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Abstract

Background The main aim of the study is to examine changes in the prevalence of obesity in Czech
adolescents between 2018 and 2022 and its current non-genetic correlates with respect to the adolescents’
families'socioeconomic status (SES) in 2022.

Methods The sample of 24,535 adolescents (n=11,629/12,906,4,5/2022; POYs: 50.4/50.6%:015/2022) aged 10.5-16.5
years that was analysed was drawn from two nationally representative cohorts of Czech youngsters from the last

two cycles of the Health Behaviour in School-aged Children (HBSC) online questionnaire survey from 2018 to 2022.
Obesity is represented by the >97th percentile interval on the World Health Organization Body Mass Index percentile
chart, with distinctions by sex and the age of adolescents. The differences in the prevalence of obesity between boys
and girls from all SES family categories in 2018 and 2022 were tested using a chi-square test (x°). Multiple logistic
regression analysis with repeated measures was used to analyse correlates of obesity in 2022.

Results Between 2018 and 2022, there was no significant difference in the prevalence of obesity in girls or boys

in any of the SES categories of families. Adolescents from low-SES families have the highest prevalence of obesity,
11% for boys and 5.8% for girls, significantly higher (p <.001) than its prevalence among adolescents from high-SES
families, by +4.8% points for boys and +3.9% points for girls. Among adolescents from low-SES families, individuals
who engaged in moderate-to-vigorous physical activity (PA) daily (p <.005) or vigorous PA three times per week
(p<.05) were significantly less likely to be obese than their less active peers. Skipping breakfast significantly
(p<.05) increased the odds of obesity, but only among adolescents from low-SES families. Shorter screen time (ST)
significantly (p <.05) reduced the odds of obesity for all categories of adolescent SES.

Conclusions Obesity is most pronounced in adolescents from low-SES families as a result of a long-term positive
energy balance mediated by unbalanced behaviour. Significantly lower odds of obesity in adolescents from low-SES
families were confirmed to be associated with regular practice of the recommended PA, shorter ST, and not skipping
breakfast.
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Background

The high prevalence of obesity across the age spectrum
of the population continues to be a major health concern
[1] and there is a societal need to provide current valid
information on changes in the prevalence of obesity and
its correlates found in children, adolescents, adults, and
the elderly. Because genetic factors alone cannot fully
explain the obesity pandemic in children and adolescents
[2], it is important to recognise that obesity is primarily
caused by a long-term positive energy balance between
energy intake and energy expenditure that is mediated
by a complex interaction of multiple psychosocial and
biological correlates and family conditions [2, 3]. Preven-
tive factors for obesity include adequate levels of daily
moderate-to-vigorous physical activity (MVPA) and
adequate sleep, while excessive television, computer, and
mobile device viewing (referred to collectively as screen
time (ST)), insufficient sleep, and regular consumption
of sugar-sweetened beverages are considered to repre-
sent unhealthy behaviours that increase the incidence of
obesity [3-5]. However, the prevalence of obesity and its
correlates can change significantly as individuals’ living
conditions change, and such dramatic changes have been
brought about by the COVID-19 pandemic and the mea-
sures taken to contain it [6, 7]. Apart from the disrupted
school regime, the content of out-of-school time during
the COVID-19 pandemic was also different from normal.
Organised sports activities were prohibited both indoors
and outdoors [8], and opportunities for direct interaction
with peers were very limited [9]. Overall, for adolescents,
this meant that their daily routines, in which school and
organised leisure activities occupied a significant portion
of their time, disappeared [10].

Both trend [11, 12] and systematic review [13] studies
have repeatedly found a higher prevalence of obesity in
adolescents from low-SES families than in adolescents
from high-SES families from Canada, the United States,
and Australia. Moreover, the difference in the preva-
lence of obesity between adolescents from low-SES ver-
sus high-SES families has been increasing steadily, and
this was the case even in pre-pandemic times [11, 12].
A similar trend of the widening of the gap in the preva-
lence of obesity between adolescents from low- and high-
SES families was observed between 2010 and 2018 in
11-15-year-old boys and 2014 and 2018 in 11-15-year-old
girls from the Czech Republic [14]. However, the future
direction of the prevalence of obesity among Czech ado-
lescents remains unknown. Available studies show that
during the COVID-19 pandemic, children and adoles-
cents were at significantly increased risk of developing
obesity or worsening obesity-related diseases [6, 7], and
the prevalence of obesity in adolescents in the United
States, China, Italy, Spain, Chile, Brazil, Colombia, and
Palestine increased over that period [6].
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This rightly reinforces the call for changes in health
policy in the post-COVID-19 era that would focus on
more vigorous and effective reduction of obesity through
changing the lives of children and adolescents. Imple-
menting changes in the living conditions of children
and adolescents emphasises the necessary collaboration
among parents, physicians, coaches, policy makers, and
all the co-creators of young people’s daily lifestyles [1, 6,
7]. However, the development of effective obesity reduc-
tion strategies and programmes is contingent on the
most accurate information about the current prevalence
of obesity and its correlates that can be influenced and
changed. Therefore, the present study seeks to contribute
to uncovering changes in lifestyle and health indicators in
adolescents after the passing of the the COVID-19 pan-
demic by describing current changes in the prevalence of
adolescent obesity and its correlates. The main objective
of the study is to identify changes in the prevalence of
obesity in Czech adolescents between 2018 and 2022 and
its current non-genetic correlates with respect to adoles-
cents’ families’ SES in 2022.

Methods

Study design

The comparative study is based on two consecutive
cycles of cross-sectional online data collection from the
Health Behaviour in School-aged Children (HBSC) study.
The international HBSC study is conducted simultane-
ously in more than 50 countries under the auspices of
the World Health Organization (WHO). Its mission is
to provide a wide range of professionals, national and
regional policy makers, educators, and social workers
with relevant, up-to-date data on adolescents’ health and
well-being in their social contexts at school, in the fam-
ily, among friends, and in the neighbourhood, in order to
explain and subsequently improve adolescents’ lifestyles
and health [15, 16]. The HBSC is conducted using a stan-
dardised, internationally developed research protocol
containing a self-assessment questionnaire that is admin-
istered simultaneously in all participating countries for
cohorts of 11-, 13-, and 15-year-old adolescents to estab-
lish consistency in the data collection and processing
process [17, 18]. To ensure international comparability,
the core self-assessment questionnaire contains the same
mandatory question section followed by optional ques-
tion modules chosen by each country. All the questions
of the self-assessment questionnaire are continuously
developed and validated. The final form of the question-
naire used contains only validated questions with a clear
and unambiguous data tracking procedure [17, 18]. As
the HBSC study is focused on school-aged adolescents,
in the Czech Republic data collection is conducted via an
online form directly in schools.
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Participants and procedure of data collection

The sample of 24,535 adolescents
(n=11,629/12,906,,4/2020; boys: 50.4/50.6%0;5/2022) aged
10.5-16.5 years that was analysed was drawn from two
nationally representative samples of Czech youngsters
from the last two cycles of the HBSC questionnaire sur-
vey in 2018 and 2022, obtained through multistage strati-
fied sampling by region, school type (ratio of primary
schools to multi-year grammar schools), and school size
(Table 1).

