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RESEARCH ARTICLE Open Access

Secular trends: a ten-year comparison of the
amount and type of physical activity and
inactivity of random samples of adolescents in
the Czech Republic
Dagmar Sigmundová1*, Walid El Ansari2, Erik Sigmund1 and Karel Frömel1

Abstract

Background: An optimal level of physical activity (PA) in adolescence influences the level of PA in adulthood.
Although PA declines with age have been demonstrated repeatedly, few studies have been carried out on secular
trends. The present study assessed levels, types and secular trends of PA and sedentary behaviour of a sample of
adolescents in the Czech Republic.

Methods: The study comprised two cross-sectional cohorts of adolescents ten years apart. The analysis compared
data collected through a week-long monitoring of adolescents’ PA in 1998-2000 and 2008-2010. Adolescents wore
either Yamax SW-701 or Omron HJ-105 pedometer continuously for 7 days (at least 10 hours per day) excluding
sleeping, hygiene and bathing. They also recorded their number of steps per day, the type and duration of PA and
sedentary behaviour (in minutes) on record sheets. In total, 902 adolescents (410 boys; 492 girls) aged 14-18 were
eligible for analysis.

Results: Overweight and obesity in Czech adolescents participating in this study increased from 5.5% (older cohort,
1998-2000) to 10.4% (younger cohort, 2008-2010). There were no inter-cohort significant changes in the total
amount of sedentary behaviour in boys. However in girls, on weekdays, there was a significant increase in the total
duration of sedentary behaviour of the younger cohort (2008-2010) compared with the older one (1998-2000).
Studying and screen time (television and computer) were among the main sedentary behaviours in Czech
adolescents. The types of sedentary behaviour also changed: watching TV (1998-2000) was replaced by time spent
on computers (2008-2010).
The Czech health-related criterion (achieving 11,000 steps per day) decreased only in boys from 68% (1998-2000)
to 55% (2008-2010). Across both genders, 55%-75% of Czech adolescents met the health-related criterion of
recommended steps per day, however less participants in the younger cohort (2008-2010) met this criterion than
in the older cohort (1998-2000) ten years ago. Adolescents’ PA levels for the monitored periods of 1998-2000 and
2008-2010 suggest a secular decrease in the weekly number of steps achieved by adolescent boys and girls.

Conclusion: In the younger cohort (2008-2010), every tenth adolescent was either overweight or obese; roughly
twice the rate when compared to the older cohort (1998-2000). Sedentary behaviour seems relatively stable across
the two cohorts as the increased time that the younger cohort (2008-2010) spent on computers is compensated
with an equally decreased time spent watching TV or studying. Across both cohorts about half to three quarters of
the adolescents met the health-related criterion for achieved number of steps. The findings show a secular
decrease in PA amongst adolescents. The significant interaction effects (cohort × age; and cohort × gender) that
this study found suggested that secular trends in PA differ by age and gender.
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Background
Childhood and adolescence are key periods regarding
the importance of physical activity (PA) [1] because the
level of PA in adolescence influences PA in adulthood
[2-4]. Regular PA benefits adolescents in developing
their physical, mental and social assets [5]. The recom-
mended level of PA for children and youth (aged 5-17)
is to accumulate ≥ 60 minutes of moderate to vigorous
intensity PA daily [6,7]. Based on the daily step counts,
the recommended minimal amount of PA (number of
daily steps) for Czech youth (14-18 years old) is 11,000
and 9,000 steps per day for boys and girls respectively
[8]. Sufficient PA has positive effects on self-perception,
reduces the risks of cardio-metabolic diseases, and con-
tributes to the prevention of excessive body fat and
insulin resistance in adolescents [9-11].
The insufficient level and constant decrease of PA

with age support the importance of monitoring PA and
its effects in childhood. A significant decrease in PA
occurs mainly during adolescence (after 14 years of age),
together with a simultaneous increase in sedentary beha-
viour, most likely due to an excessive use of computers
[12-15]. Although PA of adolescents has attracted global
debate regarding its characteristics (e.g. recommended
levels, influence of organized PA on total PA, sedentary
behaviour, age-related decline) [4,9,12,16], studies have
usually focused only on assessing the levels of PA, with-
out detailed information about the specific types of ado-
lescents’ PA [17]. The different types of PA and
sedentary behaviour are important for understanding
active and sedentary behaviours, and for effective design,
planning, and support of interventions which aim to
promote physically active lifestyles.
PA levels in children and adults have traditionally been

measured by questionnaires, with attending advantages
and limitations [18]. There have been calls, however, for
the need for objective monitoring to be employed in
order to precisely assess PA levels [18]. Combining sev-
eral measurement approaches (i.e. objective and subjec-
tive measurement) can provide more holistic information
about PA [19]. For instance, pedometers are objective,
simple, inexpensive and feasible motion sensors for asses-
sing PA [19-21], and have been recommended for asses-
sing and supporting PA in children and adolescents
[20,21]. Pedometers correlate strongly with acceler-
ometers and are a simple and inexpensive valid option
for assessing PA in research and practice [19].
The post-communist block countries (e.g. the Czech

