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Abstract

Background: Outdoor play, sedentary behavior (SB), and moderate-to-vigorous physical activity (MVPA) are related
to youth's health, however, there are research gaps regarding 1) associations between outdoor play, SB, and MVPA
across a broad pediatric age range (6-17 years), and 2) longitudinal associations between outdoor play, SB, and
MVPA across childhood and adolescence. Two studies were conducted to address those research gaps: Study 1
aimed to investigate relationships between outdoor play and accelerometer-assessed SB and MVPA in a cross-
sectional nationwide sample of children and adolescents in Germany. Study 2 aimed to investigate prospective
associations between outdoor play and self-reported screen-time SB and MVPA and in a sample of children with
three measurement timepoints across 11 years.

Methods: Data were obtained of the German national representative Motorik-Modul (MoMo) Study and the
German Health Interview and Examination Survey for Children and Adolescents (KiGGS). In Study 1, N=2278
participants (6-17 years) were included with self-reported outdoor play and accelerometer-assessed SB and MVPA.
Associations were examined via multiple linear regressions. In Study 2, N= 570 participants (baseline: 4-7 years)
were included in the longitudinal analysis with follow-ups six and 11 years later. Screen-time SB (TV watching and
PC/Gaming), MVPA, and outdoor play were self-reported. Associations were investigated through a path prediction
model.

Results: Study 1 showed that compared to <1 h outdoor play, higher engagement in daily outdoor play was
related to lower SB (1-2 h: —9.75 min/day, P=0.017; 22 h: — 17.78 min/day, P < 0.001) and higher MVPA (22 h: +
3.87 min/day, P=0.001). The cross-sectional relationship between MVPA and outdoor play was moderated by sex
(in favor of males) and age (in favor of younger children). Study 2 showed that outdoor play in early childhood
negatively predicted PC use/Gaming in later childhood, but was unrelated to MVPA.

Conclusion: In Study 1, outdoor play was negatively related to SB cross-sectionally. In Study 2, outdoor play in early
childhood was negatively related to PC and Gaming time in later childhood. Thus, providing outdoor play
opportunities, especially during early childhood, has potential to prevent SB. Future research should investigate
longitudinal relationships using device-based assessments for SB and MVPA.
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Background

Outdoor play, sedentary behavior, and moderate-to-
vigorous physical activity are related to youth’s health
[1-5]. Sedentary behavior describes any behavior in a
sitting or declined position requiring less than 1.5 meta-
bolic equivalents [6], and physical activity describes any
skeletal muscle movement leading to energy expenditure
[7]. While increased sedentary behavior is related to
physical, behavioral, and psychosocial health problems
[1, 5], increased physical activity is associated with nu-
merous physical and mental health benefits in youth [2].
Thus, the World Health Organization recommends lim-
iting sedentary behavior, specifically screen-time seden-
tary behavior, in children and adolescents, and
recommends that children and adolescents engage on
average in at least 60 min moderate-to-vigorous physical
activity a day across the week [8]. However, prevalence
data show that youth across the US and Europe spend
between 4 and 12 h a day sedentary [9] and that globally
only about 20% of youth conduct at least 60 min
moderate-to-vigorous physical activity daily [10], which
is similar to physical activity levels in Germany when
assessed via self-report [11].

An activity especially relevant for children is outdoor
play, defined as any unstructured physical activity taking
place outdoors during children’s leisure time [12]. In
children between two and five years, outdoor play was
positively related to prosocial outcomes, such as open-
ness and cooperation [3, 4]. In three- to four-year-old
preschoolers, more outdoor play was related to a body-
mass-index (BMI) decrease and a reduced risk for obes-
ity at the end of the preschool year [13]. In another
study with about 20,000 Canadian youth in grades six to
10, Janssen [14] showed that replacing one hour active
outdoor play with one hour active video gaming per day
was associated with a 6% reduced probability of pro-
social behaviour, a 3% reduced probability of high life
satisfaction, and a 7% increased probability in high emo-
tional problems. In the Canadian Health Behaviour of
School Children study with youth aged 11-15 years,
more than 30 min outdoor play were related to a 24%
decrease in the prevalence of psychosomatic symptoms,
including feeling low and nervous, sleep problems, and
bad temper in females, while no significant associations
were observed for males [15]. Although outdoor play is
related to several health benefits, across the last two de-
cades, older children and adolescents in Germany de-
creased outdoor play: Between 2003 and 2006, 62% of
children (11-13 years) and 37.2% of adolescents (14—17
years) engaged in more than three days outdoor play per
week, however, between 2014 and 2017, this decreased
to 50.1% and 14.6%, respectively, with similar trends for
boys and girls [16], whereas outdoor play remained
stable in children between four and ten years with