The primary sampling unit in both data collection
cycles was the school class. Subsequently, one class from
each school was randomly selected from grades 5, 7, and
9 (or from the corresponding grade in multi-year gram-
mar schools). The data collection took place in the spring
months of 2018 and 2022. Response rates ranged from
86 to 97% at the school level and exceeded 83-86% for
pupils and students in both data collection cycles.

A trained team of researchers moderated the online
data collection during a one-hour session in the school
IT classroom following a presentation of the research.
Prior to the presentation of the research and instructions
for completing the questionnaire, the participants were
assured of the voluntary and anonymous nature of their
participation. The participants did not give their name
anywhere and could discontinue their participation in the

Table 1 Descriptive characteristics of the samples, HBSC studly,
Czech Republic 2018-2022+

2018 2022
Boys Girls Boys Girls
n= (5856) (5773) (6532) (6374)
% % % %
Age category’®
11 years 327 328 333 343
13 years 345 344 35.1 343
15 years 328 328 316 314
SES
Low 237 27.2 21.0 22.8
Medium 453 44.6 46.7 479
High 31.0 282 323 29.3
Weight status*
Non-overweight 733 84.7 71.8 83.9
95% Cl 721-  838-857 706-  83.0-849
744 729
Overweight 179 1.9 19.7 12.7
95% Cl 16.9- 11.0-12.7 18.7- 11.8-136
19.0 20.7
Obesity 8.8 34 8.5 34
95% Cl 81-96 29-39 78-92 29-38

nnumber of participants; °'11 years (13 years and 15 years) includes adolescents
in the age range 10.5-12.49 years (12.50-14.49 years and 14.50-16.49 years);
tthe weights for strata (the number of pupils/students in given grades in each
region of Czech Republic) were applied; SES socioeconomic status; *obesity
and overweight were represented by the >97th percentile and 85th -97th
percentile, respectively, on gender-specific Body Mass Index-for-age growth
charts [19, 20]; C/95% confidence interval
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research at any time, refuse completely, or skip questions
they were uncomfortable with. The parents/guardians of
the adolescents were informed about the study through
the school management and could opt their children
out if they did not consent to their participation. Before
completing the questionnaire, the participants confirmed
their informed consent to participation in the research.
The study design and methodology were approved by the
Institutional Ethics Committee of the Faculty of Physical
Culture of Palacky University in Olomouc with the ref-
erence numbers 9/2016 for the 2018 data collection and
65/2020 for the 2022 data collection.

Survey items

Dependent variable - obesity

The variables of chronological age (years, months), body
weight (kg), and height (cm) given on the current date of
completing the HBSC questionnaire were used to calcu-
late the weight status of the adolescents. The Body Mass
Index (BMI) was calculated as the ratio of body weight
(kg) to the square of body height (cm). The body weight
level of the adolescents (non-overweight, overweight,
obese) was derived using the WHO’s gender-specific
BMI-for-age growth charts. Obesity and overweight
were represented by the >97th percentile and 85th -97th
percentile, respectively, on the gender-specific BMI-for-
age growth charts [19, 20] (Table 1). High correlations
between self-reported anthropometric data (body weight,
body height and calculated BMI) and subsequently objec-
tively measured anthropometric data by researchers were
revealed in a cross-sectional study of 10-15-year-old
school children from Switzerland (body weight r=.96;
body height r=.92; BMI r=.88) [21]. Self-reported values
of body weight and calculated BMI were slightly overesti-
mated, and height was slightly underestimated compared
to objectively measured variables. Self-reported values
tend to be more reliable in adolescents older than 11
years [21]. Therefore, self-reported anthropometric vari-
ables remain an appropriate choice to identify excessive
body weight in 11-year-old and older adolescents in epi-
demiological studies [21, 22].

SES as a determinant of obesity

Previous studies have repeatedly found differences in the
prevalence of obesity according to family SES in children
and adolescents in a national context [1, 11, 12, 14] as
well as in international comparisons [13, 16]. Therefore,
statistical analyses will be conducted separately accord-
ing to the SES of the participants’ families. The HBSC
study uses the Family Affluence Scale (FAS) [16, 18],
which has been validated as a valid indicator of relative
wealth [23, 24] to identify low- and high-income house-
holds [25], to measure the SES of participants’ families.
The FAS includes a six-item assessment of common
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material assets or activities involving the following: own-
ership of a car, van, or truck (responses: none, one, two
or more); your own bedroom for yourself (none, yes); the
number of family vacations/holidays abroad in the last
year (not at all, once, twice, more than twice); the num-
ber of computers owned (none, one, two, more than two);
ownership of a dishwasher (none, yes), and the number of
bathrooms in the household (none, one, two, more than
two) [16]. Responses were scored (none=0; one/one=1;
two=2; more than two=3) and a summary score was cre-
ated by summing all the FAS-related responses together.
This FAS summary score was used to determine the SES
of the families of the adolescents in the lowest 20% (low
wealth), middle 60% (medium wealth), and highest 20%
(high wealth) [16, 24]. In the socioeconomic conditions
of Czech Republic, the FAS was validated in relation to
the disposable household income (Pearson correlation
r=.773 p<.001) [26].

Independent variables in energy balance-related behaviour
On the basis of the results of a previous trend study
[14], the following variables were selected as potentially
relevant correlates of obesity, representing the three
dominant categories of an individual’s energy balance
behaviour: (i) energy expenditure (daily MVPA, weekly
vigorous physical activity (VPA), weekly participation in
organised sport and daily ST), (ii) energy intake (daily
consumption of sweets, daily breakfast) and (iii) sleep
duration (daily sleep time).

The group of questions associated with energy expen-
diture is represented by the following four simple ques-
tions: frequency of MVPA for at least 60 min per day in
the past seven days (responses ranged from zero days to
seven days); frequency of exercise in free time that leads
to shortness of breath or sweating (i.e. VPA) (none, less
than once a month, once a month, once a week, twice a
week, three times a week, four to six times a week, every
day); participation in organised activities, individual
and team sports run by sports clubs or other organisa-
tions (2018: no, yes; 2022: I don’t do this type of activ-
ity, once a month, once a week, twice or more a week);
daily time spent using screen devices in free time (none
at all, about half an hour a day, about one hour a day,
about two hours a day, about three hours a day, about
four hours a day, about five hours a day, about six hours
a day, and about seven or more hours a day) [18]. For the
statistical analyses, responses to PA-related questions
were dichotomised according to the WHO guidelines
as follows: MVPA >60 min per day vs. less frequent and
VPA >3 days per week vs. less frequent [27]. The partici-
pating adolescents were categorised as ‘active’ (involved
in organised team and/or individual sport) or ‘inac-
tive’ (not involved in any organised sport). According to
recent results focused on understanding the impact of
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technology on well-being, Czech adolescents spend on
average four hours and 11 min per day on screen devices
[28]. Therefore, the variable daily ST time was dichot-
omised as follows: ST 24 h per day vs. <4 h per day [28].

