79. Haskell, W.L.; Lee, I.M.; Pate, R.R.; Powel, K.E.; Blair, S.N.; Franklin, B.A.; Macera, C.A.; Heath,
G.W.; Thompson P.D.; Bauman, A. Physical activity and public health: updated recommendation for
adults from the American College of Sports Medicine and the American Heart Association. Med Sci
Sports Exerc. 2007, 28, 1081-93.

80. Parr, E.B.; Coffey, V.G.; Cato, L.E.; Phillips, S.M.; Burke, L.M.; Hawley, J.A. A randomized trial of
high-dairy-protein, variable-carbohydrate diets and exercise on body composition in adults with
obesity. Obesity (Silver Spring) 2016, 24, 1035-1045.

81. Raiti, S.S.; Raghuaram, N.; Tekur, P.; Joshi, R.R.; Ramarao. N.H. Development and validation of
integrated yoga module for obesity in adolescents. IntJ Yoga 2018, 11, 231-238.

82. Fogelholm, M.; Malmberg, J.; Suni, J.; Santtila, M.; Kyrdlainen, H.; Mantysaari, M.; Oja, P.
International Physical Activity Questionnaire: Validity against fitness. Med Sci Sports Exerc. 2006, 38,
753-60.

83. Watts, K.; Jones T.W.; Davis, E.A.; Green, D. Exercise training in obese children and adolescents -
current concepts. Sports Med. 2005, 35, 375-392.

84. Hawkes, C.; Smith, T.G.; Jewell, J.; Wardle, J.; Hammond, R.A.; Friel, S.; Thow, A.M.; Kain, J. Smart
food policies for obesity preventive. Lancet 2015, 385, 2410-2421.


https://doi.org/10.20944/preprints202011.0322.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 November 2020 d0i:10.20944/preprints202011.0322.v1

85. Agrawal, S.; Gensure, R. Commentary on the impact of obesity on pediatric diabetes. Clin Ther.
2018, 40, 1631-1637.

86. Py$na, J.; Cihlat, D.; Petrd, D.; Py$ny, L.; Obezita u ZGki druhého stupné zdkladnich skol Usteckého
kraje hodnocend BMI. 1st.ed.; Univerzita Jana Evangelisty Purkyné, Usti nad Labem, Czech Republic,
2019; pp. 23-46.


https://doi.org/10.20944/preprints202011.0322.v1