Page 2 of 12

79.8%—-91.2% engaging in outdoor play on more than
three days per week [16]. Thus, although the highest
outdoor play levels are observed in children up to 10
years, the data shows that outdoor play is still salient in
older children and adolescents [16].

As outdoor play is understood as a behavior that in-
cludes activity [12], several studies investigated relation-
ships between acute sedentary behavior, physical activity,
and outdoor play. A meta-analysis of mostly cross-
sectional studies revealed that children (two to five
years) in childcare centers spent 44% of outdoor play
time in total physical activity, but only 14% in moderate-
to-vigorous physical activity, whereas 53% of outdoor
play time was sedentary based on accelerometer meas-
urement [17]. Other studies investigated associations be-
tween habitual physical activity, sedentary behavior, and
outdoor play. A recent systematic review about corre-
lates of outdoor play in children between three and 12
years supported positive associations between outdoor
play and physical activity, while there was largely no re-
lationship observed between screen time or screen ex-
posure as a proxy for sedentary behavior and outdoor
play [18]. Again, most of the studies were cross-sectional
and most of the studies looked at children in preschool
age [18]. Fewer studies investigated associations between
habitual outdoor play, moderate-to-vigorous physical ac-
tivity, and sedentary behavior in older children: In 11-
year-old children, high levels of outdoor play were asso-
ciated with more moderate-to-vigorous physical activity
and less sedentary behavior on weekend days for boys
and girls, while on weekdays, these associations were
only observed for boys [19]. In another cross-sectional
study with six-to-13 year-olds, engaging in outdoor play
on one or more days per week was associated with a
23-62 min increase in moderate-to-vigorous physical ac-
tivity in boys, while those associations were not observed
for girls [20]. A long-term follow-up study investigated
participation in outdoor play in ten-year-old children
and sports and physical activity participation at the age
of 42 years, showing that outdoor play was not predictive
of physical activity in adulthood [21]. However, this
study did not investigate longitudinal associations across
the developmentally important period of childhood and
adolescence.

In summary, several studies have shown a positive re-
lationship between acute and habitual outdoor play and
physical activity cross-sectionally, with most investiga-
tions targeting children in the elementary school age,
while there is little known about the relationship be-
tween outdoor play and sedentary behavior. Thus, there
are research gaps regarding 1) associations between out-
door play, sedentary behavior, and physical activity, and
in a broad age range of children and adolescents, and 2)
longitudinal  associations between outdoor play,
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sedentary behavior, and physical activity across child-
hood and adolescence.

The aim is to address those research gaps with two
studies. To address the first research gap, Study 1
aims to investigate relationships between outdoor play
and  accelerometer-assessed  moderate-to-vigorous
physical activity and sedentary behavior in a cross-
sectional sample of children and adolescents between
six and 17 years. Study 2 aims to address the second
research gap by investigating prospective associations
with outdoor play and self-reported moderate-to-
vigorous physical activity and screen-time sedentary
behavior in a sample of children with three measure-
ment timepoints across 11 years. The different meas-
urement instruments are due to the fact that
accelerometer data were not available at the first two
measurement time points.

The STROBE statement [22] guided the reporting of
this study.