Republic) appear to have a tendency to replicate the
‘negative’ health trends that had been previously wit-
nessed in economically developed Western countries: a
decrease in PA and an increase of overweight and obe-
sity [22]. Indeed, Central and Eastern European coun-
tries could learn from such ‘negative’ Western European

and global experiences [23]. However, the monitoring of
secular trends of PA is rarely undertaken, probably due
to the time demands required for longitudinal monitor-
ing [13,24]. Unsurprisingly, very few studies of sedentary
behaviour alongside PA have been undertaken in East-
ern or Central Europe [25]. The current study bridges
this gap and examines both PA and sedentary behaviour
of two cohorts of Czech adolescents ten years apart: it
measured PA levels, its types, and secular trends; and
also measured the related duration of sedentary beha-
viour, its types and secular trends. This information is
critical for future programs aiming to enhance PA in
youth and young adults in the Czech Republic and
further afield in other Central and Eastern Europe
nations that are in transition.

Aim of the study
This study assessed the levels and secular trends of PA
and sedentary behaviour of adolescents in the Czech
Republic. The main aim was to explore secular trends
from 1998-2000 to 2008-2010 of pedometer-determined
PA, and also sedentary behaviour of these adolescents.
Random samples of adolescents (aged 14-18 years) of
two cohorts (older cohort - monitored during 1998-
2000; younger cohort - monitored during 2008-2010)
completed a 7-day PA monitoring using pedometers.
The five specific objectives were to:

• For each cohort, describe the proportion of adoles-
cents by their BMI categories (based on self-reported
height and weight and international cut-off points);
• For each cohort, describe the proportions of ado-
lescents meeting the health criterion of PA (achiev-
ing 9,000 or 11,000 steps per day for girls and boys
respectively);
• Asses any secular trends in pedometer-monitored
number of steps achieved during the whole week,
weekdays and weekends by gender and by younger
(14-<16 years) and older (16-18 years) adolescents;
• Asses any secular trends in self-reported types and
duration of PA achieved during the whole week, week-
days and weekends by gender and by younger (14-<16
years) and older (16-18 years) adolescents; and,
• Asses any secular trends in self-reported types and
duration of sedentary behaviour during the whole
week, weekdays and weekends by gender and by
younger (14-<16 years) and older (16-18 years)
adolescents.

Methods
Ethics and procedures
This study was undertaken in the Czech Republic after
approval by the Institutional Research Ethics Committee
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at Palacky University. Participation was voluntary; parti-
cipants received no incentives and participants’ guar-
dian/s could withdraw their children from the study if
they wished. Adolescents and their parents were pro-
vided with information about the aims, objectives and
methods of the study before the start of PA monitoring.
Data were anonymous and confidential and data protec-
tion was observed at all times. Each participant’s guar-
dian signed an informed consent for inclusion in the
study.

Participants
A list of all high schools in the Czech Republic was
compiled. From this list 51 schools were randomly
selected and invited to participate in the study. Only 4
schools declined the invitation to participate in this
study, generating a response rate of 92%. If in agree-
ment, one or two classes were randomly selected from
the given school, and all students from the selected
classes who provided a guardian’s signed informed con-
sent were recruited to the study (regardless of ethnicity,
socioeconomic status, parents’ education etc.). After the
completion of this random sampling process, in addi-
tion, about 15 high schools that were not initially
selected in the random sampling also wished to partici-
pate in the study. These schools were also included in
the sample and followed the same random selection of
one or two classes from each school as described above.
The study employed the same methods for the long

term monitoring of PA of two cohorts (1998-2000 and
2008-2010) of Czech adolescents who were monitored
during a typical habitual week (one that is without

holiday or any unusual events). Monitoring was carried
out during any of the months of September, October,
November, March, April, May and June. From the two
cohorts, all adolescents aged 14-18 who completed the
7-day pedometer-monitored PA in their respective
cohort were selected. Then, for an in-depth understand-
ing of the PA and sedentary behaviour of this age
bracket, these adolescents were further categorized into
two age groups: younger adolescents (aged 14 to <16
years); and older adolescents (aged 16-18 years).
In total 1,573 adolescents were invited to participate

in the study (604 from 1998-2000 cohort; and 969 from
2008-2010 cohort). The response rate across both
cohorts (those who were invited and actually partici-
pated) was 94% (1,479 adolescents). However, across
both cohorts 39% (n = 577) of participants provided
incomplete or incorrect data (e.g. missing weight, height,
age, or mean daily steps count of >30,000 or <1,000
[26]), and in line with others [26], were excluded from
the analysis. Hence the final data for analysis comprised
902 adolescents (620 from 2008-2010 cohort; and 382
from 1998-2000 cohort). Table 1. depicts the data eligi-
ble for analysis by gender, age groups (younger or older
adolescents), cohort, age, BMI categories (according to
international cut off points [27-29]), and by whether or
not the adolescents achieved daily step counts that met
the health recommendations.