The self-reported MVPA and VPA assessments over the
past seven days in 15-year-old adolescents were originally
developed and validated against continuous measures
using a Computer Science Application (CSA) acceler-
ometer (ryppa=0.40 p<.001; ryps=0.36 p<.01) [29]. The
participation in organised activities scale has an accept-
able level of agreement (ICC=0.64), indicating good
reliability [30]. The acceptable seven-day stability of ST-
related questions (television viewing (TV) and computer
use (PC)) has been repeatedly verified in 11-15-year-
old adolescents for weekdays (ICCyy=0.54—0.72 and
ICCp=0.33-0.82) and weekends (ICC1=0.58-0.68 and
ICCp=0.33-0.66) [31-34]. A recent systematic review
study confirms that the HBSC questionnaire items on PA
and ST are reliable in assessing PA and sedentary behav-
iour in adolescents [35].

For the present study, two variables were selected
from the HBSC questionnaire that relate to an individ-
ual’s energy intake: frequency of consumption of sweets
(never; less than once a week; once a week; two to four
times a week; five to six times a week; once a day; more
than once a day), and regularity of daily breakfast on
school days (never; one day; two days; three days; four
days; five days) and weekend days (never; only on one
day; on both days). The responses were recorded in a
dichotomous outcome variable for the consumption
of sweets (‘daily’ vs. ‘less than daily’) and a five-cate-
gory outcome variable for regularity of breakfast: ‘daily,
‘always at the weekend and occasionally during the week;
‘daily on weekend days only; ‘inconsistent;, and ‘never'’

Sleep time was calculated from the adolescents’ self-
reported bedtime and waking-up times on school days
and weekend days separately. The self-reported sleep time
alternatives ranged in half-hour intervals from ‘no later
than 9:00 p.m’ to ‘2:00 a.m. or later’ for school days and
‘no later than 9:00 p.m! to 2:00 a.m. or later’ for weekend
days. The response scale for waking-up times contained
categories ranging in half-hour intervals from ‘no later
than 5 a.m’ to ‘8 a.m. or later’ for school days and ‘no later
than 7 a.m! to 2 p.m. or later’ for weekends [36]. Finally,
sleep time was calculated as the difference between bed-
time and waking-up time, separately for weekdays and
weekend days. In accordance with age-categorised sleep
duration recommendations [37], sufficient sleep duration
was defined as 9-12 h per 24 h for 11-year-old adoles-
cents and 8—10 h per 24 h for 13- and 15-year-old adoles-
cents. Daily sleep time shorter than the lower limit of the
interval for sufficient sleep was categorized as insufficient
sleep, and sleep time longer than the upper limit of the
interval for sufficient sleep was categorized as excessive
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sleep. The sleep time variable entering the statistical
analyses was derived from the cluster analysis according
to the consensus age-related recommendation for hours
of sleep [37] as follows: ‘sufficient at the weekend and
during the week’ (Mean: M, eiend/Myeek=2:41/8:05 h),
‘sufficient at the weekend, insufficient during the
week’ (Mean: M, cerend/Myweek=9:27/7:16 h), ‘exces-
sive at the weekend and sufficient during the week’
(Mean: M eekend/Myeek=11:18/8:47 h), and ‘insuf-
ficient at the weekend and during the week’ (Mean:
M, eekend/Muee=7:12/7:22  h). The HBSC sleep-
time related questions show substantial reliabil-
ity (ICC=0.75/0.64 for bedtime on school days/
weekend days; ICC=0.77 for waking up on school days),
and almost perfect reliability (ICC=0.83) for the waking
up at weekends item [32]. Moderate to strong criterion
validity and the strong reliability of a self-reported sleep
duration questionnaire have been repeatedly demon-
strated in adolescents [38].

Data analysis and statistical processing

After the raw data from the HBSC questionnaires from
all school classes had been received, all processing and
subsequent statistical processing was conducted in
the Statistical Package for the Social Sciences (SPSS)
for Windows v.28 software (IBM Corp. Released 2021.
Armonk, NY, USA). Given the study objective, checks
for nonsensical and incorrect responses or incomplete
questionnaire completion were performed identically
for the 2018 and 2022 datasets in accordance with the
HBSC study methodological protocol [17, 18]. Percent-
ages (%) supplemented with 95% confidence intervals
(CIs) in the case of the body weight level category were
used to describe the variables. Cluster analysis was used
to categorise the amount of sleep on school days and at
weekends in accordance with the recommendations for
sleep in children and adolescents [37]. A chi-square (x%)
test was repeatedly used to test for differences in the
prevalence of obesity by sex and SES category in ado-
lescents between 2018 and 2022, as well as to determine
differences associated with SES categories in the preva-
lence of obesity in 2022 separately for boys and girls. x>
tests were also repeatedly used to analyse differences in
selected correlates of obesity in relation to the adoles-
cent SES categories and to test the statistical significance
of differences in the prevalence of obesity by adolescent
MVPA and VPA levels, participation in organised sports,
ST level, and frequency of daily consumption of breakfast
and sweets and sufficient sleep. A series of multivariate
logistic regression analyses in the 2022 data collection
were used to uncover the correlates of obesity separately
for the adolescent SES categories. The results of the logis-
tic regression analyses were expressed using odds ratios
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(ORs) and 95% confidence intervals (95% Cls). The alpha
significance level was set at a minimum of 0.05.

Results

Changes in the prevalence of obesity

Between 2018 and 2022, there were no significant differ-
ences using the chi-square tests in the prevalence of obe-
sity in cohorts of girls or boys overall, and between girls
or boys stratified by SES category (Table 1; Fig. 1).

In 2022, the highest prevalence of obesity was observed
in adolescents from low-SES families, 11% for boys and
5.8% for girls, which is significantly (p<.001) higher by
+4.8% points for boys and +3.9% points for girls than
the prevalence of obesity among adolescents from high-
SES families (Fig. 1). In both data collection cycles, girls
from all the SES family categories reported a significantly
(p<.001) lower prevalence of obesity than boys.

Correlates of obesity

An overview of the obesity covariates analysed is pre-
sented in Table 2. It was confirmed that the level of SES
significantly determines the incidence of obesity in Czech
adolescents. Adolescents from low SES families have sig-
nificantly higher odds of being obese than adolescents
from medium and high SES families (Table 2).

Following the observed significant differences in the
prevalence of obesity between adolescents from low- and
high-SES families in 2022 (Fig. 1), its covariates are pre-
sented in detail separately for each category of low-SES
families (Table 3). The covariates of obesity in Czech
adolescents that were analysed point to significant differ-
ences in energy balance-related behaviours between the
cohort of adolescents from low-SES families and their
peers from medium- and high-SES families (Table 3). The
odds of obesity in adolescents from low-SES families are
significantly reduced by regular PA — 60 min of MVPA
daily or performing VPA at the WHO’s recommended
frequency of three or more times per week (Table 3).

