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Abstract: A large proportion of children and adolescents spend their leisure time with predominantly
sedentary pursuits and do not reach the WHO physical activity recommendations. As there remains
limited research on specific sedentary behaviors in Austrian children and adolescents, we investigated
time spent sitting and the utilization of various media during school days and the weekend in 6- to 15-
year-old schoolchildren. Data for this cross-sectional study were collected in Spring 2022 with a
standardized questionnaire that was based on the “Heidelberger Questionnaire for the Assessment of
Sitting Behavior in Children and Adolescents”. Questions examined the frequency and duration of
different sedentary behaviors separately for weekdays and weekends. A total of 2061 students were
included in the analyses. Various factors, including school grade, sex, or recreational behavior, were
implemented in a multifactorial ANOVA accounting for 1st order interactions. The mean sitting time
of children and adolescents of all eight school grades was 10.4 + 1.7 hours, with 56.7% associated with
school. A significant increase in sitting time was observed from 1st grade (10.0 + 1.3 h) to 8th grade
(12.3+£1.2 h; p <0.01), while sleep duration decreased with increasing age (p < 0.01). Media use was
1.2+0.7 hin 1st grade and increased to 3.2 £ 1.2 h by 8th grade (p < 0.01). Physical activity decreased
from 4.5+ 1.4 hto 3.6 = 1.0 h during the same period. While the increase in sitting time on weekdays
was at the expense of sleep duration, the increase in sitting time on weekend days was at the expense
of time spent in physical activity. In summary, there was a substantial increase in sedentary time from
1st to 8th grade, with school-related sedentary time accounting for the largest proportion, followed by
a large increase in time spent with electronic media with increasing age. In addition, high sedentary



292

time may come at the expense of sufficient sleep time, which further emphasizes the need to address
sedentary behavior and sleep as important health correlates.
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1. Introduction

The importance of physical activity for the overall development of children and adolescents has
been demonstrated by many studies [1-3]. The promotion of physical activity throughout the lifespan
is therefore one of the most pertinent and central challenges of the 21st century [4]. Behavioral choices
of children and adolescents, however, have undergone serious changes in almost all industrialized
nations in recent decades and they are increasingly characterized by a lack of physical activity [5].
Particularly, sedentary behavior, which refers to activities with an energy expenditure below 1.5 MET
and includes recumbent behaviors [6], increased while a large proportion of children and adolescents
do not meet the current physical activity recommendations of the World Health Organization [7-9].
Sedentary behavior was further exacerbated by the COVID-19 pandemic due to various lockdowns
and homeschooling [10-14].

The sharp increase in sedentary behavior has attracted increased interest from medical and
exercise scientists in recent years. For example, numerous studies have demonstrated that daily
sedentary time of more than eight hours increases the risk for type 2 diabetes, cardiovascular disease,
tumor disease and all-cause mortality [15-22]. In addition, a sedentary lifestyle is associated with
overweight and obesity [23-25], as well as a frequent cause of low back pain [26,27]. Furthermore,
long sitting times in children and adolescents have been associated with reduced sleep quality and
shortened sleep duration [28]. Adequate sleep, however, is essential for optimal health in children and
adolescents and the American Academy of Sleep Medicine recommends a daily sleep duration between
9 and 12 hours for children starting at the age of six years and between 8 and 10 hours for adolescents
after the age of 13 years [29].

Even though there are various studies that examined the problem of a sedentary lifestyle in
children and adolescents, these have often been collected using different methods, at different ages and
in different settings, making them difficult to compare [30]. Using objective measures, LeBlanc et al. [28]
observed that 10-year-old Canadian children spend an average of 8.5 hours/day with sedentary pursuits
and similar results have been shown in 10- to 12-year-old Australian children [31]. Huber and
Koppel [32], on the other hand, determined the sitting times of four- to 20-year-old children and
adolescents using a questionnaire and observed mean sitting times of nearly 10 hours/day. It has also
been documented that children’s sedentary behavior increases with school enrollment [33].
Nevertheless, we still know relatively little about how long and on what occasions children and
adolescents sit on school days and during weekends. Therefore, the aim of this study was to survey the
daily sitting times of six- to fifteen-year-old Austrian children and adolescents within the federal state
of Tyrol as no data in this regard are yet available for this region. It was hypothesized that sitting time
increases with age due to an increase in school-related work and time spent on electronic media during
the transition from childhood into adolescence.
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2. Materials and methods