Assessment of physical activity and sedentary behaviour
The week-long PA monitoring comprised continuous
all-day monitoring using the pedometer, and in addition,
the completion of individual chart sheets (to record the

Table 1 Sample characteristics: adolescents eligible for analysis by BMI and by meeting health recommendations†

Older Cohort
(1998-2000)

Younger Cohort
(2008-2010)

n % n % P value

Whole sample

Boys 201 52.6 209 40.2 <0.01

Girls 181 47.4 311 59.8 <0.01

Younger adolescents (14 to < 16 years)

Boys 65 44.5 86 53.1 0.13

Girls 81 55.5 76 46.9 0.13

Older adolescents (16 to 18 years)

Boys 136 57.6 123 34.4 <0.01

Girls 100 42.4 235 65.6 <0.01

BMI according to cut-off points*

Normal weight 361 94.5 466 89.6 <0.01

Overweight 20 5.2 44 8.5 0.06

Obese 1 0.3 10 1.9 0.02

Meet health recommendations for achieved daily step counts†

Boys 136 67.7 114 54.5 <0.01

Girls 136 75.1 230 74.0 0.73

n: sample size; statistical significance based on test for difference between proportions; * in accordance with international recommended cut off points [27-29];
†Czech recommendations for health-enhancing daily number of steps achieved (9,000 or 11,000 for girls and boys respectively) [8]
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data from the pedometer and to provide more detailed
information about the type and duration of PA and
sedentary behaviour).
Adolescents wore either the Yamax SW-701 or

Omron HJ-105 pedometers on either the left or right
side on the hip continuously for 7 days for at least 10
hours per day (excluding sleeping, hygiene and bath-
ing). Participants chose whether to wear the ped-
ometer on the left or right side, as previous research
showed that pedometers did not significantly differ in
their estimates depending on the side of the body they
were worn on [30,31]. Adolescents were informed to
wear the pedometer for the whole day (i.e. put on the
pedometer in the morning and remove it before sleep-
ing). Pedometers were not worn during water based
activities, but the time spent performing water based
PA was recorded into the chart sheets (see below).
Both the Yamax and Omron pedometers have been
tested (in terms of number of steps) against direct
observation (actual steps tallied with a hand counter)
at different speeds: both models did not significantly
overestimate or underestimate the number of steps up
to speeds of 107 m/min [31]. Both the Yamax and
Omron models have demonstrated high intra-model
reliability [32] and accuracy for step counting at
speeds of 80 m/min and above, where both provided
mean values that were within ±1% of the actual steps
[31].
In addition, information regarding self-reported PA

and sedentary behaviour in minutes for each day was
also collected: adolescents recorded the type and dura-
tion in minutes of any performed PA (e.g. walking, run-
ning, work-related physical activity, fitness, sport games
as football, hockey, volleyball, etc.); and of any sedentary
behaviour (e.g. sedentary time spent on personal com-
puters, watching TV, studying, at a restaurant, etc.).
Each adolescent recorded this information into an indi-
vidual chart sheet (adapted from published studies
[33,34] and slightly modified to better fit the Czech con-
text and culture [35]). Adolescents entered this informa-
tion during the day and also in the evening, but, in
agreement with others [8], durations of PA or sedentary
behaviour lasting less than 10 minutes were not entered
into the chart sheets.

Statistical analysis
This study was analyzed across two cross-sectional
cohorts carried out in 1998-2000 and 2008-2010. Statis-
tical analysis was undertaken using STATISTICA v.8
and SPSS v.19. For the pedometer and self-reported
data, multivariate ANOVA (MANOVA) test (2 × 2 × 2)
with related Fisher LSD post-hoc test computed any sig-
nificant differences between the numbers of steps
achieved. In the 2 × 2 × 2 MANOVA, the number of

steps achieved (whole week or weekdays days or week-
end) was the dependant variable. The three independent
variables comprised age (younger adolescent 14-<16
years, older adolescent 16-18 years), cohort (younger
cohort 2008-2010, older cohort 1998-2000) and gender
(boys, girls).
Association of seasonal variation with weekly number

of steps achieved was tested using one-way ANOVA
test. Differences between the two cohorts in terms of
sample characteristics, BMI and meeting health recom-
mendations were based on tests for difference between
proportions.