Methods

Study 1

Procedures

Data were obtained from the Motorik-Modul (MoMo)
study, an in-depth cohort study [23] within the German
Health Interview and Examination Survey for Children
and Adolescent (KiGGS) conducted by the Robert Koch
Institute [24]. For the current study, three measurement
timepoints were used: Baseline data (T1) were collected
from 2003 to 2006, the first follow-up was from 2009 to
2012 (T2), and the second follow-up from 2015 to 2017
(T3) [23]. At all measurement timepoints, data was col-
lected across the whole year. Study participants were se-
lected based on a multi-stage sampling approach with
two evaluation levels [25]: First, a systematic sample of
167 primary sampling units was selected from an inven-
tory of German communities and stratified according
to the level of urbanization and geographic distribution.
Second, based on the official registers of local residents,
an age-stratified sample of randomly selected children
and adolescents was drawn. Participation in the study
was voluntary. Participants and their parents were in-
formed about the study’s aims, contents, and data pro-
tection, and gave written consent. At all measurement
time points, parents and children were invited to exam-
ination rooms within proximity to their homes for data
collection. For children younger than 11 years, parents
completed the questionnaires.

The study was conducted according to the Declaration
of Helsinki. Ethics approval was obtained by the Charité
Universitdtsmedizin Berlin (T1), the University of Kon-
stanz (T2), and the Karlsruhe Institute of Technology
(T3).
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Participants

For Study 1, only data from MoMo T3 were utilized as
this was the only occasion where accelerometer-
measured sedentary behavior and moderate-to-
vigorous physical activity were available. To be eligible
for Study 1, participants had to be part of MoMo T3,
younger than 18 years, and participate in the acceler-
ometer measurement. In MoMo T3, 4569 youth be-
tween six and 17 years participated. A total of 2734
participants agreed to wear an accelerometer. Of those,
465 datasets were not considered as valid (see mea-
sures section), resulting in 2278 study completers
(52.9% female, mean age 12.52 years [SD =3.30], 73.7%
normal weight and 17% overweight or obese, 64.5%
middle and 28.0% high socio-economic status; see
Table 1). Study completers were slightly younger and
more likely to be female and have a normal weight.
Detailed information about the differences between
study completers and non-completers can be found in
the Additional File (Al).

Measures

Socio-demographic variables and weight status Vari-
ables assessed included age, sex (male/female), socio-
economic status, and weight status. The socio-economic
status is a multidimensional score that is created based
on information of both parents regarding education, oc-
cupational status, and net income. For children with sep-
arated parents, the socio-economic status of the parent
they live with was used [26]. Participants who are in the
first quintile of the score are categorized as participants
with low socio-economic status, participants in the sec-
ond to the fourth quintile are categorized as middle
socio-economic status, and participants in the fifth

Table 1 Socio-demographic characteristics and weight status of
participants in Study 1 (N=2278)

% N % missing
Sex 0.0
Female 529 1206
Male 471 1072
BMmI 34
Underweight 93 204
Normal weight 73.7 1622
Overweight 13.2 290
Obese 38 84
Socio-economic status 04
Low 7.5 170
Middle 64.5 1462
High 280 636

Abbreviation: BMI = body-mass-index
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quintile as high socio-economic status [26]. Height
and weight were assessed by trained staff and BMI
categories were established based on the cut-off
points of the International Obesity Task Force [27].

Physical activity and sedentary behavior Accelerom-
eter use in this study is described somewhere else in de-
tail [28]. Cross-sectional participants aged six to 17 years
of MoMo T3 were asked to wear an accelerometer
(ActiGraph GT3x + or ActiGraph wGT3X-BT) for seven
consecutive days. Participants were instructed to place
the accelerometer laterally on top of the right anterior
superior iliac spine and to wear it during waking hours.
Data was sampled using a frequency of 30 Hz. Down-
loaded data were converted into one-second-epochs and
re-integrated into 15-s-epochs. Based on the Choi algo-
rithm [29], non-wear time was defined as 90 min without
consecutive zero/non-zero counts. To detect artificial
movements, two-minute intervals of non-zero counts
with the up-/downstream 30-min consecutive zero
count windows were allowed [29]. To be considered as a
valid dataset, participants had to wear the device more
than eight hours on at least four weekdays and one
weekend day. To determine moderate-to-vigorous phys-
ical activity and sedentary behavior, two cut-off point
systems were applied that are commonly used for the
specific age groups six to nine years [30] and for 10 to
17 years [31].