Lower levels of daily ST significantly reduce the odds of
obesity in all adolescents, regardless of their family SES.
However, the covariates of adolescents’ breakfast regular-
ity and sleep duration vary with respect to the SES cat-
egory of the adolescents’ families. Skipping breakfast is
most common among adolescents from low-SES families
and poses a significant risk of obesity. Any form of weekly
breakfast frequency among low-SES adolescents signifi-
cantly reduces their odds of obesity compared to skip-
ping breakfast (Table 3). Regression analyses comparing
breakfast patterns of “never” vs. “at least one day per
week” also reveal a significantly higher risk of obesity in
low-SES adolescents when skipping breakfast (univariate:
OR=2.09, 95% CI=1.37-3.18, p<.001; controlled for all
covariates: OR=1.20, 95% CI=1.24-2.97, p<.005). This
significant pattern of covariates of breakfast regularity
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low-SES medium-SES high-SES low-SES medium-SES high-SES
(n=3023) (n=5627) (n=3497) (n=2761) (n=5702) (n=3925)
GIRLS BOYS
(n=12,147) (n=12,388)
Fig. 1 The prevalence of obesity in Czech adolescents aged 11-15 years in 2018 and 2022. n Number, SES Socioeconomic status; p level of statistical
significance

is not evident in other categories of adolescents’ SES.
Conversely, varying sleep duration is not significantly
associated with the odds of obesity among adolescents
from low-SES families, in contrast to adolescents from
medium- and high-SES families, where insufficient sleep
is significantly associated with a higher prevalence of
obesity (Table 3). However, regression analysis compar-
ing sleeping patterns of “sufficient weekend +week” vs.
“other clusters” reveals significantly lower odds of obe-
sity in low-SES adolescents (univariate: OR=0.61, 95%
CI=0.43-0.86, p<.005; controlled for all covariates:
OR=0.65, 95% CI=0.45-0.92, p<.05) than their counter-
parts from medium- and high-SES families.

Discussion

Between 2018 and 2022, there was no significant increase
in the prevalence of obesity among Czech adolescents in
any of the family SES categories, and thus the assumption
of an adverse effect of the COVID-19 pandemic on the
increased prevalence of obesity among adolescent boys
and girls from low-SES families was not confirmed. How-
ever, the adverse higher prevalence of obesity in adoles-
cents from low-SES families compared to adolescents
from medium- and high-SES families still persists. This
difference in the prevalence of obesity between adoles-
cents from low- and high-SES families is almost double

for boys (or girls) — 11% versus 6.2% (triple — 5.8% versus
1.9%). A more accurate comparison of the prevalence of
obesity in Czech adolescents with the prevalence of obe-
sity in adolescents from neighbouring European coun-
tries is complicated by differences in the methodology
used for measuring BMI [1] or the cumulative presenta-
tion of overweight and obesity simultaneously [16], but
it seems that the prevalence of obesity in Czech adoles-
cent boys (8.5%) is close to the overall average of obesity
in adolescent boys (8.6%) in the European Union member
states, while the prevalence of obesity in Czech adoles-
cent girls (3.4%) is lower by more than 2% points than the
overall average of obesity in adolescent girls (5.6%) from
the European Union [1]. Among neighbouring countries,
the prevalence of obesity in Czech adolescents is com-
parable to that of their Austrian peers, while in girls it is
comparable to that of girls in Poland (3.8%) and in boys to
that of boys in Portugal (8.7%) [1, 16]. Although there has
been no significant increase in the prevalence of obesity
in Czech adolescents over the shorter four-year follow-up
period, over the longer time horizon, an annual increase
in obesity of 3.8% is projected for Czech 10-19-year-
olds between 2020 and 2035, with a direct negative eco-
nomic impact of 3.4% of gross domestic product [39].
This projected annual increase in obesity among Czech
adolescents is higher than the projected increase in
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Table 2 Covariates of obesity in Czech adolescents - year 2022

95% Cl

n (%)? OR lower-upper
SES
low 2760 (21.8) Ref.
medium 5983 (47.3) 0.77*  0.63-0.93
high 3899 (30.2) 0.55% 0.44-0.70
Gender
Girls 6379 (50.5) Ref.
Boys 6263 (49.5) 2,98+ 2.48-3.58
Age Category
15 years 4011 (31.7) Ref.
13 years 4387 (34.7) 1.26* 1.02-1.55
11 years 4244 (33.6) 1.46% 1.18-1.81
60 min of MVPA
0-6 days 9863 (78.3) Ref.
7 days 2734 (21.6) 0.56% 0.44-0.72
VPA
<3 times a week 5721 (45.5) Ref.
>3 times a week 6843 (54.5) 0.76t 0.64-0.91
Participation in organised
sport
Inactive (no participation) 5014 (39.9) Ref.
Team and/or individual 7539 (60.1) 0.71% 0.60-0.85
Screen time
>4 h per weekday 3077 (25.2) Ref.
<4 h per weekday 9110 (74.8) 0.58% 0.45-0.74
Breakfast pattern
never 863 (6.9) Ref.
inconsistent 2117 (16.9) 0.77 0.56-1.07
daily on weekend days only 2038 (16.2) 0.80 0.57-1.11
always-weekend, occasionally 2427 (19.3) 0.68*  0.49-0.95
during the week
daily 5111 (40.7) 0.621 0.46-0.85
Consumption of sweets
daily 10,052 (79.9)  Ref.
less than daily 2522 (20.1) 143t 1.13-1.80
Sleeping pattern
insufficient weekend +week 1899 (15.5) Ref.
excessive at the 2251 (184) 0.61t 0.46-0.83
weekend +week
sufficient weekend, insufficient 3856 (31.5) 0.89 0.70-1.12
week
sufficient weekend +week 4230 (34.6) 0.71t  0.56-0.91

SES Socioeconomic status, C/ 95% confidence interval, %° percentage of obese
adolescents per independent variable, OR odds ratio (logistic regression) of
being obese, Ref. Reference group, PA physical activity, MVPA moderate-to-
vigorous physical activity, VPA vigorous physical activity, *p<.05, Tp<.005,
*p<.001 Significant associations (p<.05) are in bold

obesity among adolescents from Germany (2.4%) or Aus-
tria (2.8%), but lower than that of 10-19-year-olds from
Poland (4.8%), Slovakia (5.7%), or Hungary (4.2%) [39].
Analysis of the current correlates of the prevalence of
obesity in Czech adolescents shows significant differ-
ences in the effect of PA, represented by both MVPA and
VPA, breakfast regularity, and sleep duration on the odds
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of obesity in cohorts of adolescents stratified by their
family’s SES. Inappropriate behaviours causing a long-
term positive energy balance, which leads to an increased
prevalence of obesity, appear to be more deeply embed-
ded in the lifestyles of adolescents from low-SES families
than their peers with medium and high SES. Although
there was no increase in the prevalence of obesity in any
of the adolescent SES categories between 2018 and 2022,
it is possible that socioeconomic changes have prevented
low-SES families from spending resources to encourage
their children to participate in organised PA or to eat
more healthily. In addition to adolescents’ own behav-
iours, parents’ body weight level, smoking habits, PA,
and shared diet have been shown to mediate the relation-
ship between family SES and adolescent obesity [40]. In
the era of lifestyle restrictions because of the response to
the COVID-19 pandemic, the shaping of children’s and
adolescents’ lifestyles relied primarily on parents, and
the behaviours of offspring may have mimicked those of
their parents more closely than would be the case in the
absence of restrictive social constraints.