Results
Sample characteristics and proportion of adolescents by
BMI and by meeting health recommendations for number
of achieved daily steps
Whole sample: participants’ mean age in the older
cohort (1998-2000) was 16.16 ± 0.89 years and in the
younger cohort (2008-2010) was 15.84 ± 0.79 years. In
relation to BMI, when the younger cohort was com-
pared to the older cohort, there were no significant
secular changes in the proportion of adolescents who
were overweight, but there was a significant increase in
the proportion of obese adolescents. As regards meeting
the health recommendations for the number of achieved
daily steps, there was a significant decrease in the pro-
portion of boys who met the recommendations when
the younger cohort was compared to the older cohort.
However, there were no similar significant inter-cohort
differences in the proportion of girls who met the
recommendations (Table 1).

Secular trends: pedometer-monitored number of steps by
gender, cohort and by younger (14-<16 years) and older
(16-18 years) adolescents
Analysis of variance was used to assess whether seasonal
variation was associated with the number of steps
achieved. There were no differences in weekly number
of steps achieved across the different seasons for the
whole sample (n = 902) (F = 1.50; p = 0.22) and also for
each cohort individually [younger cohort (p = 0.07) and
older cohort] (p = 0.11) (data not presented).
Table 2 shows the MANOVA findings. In addition to

the main effects, there were several significant interac-
tions between cohort and gender and between cohort
and age (as regards the number of daily steps achieved).
The comparison of the pedometer-monitored amount

of PA for the whole sample of each cohort indicated
several differences (Figures 1A and 1B). For the whole
week (7-day monitoring), the interaction between cohort
and age (Table 2) was significant (p < 0.001), with
greater decreases (of the achieved weekly number of
steps) in younger adolescents (14-<16 years) than in the

Sigmundová et al. BMC Public Health 2011, 11:731
http://www.biomedcentral.com/1471-2458/11/731

Page 4 of 12



older adolescents (16-18 years) when the younger cohort
was compared to the older cohort. The comparison of
the younger adolescents within the two cohorts (14 to
<16 years, Figures 1C and 1D) shows that for the whole
week, there was a significant decrease (post hoc LSD
test) in the achieved number of steps of the younger
cohort when compared with the older cohort for both
genders (boys p < 0.0001; girls p = 0.008).
During weekdays (5-day monitoring), the MANOVA

(Table 2) suggested similar interaction effects. The inter-
action between cohort and age was significant (p <
0.001), with greater decreases (of achieved weekly num-
ber of steps) in younger adolescents (14-<16 years) than
in the older adolescents (16-18) when the younger
cohort was compared to the older cohort. In addition,
there was significant interaction between cohort and
gender (p < 0.05) with greater decreases (of achieved
weekly number of steps) in boys than in girls when the
younger cohort was compared to the older cohort.
The post hoc LSD test indicated that in younger ado-

lescents (14 to <16 years, Figures 1C and 1D) there were
significant decreases in the step counts achieved during
weekdays by the younger cohort, when compared to the
older cohort for both genders (boys p < 0.0001; girls p <
0.001). In both genders, the younger adolescents of the
older cohort (1998-2000) performed higher PA levels
than their counterparts of the younger cohort (2008-
2010) during the whole week and during working days.
In older adolescents (16 to <18 years, Figures 1E and

1F) during weekdays, there were significant decreases in
the number of steps achieved by the younger cohort
when compared to the older cohort in boys but not in
girls (boys p = 0.02; girls p = 0.41).
However, during the weekend (2-day monitoring),

there were no inter-cohort differences in the number of
steps achieved (F = 0.002, p = 0.97), and also no interac-
tion effects between cohort and other variables.

Secular trends: duration and type of PA by gender,
cohort and by younger and older adolescents
Table 3 depicts the secular differences in the self-
reported type and duration of PA by gender, cohort and
by younger (14-<16 years) and older (16-18 years) ado-
lescent groups.

For the whole week, there were significant decreases in
the duration of PA of the younger cohort when com-
pared to the older cohort (F = 19.59, p < 0.001), where
the older cohort (1998-2000) showed higher PA levels.
The findings also indicated that younger adolescents
reported significantly more PA than older adolescents (F
= 6.34, p < 0.01). During weekdays (5-day monitoring),
MANOVA (Table 3) suggested similar ‘cohort’ differ-
ences as there were significant decreases in the duration
of PA of the younger cohort when compared to the
older cohort (F = 12.56, p < 0.001). Similarly, younger
adolescents reported significantly more PA than older
adolescents (F = 10.88, p <0.01). During the weekend (2-
day monitoring), there were only significant differences
between younger and older adolescents (F = 4.78, p <
0.05) where younger adolescents (14 to < 16 years)
reported more time spent in PA. Besides the significant
main effects, there were no significant interactions
between cohort, gender or age.
However, as regards the type of self-reported PA