In the present cross-sectional study, we examine various sedentary behaviors in 6 to 15-year-old
primary and secondary school students, which represents the age range when school attendance is
mandatory in Austria. For this purpose, 40 elementary schools (= primary level: 1st to 4th grade) and
15 middle schools (= secondary level: 5th to 8th grade) from different districts in the Federal State of
Tyrol, Austria were randomly selected and asked to participate in the study. Nine elementary schools
and three middle schools refused to participate in the study. In the remaining 43 schools more than
2000 children and adolescents were recruited for the study. The study protocol was approved by the
school management, the responsible sponsors of the schools (Education Directorate for Tyrol) and the
Review Board of the University of Innsbruck (Certificate of good standing, 30/2022). Parents were
notified by letter and provided written informed consent. Data collection occurred between April and
May 2022.

The “Heidelberg Questionnaire to Record the Sitting Behavior of Children and Adolescents” [34]
was used to determine time spent in various sedentary behaviors. For primary school students (6 to 10
years old) questionnaires were distributed via the participating schools and completed at home by their
parents or guardians. Secondary school students (11 to 15 years old) completed the paper-pencil-
questionnaire themselves directly in the schools. Specifically, the questionnaire examines how many
hours (rounded to 0.5 hours) children and adolescents spend on an average school or weekend day
within the following domains, which also meet the requirements of the “Canadian 24-hour Movement
Guidelines for Children and Youth” [35]:

1. Sleeping (time spent lying down)

. Eating (sitting)

. Sitting at school

. Seated work at home

. Time spent sitting during transport

. Sitting activities during leisure time (playing, computer, TV, cinema, reading)
. Other activities while sitting

. Physical activity

Average sedentary time was calculated based on the reported sedentary time on school days and
sedentary time on weekends using the following formula:

0O ~NO Ok W

sedentary time schoolday X 5 + sedentary time weekend X 2
7

Sedentary time =

In addition to sitting times, membership in a sports club was surveyed, as well as ownership of a
personal cell phone and whether there was a media device (TV, computer, laptop) in the child’s
bedroom. Further, data on age (years), height (cm), weight (kg), as well as length (km) and type
(passive or active) of travel to school were collected. Anthropometric measurements were used to
calculate BMI, which was used to determine weight status using German reference values [36].
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2.1. Data cleaning and statistical analysis clinical trial registration

Individual dimensions were first checked for plausibility and questionnaires with logically
incomprehensible outliers (e.g., total hours per day > or <24) were excluded from the analysis. Of the
total of 2198 returned questionnaires, 2061 questionnaires were included in the analyses.

Frequencies were tabulated and percentages are reported. Frequency comparisons were made
using the chi-square test. For metric variables, the number of cases, mean and standard deviation (SD)
and minima and maxima are reported. The effects of the influencing variables school grade (1-8), sex
(male/female), membership in a sports club (yes/no), having a TV, computer or laptop in the bedroom
(yes/no), owning a smartphone, cell phone or tablet (yes/no), walking or biking to school (yes/no) and
being overweight (yes/no) on average sedentary time were included in a multifactorial between groups
ANOVA, accounting for 1st order interactions. Due to the close relationship between chronological
age and school grade, age was not additionally included in the model. Non-significant interactions
were dropped from the model. The major effects were sorted according to the effect size (partial eta-
squared; n?p). Following Cohen [37], 0.01 < 1?p < 0.06 was considered a small effect, 0.06 < n?p <
0.14 was considered a medium effect, and n?p > 0.14 was considered a large effect. Data analysis was
performed with SPSS 28 (IBM Corp., Armonk, NY).