Outdoor play Participants reported how many mi-
nutes a day they spent playing outdoors, such as play-
ing tag or rope skipping. Minutes were then recoded
into hours per day and based on the results of a fre-
quency analysis and a previous study [19], three out-
door play categories were established: <1h (low
outdoor play), 1-2h (medium outdoor play), and>2h
(high outdoor play).

Statistical analysis

We examined metric variables regarding normal distri-
bution. Skewness values >2 and kurtosis values > 7 were
considered as substantial deviation of normality [32]. To
assess retention bias, we compared study completers to
dropouts using chi-square and independent sample t-
test. Outliers were defined as values with plus/minus
three standard deviations around the mean [33]. Analysis
was conducted with and without outliers. Significance
was set to P < 0.05.

In multiple linear regression models, outdoor play was
entered as predictor of accelerometer-measured seden-
tary behavior and moderate-to-vigorous physical activity.
As only 1.35% of the included variables had missing
data, and this appeared at random, and to use the data
that was available, we applied pairwise deletion in the
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regression model. To set up the regression models, first,
we assessed multicollinearity through Pearson correl-
ation analysis [34]. Second, we visually examined re-
sidual scatterplots to examine homoscedasticity [34].
Third, we conducted multiple linear regression analysis
with outdoor play predicting sedentary behavior and
moderate-to-vigorous physical activity in SPSS (version
26). Models were adjusted for sex, age, BMI, and socio-
economic status. Fourth, we tested interactions between
outdoor play and age due to the wide age range in our
study (six to 17 years) and interactions between outdoor
play and sex as previous studies indicated differences be-
tween boys and girls regarding associations between out-
door play, moderate-to-vigorous physical activity, and
sedentary behavior [18-20]. Interactions were tested
using PROCESS 3.4 in SPSS [35].

Study 2

Procedures

The participants of Study 2 participated in all three
measurement timepoints (T1-T3). The same procedures
as described in Study 1 were implemented at all three
measurement time points.

Participants

For Study 2, participants had to be younger than 18
years at T3 and have participated in all three measure-
ment occasions. A total of 1484 children at T1 were eli-
gible for our analysis, 914 dropped out (reasons
unknown due to data protection regulations), resulting
in 570 participants (54.7% female; 78.3% normal weight
and 9.7% overweight or obese; 62.2% middle and 29.9%
high socio-economic status; see Table 2; mean age in
years: T1: 5.31 [SD=0.80]; T2: 11.58 [SD =0.85]; T3:
16.54 [SD=0.83]). Study completers were slightly

Table 2 Socio-demographic characteristics and weight status of
participants in Study 2 at baseline (N=570)

% N % missing
Sex 0.0
Female 547 312
Male 453 258
BMmI 04
Underweight 120 68
Normal 783 445
Overweight 83 47
Obese 14 8
Socio-economic status 0.2
Low 79 45
Middle 62.2 354
High 299 170

Abbreviation: BMI = body-mass-index
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younger, more likely to be female, more likely to have a
high socio-economic status, and less likely to be obese.
A detailed description of the differences between study
completer and non-completers is available in the Add-
itional File (A3).

Measures

Socio-demographic variables and weight status The
same variables as described in Study 1 were assessed in
Study 2 at baseline (T1).

Physical activity Moderate-to-vigorous physical activity
was assessed based on the moderate-to-vigorous physical
activity index (reported minutes/week) of the MoMo
physical activity questionnaire, including school, leisure,
and sports clubs moderate-to-vigorous physical activity
[16]. It has shown acceptable validity and one-week test-
retest reliability (/CC = 0.68) [36].