(Table 3), there were several significant interactions in
the time spent playing games. For this activity, the inter-
action between cohort and gender was significant (p <
0.01), with increase of reported time spent playing
games in girls (from 21 minutes to 47 minutes) and
decreased time in boys (about 20 minutes, Figure 2),
when comparing the younger cohort (2008-2010) to the
older cohort (1998-2000). In addition, for this type of
PA (time spent playing games), there was significant
interaction effects between cohort, gender and age (p <
0.01). The post-hoc LSD test suggested that: 1) there
were differences between cohorts in younger adolescent
boys (p < 0.01); 2) there were gender differences in the
older cohort for younger (p < 0.001) and older adoles-
cents (p < 0.001); and, 3) there were age group differ-
ences in boys from older cohort (p < 0.001). In addition
to these significant interactions, MANOVA (Table 3)
also exhibited several significant main effects.
There were significant decreases in the time spent

walking (F = 13.76, p < 0.001) and time spent in aerobic
exercise (F = 7.56, p < 0.01) of the younger cohort
(1998-2000) when compared to the older cohort (2008-
2010). However, walking was a prevalent form of PA in
both cohorts.

Table 2 F-values of differences in number of steps achieved during the week, weekdays and weekends by cohort,
gender and age

Variable/Ffactor Fcohort Fgender Fage Fcohort × gender Fcohort × age Fgender × age Fcohort × gender × age

Whole sample

Week 26.65*** 24.33*** 6.78*** 2.79 13.03*** 1.47 1.41

Weekdays 45.78*** 23.92*** 9.82** 4.00* 16.96*** 0.68 0.52

Weekend 0.002 9.56** 0.286 0.13 1.415 2.28 2.73

Based on multivariate analysis of variance; *p < 0.05; **p < 0.01; ***p < 0.001
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The proportional changes in total duration of self-
reported PA between the two cohorts (Figure 2) were:
for boys, the younger cohort generally exhibited less
self-reported PA (by -9% to -18%) than the older
cohort; for girls, generally, the younger cohort showed
less self-reported PA (by -11% to -26%) than the older
cohort.

Secular trends: duration and type of sedentary behaviour
by gender, cohort and by younger (14-<16 years) and
older (16-18 years) adolescents
Table 4 depicts the secular differences in self-reported
type and duration of sedentary behaviour by gender,
cohort and by younger (14-<16 years) and older (16-18
years) adolescents. For the weekdays, there were

 A B 

E F 

C D 

Figure 1 Cohort differences by gender: daily steps achieved during the whole week, weekdays and at weekends Note : —
recommendation (girls) 9,000 steps per day; -recommendation (boys) 11,000 steps per day; Error bars: 95% CI; older cohort (1998-2000); younger
cohort (2008-2010); younger adolescent (14 to <16 years), older adolescent (16 to <18 years)
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significant interactions between cohort and gender (p <
0.05), with increase of the duration of sedentary beha-
viour in girls and a decrease in boys when the younger
cohort is compared to the older cohort.
During the whole week and weekend, there are no sig-

nificant differences between cohorts.
MANOVA also suggested that there were significant

interactions (p < 0.05) between cohort and gender in
time spent watching TV, with greater decrease of time
watching TV in boys than in girls, when comparing the
younger cohort (2008-2010) to the older cohort (1998-
2000). Similarly, there were significant interactions (p <
0.05) between cohort and gender in time spent seden-
tary at school, with decreasing time in boys and increas-
ing time in girls, when comparing the younger cohort to
the older one. There was also a significant interaction

between cohort and age (p < 0.001) as regards other
sedentary behaviour, (decreases in younger adolescents
and increases in older adolescents), when the younger
cohort is compared to the older cohort.
Apart from these significant interactions, MANOVA

(Table 4) exhibited several significant main effects.
There were significant increases in the time spent in
front of PC (F = 51.75, p < 0.001), and significant
decreases in time spent studying (F = 35.70, p < 0.001)
of the younger cohort (2008-2010) when compared to
the older cohort (1998-2000). The absolute values in
self-reported sedentary behaviours are presented in Fig-
ure 3. The longest time adolescents spent sedentary was
at school. Boys of both cohorts spent >14 hours per
week watching TV or on computers; while girls’ screen
time in the older cohort was 458 minutes per week,

Table 3 F-values of differences in duration and types of PA by cohort, gender and age

Variable/Ffactor Fcohort Fgender Fage Fcohort × gender Fcohort × age Fgender × age Fcohort × gender × age