3. Results

Over the two-month period, a total of 2061 Tyrolean children and adolescents (49.6% male)
between 6 and 15 years of age provided complete and valid data. The mean age of the school children
was 10.1 + 2.3 years. The distribution of school grades and the respective average age of the
participants are detailed in Table 1.

Table 1. Number of students, average age with standard deviation and minimum and
maximum age across the 8 school levels.

Grade N Age (years) Minimum Maximum
1 211 6.6+0.5 6 9

2 292 7.7+0.6 6 10

3 330 8.7+0.6 7 10

4 282 9.7+0.6 7 11

5 242 106 £0.5 10 12

6 252 11.9+0.7 11 14

7 228 12.7+0.7 12 15

8 224 13.8+0.7 12 15

Across the entire sample, 1115 participants (54.1%) were in the elementary school level (grades
1-4) and 946 (45.9%) were in the secondary school level (grades 5-8). Concerning weight status, 69
participants (3.4%) were severely underweight, 116 participants (5.6%) were underweight, 1624
participants (78.8%) were of normal weight, 178 participants (8.6%) were overweight and 74
participants (3.6%) were obese. A total of 1021 participants (49.5%) were sports club members, 897
participants (43.5%) had a TV, computer, or laptop in their bedroom and 1498 participants (72.6%)
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had their own smartphone, cell phone or tablet. Walking or biking to school was reported by 1285
children and adolescents (62.3%).

3.1. Sedentary pursuits, sleeping time and physical activity

Average daily sedentary time across all grades was 10.4 + 1.7 hours, increasing from 9.0 + 1.3
hours in grade 1 to 12.3 + 1.2 hours in grade 8 (Figure 1a). Average sleep time per night decreased
from 10.5 + 0.7 hours to 8.1 + 0.8 hours and physical activity time decreased from 4.5+ 1.2t0 3.6 +
1.0 hours per day (Figure 1a). When sedentary time, sleep time and physical activity were examined
separately by weekday and weekend day (Figure 1b and 1c), it was found that across school grades,
daily sedentary time on weekdays increased from 9.4 + 1.3 in school grade 1 to 12.8 £ 1.4 hours in
school grade 8, mainly at the expense of sleep time (from 10.3 £ 0.8 to 7.3 + 1.0 hours). Physical
activity time differed only slightly between grade levels on weekdays (from 3.3 £ 1.3t0 3.1+ 1.1 hours;
Figure 1b). On weekends, on the other hand, sedentary time increased from 7.1 + 1.8 hours in school
grade 1 to 10.2 £ 1.9 hours in school grade 8, primarily at the expense of physical activity (from 6.1 +
1.8 to 3.6 £ 1.4 hours), while sleep time remained largely unchanged across school grades (from 10.7
+0.91t0 9.8 £ 1.1 hours; Figure 1c).

a) Total week b) Weekday €] Weekendday

Hours per day

‘ﬁv!w
o
.

§
.
n

Figure 1. Average self-reported time sleeping, in sedentary pursuits and in physical activity
of 2061 students across the entire week (a), on weekdays (b) and on weekend days (c).
Bars represent mean values of hours. Small deviations from 24 hours per day are due to
rounding errors.

Specifically, participants spent an average of 4.7 = 0.7 hours sitting in school, 0.2 = 0.2 hours

sitting while traveling to school, 1.1 £ 0.5 hours sitting at home for schoolwork, 1.6 + 0.5 hours sitting
while eating, 1.2 + 0.7 hours of sitting for media use and 1.6 + 0.8 hours of other sitting activities
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during leisure time on weekdays. Particularly sitting in school increased from 4.1 + 0.6 hours in grade 1 to
5.1+ 0.3 hours in grade 8 and sitting for media use increased from 1.2 + 0.7 to 3.2 £ 1.2 hours (Figure 2).

On weekend days, sedentary time averaged over all 8 school levels was 0.4 + 0.6 hours for work,
1.9 £ 0.6 hours sitting while eating, 2.1 £ 1.0 hours sitting for media use and 2.9 £+ 1.3 hours other
sitting for other leisure activities.