There is published evidence that skipping breakfast [41,
42] and insufficient sleep [42—45] are significantly asso-
ciated with childhood and adolescent obesity, but these
studies did not account for the SES of adolescent families
[41, 43-45] or find differences between groups of ado-
lescents from families with different SES [42]. Of note,
skipping breakfast is significantly associated with lower
odds of obesity only among adolescents from low-SES
families, whereas insufficient sleep is significantly associ-
ated with lower odds of obesity, in contrast, only among
adolescents from medium- and high-SES families. It is
possible that the parents of adolescents from low-SES
families can control their offspring’s evening sleep bet-
ter but not the regularity with which they eat breakfast
because of early departure for work, in contrast to par-
ents from medium- and high-SES families. Parents of
adolescents from higher-SES families may typically have
later bedtimes and waking-up times, and therefore may
be able to better control the regularity with which their
offspring eat breakfast and may be more tolerant of their
offspring’s later bedtimes. However, a more detailed anal-
ysis of the association between sleep duration and sleep
quality, also considering, for example, social jet lag and
obesity in adolescents stratified by family SES, is the sub-
ject of a further study or studies using the 24-hour exer-
cise behaviour of parents and their children [46].

Also of interest is the finding that less than daily con-
sumption of sweets is associated with higher odds of obe-
sity virtually for all SES categories of adolescents. This
finding is in line with previous studies using the HBSC
data [14, 47]. The most plausible explanation seems to
be that those who face troubles with their weight status
already at this age, regulate (or have it regulated by their
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Table 3 Covariates of obesity in Czech adolescents differentiated by the SES - year 2022
Obesity
Low SES Medium SES High SES
%* OR 95% Cl %* OR 95% ClI %® OR 95% Cl low-

lower-upper lower-upper er-upper
Gender
Girls 58 Ref. 32 Ref. 1.9  Ref
Boys 110 222% 1.60-3.09 90 3.18% 2.44-4.16 6.2 4.08f 2.62-6.34
Age Category
15 years 74 Ref. 6.1  Ref. 34  Ref.
13 years 9.0 1.70* 1.11-2.58 57 126 0.93-1.72 42 1.66* 1.05-2.64
11 years 8.6 1.51* 1.01-2.25 66 108 0.81-1.45 52 14 091-2.19
60 min of MVPA
0-6 days 9.3 Ref. 6.5 Ref. 49  Ref.
7 days 38 0401t 0.22-0.71 48 073 0.52-1.03 24 0.44t 0.27-0.72
VPA
<3 times a week 103 Ref. 7.1 Ref. 51  Ref.
>3 times a week 6.1 0.70*  0.50-0.98 53 079 0.62-1.02 36 078 0.54-1.14
Participation in org. sport
Inactive (no participation) 10.1  Ref. 74  Ref. 50 Ref.
Team and/or individual 67 073 0.53-1.03 53  0.70" 0.54-0.89 38 071 0.48-1.05
Screen time
>4 h per weekday 95 Ref. 70  Ref. 48  Ref.
<4 h per weekday 4.7 0.60* 0.37-0.95 35 061t 0.43-0.86 22 0.50* 0.30-0.84
Breakfast pattern
never 135  Ref 86  Ref. 3.1 Ref.
inconsistent 9.1 0.57* 0.34-0.96 76 086 0.53-1.40 52 142 0.56-3.63
daily on weekend days only 7.7 0.51* 0.29-0.88 68 089 0.55-1.45 5.1 1.73 0.68-4.36
always-weekend, occasionally during the week 66  0.44t 0.25-0.78 59 077 047-1.26 42 136 0.54-3.39
daily 7.7 0.54* 0.33-0.89 49 0.62* 0.39-0.99 38 117 0.48-2.84
Consumption of sweets
daily 6.9 Ref. 4.1 Ref. 25  Ref.
less than daily 8.8 1.19 0.80-1.77 65 1.51* 1.07-2.14 46 163 0.98-2.72
Sleeping pattern
insufficient weekend +week 8.2 Ref. 9.1  Ref. 71 Ref.
excessive weekend +week 7.8 1.09 0.62-1.92 43 0.51t 0.33-0.79 2.7 0.47* 0.25-0.88
sufficient weekend, insufficient week 114 159 0.99-2.55 68 0.81* 0.58-1.12 38 0.58* 0.36-0.94
sufficient weekend + week 6.3 0.84 051-1.39 54 0.69* 0.49-0.98 40 070 044-1.13

SES Socioeconomic status, C/ 95% confidence interval, %° percentage of obese adolescents per independent variable stratified by SES, OR odds ratio (logistic
regression) of being obese in separately conducted SES analysis, Ref. Reference group, PA physical activity, MVPA moderate-to-vigorous physical activity, VPA vigorous
physical activity, *p<.05, 'p<.005, *p<.001 Significant associations (p<.05) are in bold

families) their energy intake to greater extent, including
constraints concerning consumption of sweets [48]. Non-
overweight adolescents and especially those with high
energy expenditure, e.g., in sports, do not feel a need to
impose any such restrictions. Moreover, non-obese ado-
lescents are more likely to participate in vigorous physi-
cal activity and organised physical activity than their
obese peers and to supplement the immediate exertion/
exhaustion resulting from these types of physical activity
with sweets.

Building on the findings of a mediating relationship
between parental behavioural characteristics, family SES,
and adolescent body fat [40], the finding that adoles-
cents from low-SES families are significantly more likely

to be obese at the age of 11 and 13 years compared with
15 years is of great concern. Thus, soon, we can expect
the most significant increase in obesity in the category of
adolescents from low-SES families. Moreover, the finding
of a higher likelihood of obesity in the younger categories
of adolescents from low-SES families is reinforced when
compared with the previous situation in 2002-2018 [14].