Comparison by week segment (Duration as min/day)

Whole week 11.59*** 1.65 6.34** 0.45 2.26 0.57 0.12

Weekdays 12.56*** 1.88 10.88** 0.20 1.49 0.51 1.64

Weekend 0.37 1.04 4.78* 0.26 0.22 2.91 0.19

Comparison by type (Duration as min/week)

Walking 13.76*** 22.16*** 0.03 0.73 1.55 0.21 1.27

Aerobic exercise 7.56** 0.003 7.41** 0.89 0.92 1.33 0.01

Games 0.10 42.97*** 3.22 10.43** 3.22 3.99* 7.64**

Household 2.80 1.95 0.03 1.65 0.13 3.34 0.62

Other PA 0.73 10.13** 7.31** 0.03 0.01 0.27 2.74

Based on multivariate analysis of variance; *p < 0.05; **p < 0.01; ***p < 0.001

Figure 2 Structure of self-reported physical activity of adolescents (average value in minutes per week)
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increasing to 627 minutes per week in the younger
cohort.
The proportional changes in total self-reported seden-

tary behaviour between the two cohorts were: for boys,
the younger cohort (2008-2010) generally exhibited less
self-reported sedentary behaviour (by -5% to -18%) than
the older cohort (1998-2000). For girls (whole sample
and older adolescents), the younger cohort (2008-2010)
showed more self-reported PA than the older cohort
(1998-2000).

Discussion
A sufficient level of PA in adolescence is important for
positive development of PA in adulthood [2-4,36].
Authors have repeatedly cautioned that significant
decreases of PA appear mainly in adolescence [12-15].
However, Central and Eastern Europe seem to be going

through similar negative health trends previously wit-
nessed in Western countries despite the fact that these
nations in transition could avoid such trends [23].
Hence, the current study assessed the secular trends in
the total amount of PA (achieved number of steps) as
well as the duration and types of PA and sedentary
behaviours of both genders of two independent random
samples of Czech adolescents across two cohorts ten
years apart. Such research can provide indispensable evi-
dence for future interventions aimed at the enhance-
ment of PA in youth and young adults. In addition, the
current study response rate (94%) is higher than in pre-
vious studies investigating secular trends [24].
In relation to the first objective, in these samples of

adolescents from the Czech Republic, 10.4% and 5.5%
were either overweight or obese in the younger cohort
(2008-2010) and older cohort (1998-2000) respectively.

Table 4 F-values of differences in duration and types of sedentary behaviour by cohort, gender and age

Variable/Ffactor Fcohort Fgender Fage Fcohort × gender Fcohort × age Fgender × age Fcohort × gender × age

Comparison by week segment (Duration as min/day)

Whole week 1.18 2.50 7.49** 2.22 2.57 2.38 0.01

Weekdays 2.04 6.94** 8.66** 4.39* 3.50 4.85* 0.10

Weekend 0.02 2.43 1.67 0.26 0.16 0.37 0.22

Comparison by type (Duration as min/week)

Watching TV 29.28*** 7.86** 3.23 3.88* 0.44 0.26 1.22

PC 51.75*** 39.37*** 0.76 0.46 0.26 0.05 1.86

Studying 35.70*** 35.13*** 7.14** 2.08 2.16 2.44 0.86

School 0.65 12.09*** 16.81*** 4.57* 1.30 2.16 3.78

Other sedentary behaviour 0.70 13.89*** 0.20 0.13 11.14*** 1.05 1.09

Based on multivariate analysis of variance; *p < 0.05; **p < 0.01; ***p < 0.001

Figure 3 Structure of self-reported sedentary behaviour of adolescents (average value in minutes per week)
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Globally, the development of overweight and obesity is
serious: for instance in the USA there was a 48% occur-
rence (of either overweight or obesity) in children and
adolescents aged 10 to 17 years old [37]. In contrast, the
HELENA study (9 countries in Europe) reported that
23% of adolescents were either overweight or obese [9].
Indeed, the progression of the obesity epidemic seems
evident across Europe. In Switzerland, obesity in chil-
dren increased from 4% (1960) to 18% (2003). In the
UK, the proportion of obese children increased from 8%
to 20% between 1974 and 2003. In Spain, the number of
obese children doubled between 1985 and 2002 [22].
One of the plausible explanations for such increases in
obesity observed in Europe and the USA, based on theo-
retical and empirical examinations, is the decline in PA
[22,38,39]. In the current study’s Czech sample, there
was a minor increase (about 5%) in the proportion of
overweight or obese adolescents across the 10-year per-
iod. Although the Czech sample of the current study
showed more ‘favourable’ overweight or obesity levels
than US adolescents [37] and European adolescents [9],
the actual estimate of either overweight or obese Czech
adolescents could be higher than this study’s findings
might indicate as the more physically active proportion
of the population and particularly those with normal
weight are usually more likely to consent to and com-
plete studies of this nature [40].
In terms of the second objective, Vincent and Pangrazi