! B of
P/f/:oz—

Sitting in school

o—0

O—10O Way to school sitting }_
@&—® Media use sitting weekday

#—K Other sitting leisure time weekday
o—0
A—aA

Hours per day
w

Sitting while eating weekday
Sitting work at home weekday

School level

Figure 2. Sedentary time in different pursuits from 1st to 8th grade on weekdays. Values
are mean with 95% confidence intervals.

3.2. Additional factors influencing average sedentary time

To investigate the influence of the variables gender, sports club membership, TV, computer or
laptop in the bedroom and owning a smartphone, cell phone or tablet on average daily sedentary time,
a multi-factorial between groups ANOVA was formed (Table 2). In addition, the variables school level,
walking/biking to school vs. public transport/car and weight status were included in this model.
Initially, all major effects and 1st order interactions were included. However, the interactions were
eliminated due to lack of significance.

Results showed significant effects of the included variables on average sedentary time (F = 125.3;
df = 13; p < 0.001; n?p = 0.44). School level, which is inherently closely correlated with age, had the
strongest effect on average sedentary time (n?p = 0.2; p < 0.001; Table 2), followed by overweight and
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transport to school. Media in the bedroom; owning a smartphone/tablet and sex had weak effects on
average sedentary times. Sports club membership was not significant in this model (p > 0.1).

Table 2. Results of the multi-factorial between groups ANOVA.

Source Type 11 Sum  df Mean F Sig. Partial Eta

of Squares Square Squared
Corrected Model 2531.6 13 194.7 125.3 <0.001 0.443
Intercept 76509.8 1 76509.8 49240.5 <0.001 0.960
School level 896.6 7 128.1 82.4 <0.001 0.220
Overweight 53.1 1 53.1 34.2 <0.001 0.016
Transport to school 33.2 1 33.2 21.3 <0.001 0.010
Media in own room 30.3 1 30.3 19.5 <0.001 0.009
Has own smartphone  15.6 1 15.6 10.0 0.002 0.005
Gender 94 1 9.4 6.0 0.014 0.003
Sports club member 4.0 1 4.0 2.6 0.107 0.001
Error 3180.6 2047 1.6
Total 228000.4 2061

5712.3 2060

Note: Only major effects are reported, due to the lack of significance of 1st order interactions. Higher-
order interactions were not tested. df: degrees of freedom; F: F-distribution; Sig.: Significance (p-value).

4. Discussion

Our aim of the present study was to examine daily sedentary pursuits among 2061 Tyrolean
children and adolescents between 6 and 15 years of age. One of the main findings of this study was
the steady age-related increase in sitting time among children and adolescents. This positive
relationship between sitting time and grade level or age was also observed in other studies [32,38,39].
The average daily sitting time increased from 9 hours in first grade to 12 hours in eighth grade, which
corresponds to an annual increase of about 25 minutes per day. Ortega et al. [40] came to similar
conclusions in their longitudinal study of 9- to 15-year-old Swedish and Estonian children. The mean
daily sitting times of 10.4 hours on weekdays and 8.6 hours on weekends collected in this study,
however, differ from some other studies, which used objective measurements of sedentary time and
observed 1 to 2.5 hours shorter sitting times across the entire week [41-43]. Comparable sitting times
to our results, on the other hand, were reported by Huber and Kdppel [32] in a recent international
study that used questionnaire data from over 4000 children and adolescents. One reason for the higher
sitting times in the present study could be attributed to the “aftermath” of the COVID-19 pandemic.
As observed in recent studies in Tyrolean children and adolescents [10,11], sedentary behavior
increased significantly during the implementation of movement restrictions during the COVID-19
pandemic (e.g., homeschooling, closure of sports facilities, etc.). This sedentary behavior may still be
reflected in the waning months of the pandemic when data collection occurred. The variables of sex,
BMI, media in the bedroom and route to school (active or passive) also had a significant influence on
average sitting times. However, the effect sizes of media in the child’s bedroom and sex were only small.
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While sitting time increased with increasing age, sleep duration decreased. Especially on
weekdays (school days), a strong decrease was observed from the first to the eighth school grade.
Children starting school had an average sleep duration of 10.5 hours while adolescents in eighth grade
slept only 7.5 hours/night. Considering the recommendations of the American Academy of Sleep
Medicine [29], the average sleep duration on weekdays was too short from the seventh grade onward,
especially in the eighth grade. During weekends, average sleep time, on the other hand, was in line
with the recommendations.