Strengths and limitations

The strengths of the study include the ability to gener-
alise the results and conclusions to the entire population
of Czech adolescents aged 11-15 years because of the
nationally representative sample of participants and the
uniform methodology used in the same time frame of
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data collection. There was strict adherence to an inter-
national research protocol using a standardised ques-
tionnaire, which allows for subsequent international
comparison. The main methodological limitation of this
study is the possibility of response bias resulting from
the participants’ subjective responses; however, this pos-
sibility was avoided by including questions and response
items that met strict validity and reliability requirements
[5]. Furthermore, the cross-sectional design of the study
does not allow for causal interpretation of the results
on the relationship between behavioural characteristics
related to individuals’ energy balance and the prevalence
of obesity; however, genetic factors alone do not explain
the global obesity epidemic [3], and therefore socioeco-
nomic factors must also be considered [49].

Conclusions

There were no significant changes in the prevalence of
obesity among adolescent girls and boys between 2018
and 2022, but the highest prevalence of obesity among
adolescents from low-SES families compared to ado-
lescents from medium- or high-SES families persisted.
Obesity, because of a long-term positive energy balance
mediated by imbalanced behaviour, is most pronounced
in adolescents from low-SES families. It was confirmed
that significantly lower odds of obesity in adolescents
from low-SES families are associated with regular partici-
pation in recommended PA, shorter ST duration, and not
skipping regular breakfast. Insufficient sleep is associated
with significantly higher odds of obesity in adolescents
from families with medium and high SES.

List of Abbreviations

BMI Body Mass Index

@] Confidence interval
FAS Family Affluence Scale

HBSC  Health Behaviour in School-aged Children
ICC Intra-class correlation

M Mean

MVPA  Moderate-to-vigorous physical activity
OR Odds ratio

PA Physical activity

PC Computer use

Ref. Reference group

SES Socioeconomic status

SPSS Statistical Package for the Social Sciences
ST Screen time

TV Television viewing

VPA Vigorous physical activity
WHO  World Health Organization

Acknowledgements

The authors are most grateful to all the adolescents for participating in
both data collection cycles. We sincerely thank the members of the school
management who helped facilitate the research.

Authors’ contributions

ES and DS conceptualised and designed the study, drafted the initial
manuscript, and coordinated the writing of the manuscript with PB, JV, ZM,
JK, JP and MK. PB, MK, DS, ES, and JP prepared the national research protocol
survey and participated in the data collection. PB, DS, and ES carried out the

Page 9 of 11

data analysis and interpreted the results. All the authors critically read the
initial manuscript, commented on all parts of the text, and approved the final
version of the manuscript.

Funding

This study was supported by research grants from the Czech Science
Foundation (reg. No. 20-25019 S. The funder had no role in the study design,
analysis of the data, decision to publish, or preparation of the study.

Data Availability

The datasets that were generated and analysed during the current study
are not publicly available because of the rules for funded projects but are
available from the corresponding author ES upon reasonable request.

Declarations

Ethics approval and consent to participate

The Institutional Ethics Committee for Research of the Faculty of Physical
Culture of Palacky University in Olomouc approved the cross-sectional
design of the study, the course of the preparation and implementation of
the research, and the opt-out method of collecting parental consent and
data processing for the 2018 data collection on 4 March 2016 under the
reference number 9/2016 and for the 2022 data collection on 10 October
2020 under the reference number 65/2020. All methods were carried out in
accordance with the ethical principles of the 1964 Declaration of Helsinki and
its later amendments. All the adolescents, teachers, and school administrators
received detailed information about the research design and data collection
plan at a meeting in each of the participating schools. The parents/guardians
of the adolescents were informed of the survey and its design and content

in advance through the school leadership team and could withdraw their
child if they wished. The parents/guardians received information about the
purpose, content, and process of the survey, as well as the opportunity to
withdraw their child. Informed consent was obtained from parents/guardians
for study participation of minors. In both cycles of online data collection,

the participation of the adolescents was voluntary and without any financial
incentives.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

"Faculty of Physical Culture, Institute of Active Lifestyle, Faculty of Physical
Culture, Palacky University Olomouc, Olomouc 771 11, Czech Republic
“Faculty of Physical Culture, Department of Recreation and Leisure
Studies, Palacky University Olomouc, Olomouc 771 11, Czech Republic
3Faculty of Physical Culture, Department of Social Sciences in
Kinanthropology, Palacky University Olomouc, Olomouc

77111, Czech Republic

4Sts Cyril and Methodius Faculty of Theology, Social Health Institute,
Palacky University Olomouc, Olomouc 771 11, Czech Republic
°Department of Health Psychology and Research Methodology, Faculty of
Medicine, PJ.Safarik University, Kosice 040 01, Slovakia

Received: 19 June 2023 / Accepted: 17 October 2023
Published online: 25 October 2023

References

1. WHO European Regional Obesity Report. 2022. Copenhagen: WHO
Regional Office for Europe 2022. https://apps.who.int/iris/bitstream/han
dle/10665/353747/9789289057738-eng.pdf Accessed 23 April 2023.

2. Hemmingsson E, Nowicka P, Ulijaszek S, Serensen TIA. The social origins of
obesity within and across generations. Obes Rev. 2023;24(1):e13514. https://
doi.org/10.1111/0br.13514


https://apps.who.int/iris/bitstream/handle/10665/353747/9789289057738-eng.pdf
https://apps.who.int/iris/bitstream/handle/10665/353747/9789289057738-eng.pdf
https://doi.org/10.1111/obr.13514
https://doi.org/10.1111/obr.13514

Sigmund et al. BMC Public Health

20.

21.

22.

(2023) 23:2092

Romieu |, Dossus L, Barquera S, Blottiere HM, Franks PW, Gunter M, et al.
Energy balance and obesity: what are the main drivers? Can Causes Contr.
2017,28(3):247-58.

Haghjoo P, Siri G, Soleimani E, Farhangi MA, Alesaeidi S. Screen time increases
overweight and obesity risk among adolescents: a systematic review and
dose-response meta-analysis. BMC Prim Care. 2022;23:161. https://doi.
0rg/10.1186/512875-022-01761-4

Inchley J, Currie D, Jewell J, Breda J, Barnekow V. Adolescent obesity and
related behaviours: trends and inequalities in the WHO European Region,
2002-2014. WHO Regional Office for Europe 2017. http://www.eurowho.
int/__data/assets/pdf_file/0019/339211/WHO_ObesityReport_2017_
v3.pdf?ua=1. Accessed 23 April 2023.

Stavridou A, Kapsali E, Panagouli E, et al. Obesity in children and adoles-
cents during COVID-19 pandemic. Child (Basel). 2021;8(2):135. https://doi.
0rg/10.3390/children8020135

Browne NT, Snethen JA, Greenberg CS, et al. When pandemics collide: the
impact of COVID-19 on childhood obesity. J Pediatr Nurs. 2021;56:90-8.
Stverdkova T, Jacisko J, Busch A, Safaiova M, Kolai P Kobesova A. The

impact of COVID-19 on physical activity of Czech Children. PLoS ONE.
2021,16(8):0254244.

Ng K, Cosma A, Svacina K, Boniel-Nissim M, Badura P. Czech adolescents’
Remote School and Health experiences during the Spring 2020 COVID-19
Lockdown. Prev Med Rep. 2021;22:101386.