Screen-time sedentary behavior Participants reported
their screen-time sedentary behavior (TV/video watch-
ing and PC/Gaming time) in minutes per day. Screen-
time sedentary behavior has similar directions with
health outcomes as direct sedentary behavior measures
[37]. Due to previous results [38], we investigated TV
watching and PC/Gaming behavior separately, reported
as minutes per day. Similar items were used in another
study, which reported acceptable reliability and validity
for those items (ICC = 0.60-0.75; K = 0.54—-0.69) [39].

Outdoor play Outdoor play was assessed as the number
of days with outdoor play, such as playing tag or rope
skipping, in a typical week. Participants reported how
many days they spent usually playing outside during the
week. Response options ranged from 0: “Never” to 7:
“daily”. In contrast to Study 1, we could not conduct an
analysis based on hours/day as this was not assessed at
all three occasions.

Statistical analysis
We examined metric variables regarding normal distri-
bution. Skewness values >2 and kurtosis values > 7 were
considered as substantial deviation of normality [32],
with variables demonstrating this deviation being trans-
formed [34]. To assess retention bias, we compared
study completers to dropouts using chi-square and inde-
pendent sample t-test. Outliers were defined as values
with plus/minus three standard deviations around the
mean [33]. Analysis was conducted with and without
them. Significance was set to P < 0.05.

We used a cross-lag panel design to examine longitu-
dinal associations between the variables of interest [40].
The path panel prediction model was set up using
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AMOS version 25 with T1, T2, and T3 variables of TV
watching and PC/Gaming as screen-time sedentary be-
haviors, moderate-to-vigorous physical activity, and out-
door play. Stability coefficients were added between
same behaviors and cross-lags between different behav-
iors to obtain a comprehensive picture. However, the
cross-lags between moderate-to-vigorous physical activ-
ity and screen-time sedentary behaviors have already
been reported elsewhere [5], thus, the focus in this study
was on the relations between outdoor play, screen-time
sedentary behavior, and moderate-to-vigorous physical
activity. On average, only 1.94% of the included variables
had missing data (see Table 6). To handle missing data,
full information maximum likelihood (FIML) was ap-
plied in AMOS which shows accurate parameter esti-
mates and fit indices with up to 25% missing data [41].
Model fit was evaluated using the comparative fit index
(CFL; values 20.90 indicating a good fit), and the root
mean square error of approximation (RMSEA; values
<0.05 indicating a good model fit) [42]. Due to previous
results about differences between boys and girls regard-
ing associations between outdoor play, moderate-to-
vigorous physical activity, and sedentary behavior [18,
19], we ran the analysis again separately for males and
females.

Results

Study 1

Participants engaged on average in 554.72 [SD =122.73]
minutes sedentary behavior and 51.16 [SD =23.58] mi-
nutes moderate-to-vigorous physical activity per day. Of
the participants, 39.9%, 33.2%, and 26.9% showed low,
medium, and high levels of outdoor play, respectively
(see Table 3).

Correlation results revealed no multicollinearity prob-
lems. By visual examination, homoscedasticity was con-
firmed. Results remained similar when outliers were
excluded for both analyses, thus we kept outliers in the
final models.

The adjusted model explained 63% of variance in sed-
entary behavior (R?=0.63; F [9;2094] =393.31; P<
0.001). The model showed that 1-2h outdoor play was
related to 9.75 min and > 2 h outdoor play was related to
17.78 min less sedentary behavior a day compared to < 1
h of outdoor play (see Table 4). With each year older,
daily sedentary behavior increased by 28.32 min. Females
engaged in 18.06 min more sedentary behavior than
boys. No statistically significant interactions between
outdoor play and sex or outdoor play and age were ob-
served (see Additional File A2).