[41] recommended achieving 11,000 and 13,000 daily
steps respectively for girls and boys aged 6-12 years as a
health criterion. Further, for the same age group,
Tudor-Locke et al. [42] suggested 12,000 and 15,000
steps/day for girls and boys respectively. In the Czech
Republic, the recommendation for adolescents (aged 14-
18 years) is 9,000 and 11,000 daily steps for girls and
boys respectively [8]. In the current study, over a 10-
year period, the proportion of Czech boys who met the
recommendation of 11,000 daily steps declined from
68% (older cohort, 1998-2000) to 55% (younger cohort,
2008-2010). In contrast, girls did not show a similar sig-
nificant decline, whereby for both cohorts, approxi-
mately 74-75% of girls met the recommendation of
9,000 daily steps. Meeting this PA criterion seems to be
appropriate to prevent increases of overweight and obe-
sity [9]. This apparently high and stable proportion of
Czech adolescent girls who achieved the PA recommen-
dation is encouraging.
In relation to the third objective, the study assessed

any secular changes in pedometer-monitored number of
steps across two cohorts of adolescents 10-years apart.
the decline of PA in connection with age is well docu-
mented [12,13], however, research on secular changes of
PA have frequently not been undertaken (long time
demands required for such studies) [13,24]. Indeed, only

few such studies have been carried out in Eastern or
Central Europe [25]. An important methodological find-
ing is the significant interaction effects (cohort × age;
and cohort × gender) that the current study found: this
suggested that inquires into PA would need to analyse
the number of steps achieved by cohort, age and gender.
Surprisingly, other investigations of secular trends of
adolescents’ PA in Australia, Sweden and Spain did not
report that any analysis was carried out in order to
explore any such interactions [24,43-45].
The current study showed that for this sample of

adolescent girls and boys in the Czech Republic, there
was a secular negative trend (decrease) in terms of the
achieved pedometer-monitored daily step counts.
There were more decreases in the younger adolescents
(14-<16 years) (for the whole week and also for week-
days). For the whole sample, there was greater
decrease (of achieved weekly number of steps) in boys
than in girls when the younger cohort was compared
to the older cohort. However during the weekend
there were no differences between the cohorts. In con-
trast, others [44] found no differences between Swed-
ish adolescents’ pedometer-monitored PA over four
weekdays in 2000 and 2008, although a study of Swed-
ish schoolchildren found a secular decrease from 2000
to 2006 in number of steps achieved during four con-
secutive weekdays [45]. Moreover, in Spanish adoles-
cents, a positive secular change in health-related
physical fitness (cardio-respiratory fitness and agility)
was found over 5 years [43].
In summary, the current study’s ‘negative’ finding is

important and will require attention from policy makers:
current Czech adolescents achieved a significantly less
number of daily steps (notably during weekdays) than
adolescents ten years earlier.
As for the fourth objective, the study examined any

secular trends in the duration and types of self-reported
PA across two cohorts. Generally, in this study, the total
duration of self-reported PA in adolescents decreased
9%-18% in boys and 11%-26% in girls across the 10-year
period. The adolescent population represents one of the
most physically active subpopulations [17], however,
researchers have usually assessed adolescents’ PA with-
out data about the specific types of the PA [17]. Brid-
ging this gap, the current study monitored both the
duration of PA as well its types. In this study’s sample,
walking accounted for the largest proportion of total
PA, in agreement with PA studies carried out in Czech,
Polish and Swedish adolescents [46,47], Filipino youth
[48], or Canadian youth [49]. However, the current
study findings also showed a secular decrease in time
spent walking, which is contrary to Canadian adolescent
girls, where it was the only activity where the prevalence
did not decrease over time [49]. Walking is a prevalent
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form of PA in many countries, and it is a movement
form that has great potential in global PA [17].
Other popular types of PA in girls are aerobic exer-

cises e.g. cycling, in-line skating and running [47]. The
current study observed a significant decrease in aerobic
exercises when the younger cohort (2008-2010) was
compared to the older cohort (1998-2000). PA promo-
tion in adolescent girls might be enhanced by offering
them their preferred activities (dance, aerobics, sport
games) [50]. On the other hand, boys usually prefer
sports games [47]. However, despite the popularity of
sports games, in boys, the current study found a nega-
tive secular change in time spent playing games. Achiev-
ing sufficient PA in adolescence appeared to be most
beneficial in enhancing adult PA e.g. adolescents’ (boys)
participation in ball games increased their participation
in ball games in adulthood [1]. In summary, the current
study found a negative secular trend in the duration of
self-reported PA.
As regards the fifth objective, the study examined any