Cosma A, Pavelka J, Badura P. Leisure Time Use and Adolescent Mental Well-
Being: Insights from the COVID-19 Czech Spring Lockdown. Int J Environ Res
Public Health. 2021; 18(23):12812. https://doi.org/10.3390/ijerph 182312812
Accessed 12 May 2023.

Hardy LL, Mihrshahi S, Gale J, Drayton BA, Bauman A, Mitchell J. 30-year
trends in overweight, obesity and waist-to-height ratio by socioeco-

nomic status in Australian children, 1985 to 2015. Int J Obes (Lond).
2017:41(1):76-82.

Goto R, Nianogo R, Okubo Y, Inoue K. Evaluation of obesity Trends among
US adolescents by Socioeconomic Status, 1999-2018. JAMA Pediatr.
2022;176(9):937-40.

Johnson KA, Showell NN, Flessa S, et al. Do neighborhoods Matter? A system-
atic review of modifiable risk factors for obesity among low Socio-Economic
Status Black and Hispanic Children. Child Obes. 2019;15(2):71-86.

Sigmund E, Sigmundové D, Badura P, et al. Time-trends and correlates of
obesity in Czech adolescents in relation to family socioeconomic status over
a 16-year study period (2002-2018). BMC Public Health. 2020;20:229.
Inchley J, Currie D, Budisavljevic S et al. Spotlight on adolescent health and
weell-being. Findings from the 2017/2018 Health Behaviour in School-aged
Children (HBSC) survey in Europe and Canada. International report. Volume 1.
Key findings. Copenhagen: WHO Regional Office for Europe 2020. https://
apps.who.int/iris/handle/10665/332091 Accessed 27 April 2023.

Inchley J, Currie D, Budisavljevic S, et al. Spotlight on adolescent health and
weell-being. Findings from the 2017/2018 Health Behaviour in School-aged
children (HBSC) survey in Europe and Canada. International report. Volume 2.
Key data. Copenhagen: WHO Regional Office for Europe; 2020. https://apps.
who.int/iris/handle/10665/332104. Accessed 27 April 2023.

Moor |, Winter K, Bilz L, et al. The 2017/18 Health Behaviour in School-aged
children (HBSC) study — methodology of the World Health Organization's
child and adolescent health study. J Health Monit. 2020;5(3):88-102.

Inchley J, Inchley J, Currie D, Cosma A et al. Health Behaviour in School-aged
Children (HBSC) Study Protocol: background, methodology and mandatory
items for the 2017/18 survey. St Andrews: CAHRU; 2018. https://hbsc.org/
publications/survey-protocols/ Accessed 27 April 2023.

de Onis M, Lobstein T. Defining obesity risk status in the general child-

hood population: which cut-offs should we use? Int J Pediatr Obes.
2010;,5(6):458-0.

de Onis M, Onyango AW, Borghi E, Siyam A, Nishida C, Siekmann J. Develop-
ment of a WHO growth reference for school-aged children and adolescents.
Bull World Health Organ. 2007,85(9):660-7.

Rios-Leyvraz M, Ortega N, Chiolero A. Reliability of self-reported height and
weight in children: a School-based cross-sectional study and a review. Nutri-
ents. 2022;15(1):75.

Aasvee K, Rasmussen M, Kelly C, Kurvinen E, Giacchi MV, Ahluwalia N. Validity
of self-reported height and weight for estimating prevalence of overweight
among Estonian adolescents: the Health Behaviour in School-aged children
study. BMC Res Notes. 2015;8:606.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32,

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Page 10 of 11

Torsheim T, Cavallo F, Levin KA, Schnohr C, Mazur J, Niclasen B, et al. Psy-
chometric validation of the revised family affluence scale: a latent variable
approach. Child Ind Res. 2016,9:771-84.

Elgar FJ, Xie AP, Timo K, White J, Pickett KE. Assessing the view from bottom:
How to measure socioeconomic position and relative deprivation in adoles-
cents. SAGE Res Met Cas. 2017,Vol. Part 2, SAGE. https://orca.cardiff.ac.uk/id/
eprint/98969 Accessed 11 May 2023.

Corell M, Chen'Y, Friberg P, Petzold M, Lofstedt P. Does the family affluence
scale reflect actual parental earned income, level of education and occupa-
tional status? A validation study using register data in Sweden. BMC Public
Health. 2021;21:1995.

Hobza V, Hamrik Z, Bucksch J, De Clerq B. The family affluence scale as an
indicator for socioeconomic status: validation on regional income differences
in the Czech Republic. Int J Environ Res Public Health. 2017;14(12):E1540.
Bull FC, Al-Ansari SS, Biddle S, et al. World Health Organization 2020
guidelines on physical activity and sedentary behaviour. Br J Sports Med.
2020;54(24):1451-62.

Blahosova J, Lebedikova M, Tancos M et al. Jak ¢esti adolescenti pouzivaji
své mobily? Analyza dat z chytrych telefon( [How do Czech adolescents use
their mobile phones? Smartphone data analysis] Brno: Masarykova univerzita;
2023. https://irtis.muni.cz/media/3524142/wp4_report_jak-cesti-adolescenti-
pouzivaji-sve-mobily.pdf Accessed 25 May 2023.

Prochaska JJ, Sallis JF, Long B. A physical activity screening measure

for use with adolescents in primary care. Arch Pediatr Adolesc Med.
2001;155(5):554-9.

Bosakova L, Kolarcik P, Bobakova D, Sulcova M, Van Dijk JP, Reijneveld SA, et
al. Test-retest reliability of the scale of participation in organized activities
among adolescents in the Czech Republic and Slovakia. Int J Public Health.
2016;61(3):329-36.

Bobakova D, Hamrik Z, Badura P, Sigmundova D, Nalecz H, Kalman M.
Test-retest reliability of selected physical activity and sedentary behavior
HBSC items in the Czech Repubilic, Slovakia and Poland. Int J Public Health.
2015;60(1):59-67.

LiuY,Wang M, Tynjéla J, Lv Y, Villberg J, Zhang Z, et al. Test-retest reliability of
selected items of Health Behaviour in School-aged children (HBSC) survey
questionnaire in Beijing, China. BMC Med Res Methodol. 2010;10:73.
Schmitz KH, Harnack L, Fulton JE, Jacobs DRJr, Gao S, Lytle AL, et al. Reliability
and validity of a brief questionnaire to assess television viewing and com-
puter use by middle school children. J Sch Health. 2004;74(9):370-7.
Rey-Lopez JP, Vicente-Rodriguez G, Ortega FB, Ruiz JR, Martinez-Gémez D,
De Henauw S, et al. Sedentary patterns and media availability in European
adolescents: the HELENA study. Prev Med. 2010;51(1):50-5.