The detailed analyses further show that there is a considerable difference between weekdays
(school days) and weekend days in terms of sedentary pursuits, sleep duration and physical activity.
The longer sitting times on weekdays are naturally due to school-related activities. It was observed
that the daily sitting time on school days increased from 9.5 hours in the 1st grade to more than 12
hours in the 8th grade. In the lower school levels, daily school time consists of at least 4 classes per
day, and from the 5th school level onwards, there are at least 5 to 6 classes per day. While the increase
in sitting time on weekdays was mainly at the expense of sleeping time (decrease from 10 to 7 hours),
time spent on physical activities on weekdays changed only slightly (from 3.3 to 3.1 hours). The
maintenance of PA may at least partly be attributed to mandatory physical education in Austrian
schools. Furthermore, the structured days hypothesis suggests that formal structure and pre-planned
activities during the day facilitate physical activities [44]. On weekends, on the other hand, the increase
in sedentary time came primarily at the expense of physical activity (reduction from 6 to 3.6 hours
over the course of school attendance), while sleep time remained largely unchanged. These results are
also in line with the structured days hypothesis [44], which states that obesogenic behaviors such as
low PA are more pronounced on weekends compared to weekdays and these behaviors may become
more pronounced with increasing age due to the reduction in parental supervision.

In addition to school grades, which are naturally closely correlated with age, media use had the
strongest influence on average sedentary time on weekdays. For example, the duration of media use
increased from 1.2 hours in grade 1 to over 3 hours in grade 8. The increase in media use over the
course of age has also been confirmed in other studies [45,46]. Given the health-endangering effect of
long periods of sitting [19,27], there is an urgent need to increase physical activity and reduce sedentary
time in children and adolescents. The school itself provides an opportunity for intervention, as all
children can be reached in this setting. The first step is to reduce the amount of time spent sitting at
school and to create more incentives for physical activity. Physical education, active walking to school,
daily activity times and cooperation with sports clubs are proven measures [47]. Quality physical
education that focuses on motor competence may also facilitate engagement in PA during leisure time
and, accordingly, could have beneficial effects on behavioral choices during the weekend as well [48].

There are also some limitations of this study that should be considered when interpreting the
results. Information on sitting times was obtained via questionnaires at a single point in time. Although
questionnaires are often used in large samples, there is the risk of misreporting due to social desirability
as well as a risk for recall errors. Moreover, even though the study population consisted of a random
sample it was drawn from the Western part of Austria, and there was no information on the
socioeconomic background and living situation of the participants. Nevertheless, the large sample with
over 2000 subjects, the inclusion of 8 school grades and the use of a proven and validated questionnaire
are strengths of the present study.
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5. Conclusions

One of the main findings of this study was the positive correlation between sitting time and school
level or age. An increase in sitting time of about 3 hours was observed from grade 1 to grade 8. Another
significant influence on daily sitting time was media use, which also increased significantly with age.
Since different lifestyle habits manifest during childhood and adolescence, it is particularly important
to create opportunities for physical activity sessions at this age. In addition to breaking up sedentary
time in school, it is important to facilitate active recreational activities after school. Further, children
and adolescents need to learn how to use media wisely while being encouraged to engage in a more
active lifestyle. Of additional concern is the fact that the amount of time spent sitting increased with
age at the expense of sleep time, especially on school days. As sufficient sleep is important for the
psychophysical health of children and adolescents, efforts targeting sitting time may also address sleep
habits. Schools, politicians and parents are therefore called upon to offer children and adolescents an
active living environment during weekdays and weekends in order to encourage the adoption of a more
active lifestyle that contributes to their future health.
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