secular trends in the duration and type of self-reported
sedentary behaviours across the two cohorts. Sedentary
behaviour in children such as watching TV can be a
more crucial indicator of risk of obesity than PA beha-
viour [51]. In the current sample of Czech adolescents,
for both genders, sedentary behaviours in both cohorts
were not different. Increased time spent on computers
seems to be compensated for by decreased time spent
watching TV. This increased time spent on computers
is consistent with the increase in households in the
Czech Republic who own computer/s (from 17.9% of
households in 2000 to 54.2% in 2009), and also consis-
tent with the increase in households with internet con-
nections (from 5.8% in 2001 to 49.2% in 2009) [52].
A more detailed analysis revealed that Czech adoles-

cent boys spent about 2 hours daily watching TV or on
computers, while girls spent about 1-1.5 hours.
Although this amount of time might still seem accepta-
ble, it is necessary to observe and/or possibly regulate it,
as watching TV is a key factor that increases the risk of
being overweight or obese [51,53]. The current study
also found that a larger proportion of sedentary beha-
viour of Czech adolescents was during studying (4-6.5
hours/working day). Indeed watching TV, computer use
and studying have been reported sedentary behaviours
in adolescents in Hungary [25], Spain [54], and Finland
[55]. However, it is encouraging that current (2008-
2010) Czech adolescents self-reported less sedentary
behaviour than their counterparts ten years ago (1998-
2000).
This study has limitations. Due to the respondent bur-

den, the sample comprised 902 adolescents. This study
is not a population study, rather it is based on random
samples. BMI was computed based on self-reported (not

measured) height and weight which might be influenced
by social desirability and sociability, and are not objec-
tive indicators. The study is also unable to estimate the
extent of inaccurate completions of the record charts by
the participants that might influence the durations of
the reported PA and sedentary behaviours (e.g., missing/
forgetting to record certain PA/sedentary behaviours;
only roughly estimating the duration of PA/sedentary
behaviours where the duration of reported PA/sedentary
behaviours were not precisely measured by a watch).
Two types of pedometers were used in this study. Even
if both models demonstrated good reliability, this might
cause some differences in the number of recorded steps.
No steps were added for the water based PA, however
these types of physical activities were not discounted:
they were included and recorded in the charts in rela-
tion to the duration of self-reported PA. While the com-
bination of objective and subjective methods of
monitoring increases the validity of the monitoring,
neither pedometers nor self-reports consider the inten-
sity of performed PA. The use of pedometers to assess
weekly PA could reflect reactivity as pedometers lack a
blinded display, and furthermore, participants also regis-
tered the number of daily steps into the record charts:
these facts suggested that pedometers could be ‘semi-
objective’. The recommendations for Czech adolescent
were created before the year 2000, and new knowledge
about PA and sedentary behaviour could contribute to
new, more valid recommendations for Czech adoles-
cents. Future PA monitoring would need to address
these factors, and would benefit from using motion
devices without display (e.g. Actigraph) to provide more
precise objective estimates; recruiting more participants;
and, implementing longer term monitoring e.g. four-
week long comparative studies implemented in different
school environments (sport schools, boarding schools,
schools implementing special educational programs, e.g.
“healthy schools”), or under different socio-demographic
conditions.

Conclusions
Levels of overweight or obesity were not highly preva-
lent in this sample of Czech adolescents. Only 10.4%
and 5.5% of adolescents in the Czech Republic were
either overweight or obese in the younger cohort and
older cohort respectively. Most Czech adolescents met
the health criterion for PA (notably in the older cohort).
The proportion of girls who achieved the criterion of
9,000 steps per day was stable (did not change) across
both cohorts. In boys, there was a slight decrease in the
proportion of current adolescents (the younger cohort)
who met the criterion in contrast to the older cohort of
1998-2000. In this Czech sample, there was a secular
decrease in the amount (number of steps) of PA and
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also, with some exceptions, in the duration of self-
reported PA across a ten year period. On the other
hand, there were no identified secular changes in the
time spent in sedentary behaviour in boys, although
there was a slight secular increase of sedentary beha-
viour in girls across the same time period. There was an
increase of time spent on computers, with a simulta-
neous decrease in time spent watching TV. The main
items stated for sedentary behaviour were TV watching
and computer use. Future intervention programs should
focus on long-term changes in post-communist coun-
tries, and as the most prevalent form of PA in the
Czech Republic is walking, therefore future health pro-
motion efforts should build on this in order to encou-
rage and expand the population base that is undertaking
this type of PA. Interaction effects also showed that PA
differed across cohorts by age and by gender, hence
future studies need to consider such interaction effects.
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