SuY, Zhang Y, Chen ST, Hong JT, Wang H. Is the Health Behavior in School-
aged Survey Questionnaire reliable and valid in assessing physical activity
and sedentary behavior in young populations? A systematic review. Front
Public Health. 2022;10:729641.

Leger D, Beck F, Richard JB, Godeau E. Total sleep time severely drops during
adolescence. PLoS ONE. 2012;7(10):e45204.

Paruthi S, Brooks LJ, D’ Ambrosio C, Hall WA, Kotagal S, Lloyd RM, et al.
Recommended amount of sleep for pediatric populations: a consensus
statement of the American Academy of Sleep Medicine. J Clin Sleep Med.
2016;12(6):785-6.

Nascimento-Ferreira MV, Collese TS, de Moraes ACF, Rendo-Urteaga T,
Moreno LA, Carvalho HB. Validity and reliability of sleep time questionnaires
in children and adolescents: a systematic review and meta-analysis. Sleep
Med Rev. 2016;30:85-96.

Lobstein T, Jackson-Leach R, Powis J et al. World Obesity Atlas 2023.

London: World Obesity Federation 2023. https://data.worldobesity.org/
publications/?cat=19 Accessed 25 May 2023.

Gatjens |, Hasler M, di Giuseppe R et al. Family and Lifestyle Factors Medi-
ate the Relationship between Socioeconomic Status and Fat Mass in
Children and Adolescents. Obes Facts 2020;13(6):596-607. https://doi.
0rg/10.1159/000511927 Accessed 6 June 2023.

Ardeshirlarijani E, Namazi N, Jabbari M et al. The link between breakfast skip-
ping and overweigh/obesity in children and adolescents: a meta-analysis of
observational studies. J Diabetes Metab Disord 2019;18(2):657-64. https://
doi.org/10.1007/540200-019-00446-7 Accessed 7 June 2023.

Chen 'S, Zhang X, Du W, Fan L, Zhang F. Association of insufficient sleep and
skipping breakfast with overweight/obesity in children and adolescents:
Findings from a cross-sectional provincial surveillance project in Jiangsu.
Pediatr Obes 2022;17(11):212950. https://doi.org/10.1111/ijpo.12950
Accessed 7 June 2023.


https://doi.org/10.1186/s12875-022-01761-4
https://doi.org/10.1186/s12875-022-01761-4
http://www.euro.who.int/__data/assets/pdf_file/0019/339211/WHO_ObesityReport_2017_v3.pdf?ua=1
http://www.euro.who.int/__data/assets/pdf_file/0019/339211/WHO_ObesityReport_2017_v3.pdf?ua=1
http://www.euro.who.int/__data/assets/pdf_file/0019/339211/WHO_ObesityReport_2017_v3.pdf?ua=1
https://doi.org/10.3390/children8020135
https://doi.org/10.3390/children8020135
https://doi.org/10.3390/ijerph182312812
https://apps.who.int/iris/handle/10665/332091
https://apps.who.int/iris/handle/10665/332091
https://apps.who.int/iris/handle/10665/332104
https://apps.who.int/iris/handle/10665/332104
https://hbsc.org/publications/survey-protocols/
https://hbsc.org/publications/survey-protocols/
https://orca.cardiff.ac.uk/id/eprint/98969
https://orca.cardiff.ac.uk/id/eprint/98969
https://irtis.muni.cz/media/3524142/wp4_report_jak-cesti-adolescenti-pouzivaji-sve-mobily.pdf
https://irtis.muni.cz/media/3524142/wp4_report_jak-cesti-adolescenti-pouzivaji-sve-mobily.pdf
https://data.worldobesity.org/publications/?cat=19
https://data.worldobesity.org/publications/?cat=19
https://doi.org/10.1159/000511927
https://doi.org/10.1159/000511927
https://doi.org/10.1007/s40200-019-00446-7
https://doi.org/10.1007/s40200-019-00446-7
https://doi.org/10.1111/ijpo.12950

Sigmund et al. BMC Public Health (2023) 23:2092

43.

44,

45.

46.

47.

Deng X, He M, He D, Zhu'Y, Zhang Z, Niu W. Sleep duration and obesity in
children and adolescents: evidence from an updated and dose-response
meta-analysis. Sleep Med 2021;78:169-81. https://doi.org/10.1016/j.
sleep.2020.12.027 Accessed 7 June 2023.

Seo SH, Shim YS. Association of Sleep Duration with Obesity and Cardiometa-
bolic Risk Factors in Children and Adolescents: A Population-Based Study. Sci
Rep 2019;9:9463. https://doi.org/10.1038/541598-019-45951-0 Accessed 7
June 2023.

Sluggett L, Wagner SL, Harris RL. Sleep Duration and Obesity in Children

and Adolescents. Can J Diab 2019;43(2):146-52. https://doi.org/10.1016/j.
jcjd.2018.06.006 Accessed 7 June 2023.

Sigmundova D, Dygryn J, Vorlicek M, Banétova K, Voracova J, Sigmund E.
FAMIly physical activity, sedentary behaviour and sleep (FAMIPASS) study:
protocol for cross-sectional study. BMJ Open. 2023;13(8):e073244.
Sigmundova D, Sigmund E, Hamrik Z, Kalman M. Trends of overweight and
obesity, physical activity and sedentary behaviour in Czech schoolchildren.

Page 11 of 11

Eur J Pub Health. 2014;24(2):210-5. https://doi.org/10.1093/eurpub/ckt085
Accessed 14 September 2023.

48. OjalaK, Vereecken C, Valimaa R, Currie C et al. Attempts to lose weight
among overweight and non-overweight adolescents: a cross-national survey.
Int J Behav Nutr Phys Act. 2007;4:50. https://doi.org/10.1186/1479-5868-4-50
Accessed 14 September 2023.

49. Anekwe CV, Jarrell AR, Townsend MJ et al. Socioeconomics of Obesity. Curr
Obes Rep 2020; 9(3):272-9. https://doi.org/10.1007/513679-020-00398-7
Accessed 6 June 2023.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1016/j.sleep.2020.12.027
https://doi.org/10.1016/j.sleep.2020.12.027
https://doi.org/10.1038/s41598-019-45951-0
https://doi.org/10.1016/j.jcjd.2018.06.006
https://doi.org/10.1016/j.jcjd.2018.06.006
https://doi.org/10.1093/eurpub/ckt085
https://doi.org/10.1186/1479-5868-4-50
https://doi.org/10.1007/s13679-020-00398-7

	﻿Changes in the prevalence of obesity in Czech adolescents between 2018 and 2022 and its current non-genetic correlates – HBSC study
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Study design
	﻿Participants and procedure of data collection
	﻿Survey items
	﻿Dependent variable – obesity
	﻿SES as a determinant of obesity
	﻿Independent variables in energy balance-related behaviour


	﻿Data analysis and statistical processing
	﻿Results
	﻿Changes in the prevalence of obesity
	﻿Correlates of obesity

	﻿Discussion
	﻿Strengths and limitations

	﻿Conclusions
	﻿References