The adjusted model explained 29% of the variance in
moderate-to-vigorous physical activity (R*=0.29; F [9;
2094] =93.21; P<0.001). The model showed that >2h
outdoor play was associated with 3.87 min more
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Table 3 Descriptive statistics of the study variables in Study 1 (N =2278)

M SD N %missing
Sedentary behavior (min/day) 554.72 122.73 2278 0.0
Moderate-to-vigorous physical activity (min/day) 51.16 2358 2278 0.0
Outdoor play 2180 43

Low (< 1hday)
Medium (1-2 h/day)
High (=2 h/day)

870 (39.9%)
723 (33.2%)
587 (26.9%)

Abbreviations: M = mean, SD = standard deviation, min = minutes

moderate-to-vigorous physical activity per day (see
Table 5). With each one-year older, children had lower
moderate-to-vigorous physical activity by 3.08 min. Fe-
males had 10.85 min less moderate-to-vigorous physical
activity than boys. Children with overweight engaged in
2.96 min less and children with obesity in 5.31 min less
moderate-to-vigorous physical activity daily compared to
children with normal weight. Children with a high

socio-economic status engaged in 3.62min more
moderate-to-vigorous physical activity than children
with a low socio-economic status. Outdoor play and sex
interacted (P<0.05), indicating that males increased
their moderate-to-vigorous physical activity when en-
gaging in outdoor play, while females stayed constant.
Also, outdoor play and age interacted (P < 0.05), indicat-
ing that until around 15 years, outdoor play engagement

Table 4 Study 1 — Multiple linear regression model predicting sedentary behavior (minutes/day)

Unstandardized beta Standard Error Standardized P 95%-Cl
beta
Model 1

Intercept 611.19 384 <0.001 603.66; 618.72
Outdoor play

Low (< Thday) 0 (Ref)

Medium (1-2 h/day) —-81.37 5.70 -0.31 <0.001 —92.55; =70.19

High (=2 h/day) -109.48 6.05 -0.40 <0.001 —121.35; - 9761

Model 2

Intercept 199.07 10.56 <0.001 178.36; 219.78
Outdoor play

Low (< 1hday) 0 (Ref)

Medium (1-2 h/day) -9.75 4.10 -0.04 0017 -17.78;, —=1.72

High (=2 h/day) -17.78 4.50 -0.06 <0.001 —26.60; —8.97
Age (years) 2832 0.55 0.76 <0.001 27.24; 29.40

Sex

Male 0 (Ref)

Female 18.06 331 0.07 < 0.001 11.56; 24.56
BMI

Normal weight 0 (Ref)

Underweight 2.95 5.72 0.01 0.606 -8.27; 1417

Overweight —4.87 493 —0.01 0.323 —14.52; 480

Obese -832 8.64 —-0.01 0.336 —25.25; 8.62
Socio-economic status

Low 0 (Ref)

Middle -0.78 6.35 —0.003 0.902 —13.24; 11.68

High 2.28 6.86 0.01 0.740 -11.16; 15.72

Model 1: Unadjusted model; Model 2: Adjusted model with the socio-demographic predictors age, sex, BMI, and socio-economic status. Abbreviations: Cl =

confidence interval; BMI = body mass index
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Table 5 Study 1 — Multiple linear regression model predicting moderate-to-vigorous physical activity (minutes/day)
Unstandardized beta Standard Error Standardized P 95%-Cl
beta
Model 1
Intercept 43.95 0.77 <0.001 4244; 4546
Outdoor play
Low (< 1hday) 0 (Ref)
Medium (1-2 h/day) 9.81 1.14 0.20 <0.001 7.56; 12.06
High (=2 h/day) 14.70 1.22 0.27 <0.001 12.32; 17.09
Model 2
Intercept 93.07 2381 <0.001 87.55; 98.59
Outdoor play
Low (< 1hday) 0 (Ref)
Medium (1-2 h/day) 0.85 1.09 0.02 0434 —1.29; 2.99
High (=2 h/day) 3.87 1.20 0.07 0.001 1.53;6.22
Age (years) -3.08 0.15 -043 <0.001 -3.37;, =279
Sex
Male 0 (Ref)
Female -10.85 0.88 -0.23 <0.001 —1258; -9.11
BMI
Normal weight 0 (Ref)
Underweight -0.50 1.52 -0.01 0.744 —349; 249
Overweight -2.96 1.31 -0.04 0.024 —553; -0.38
Obese =531 2.30 -0.04 0.021 -9.82; -0.80
Socio-economic status
Low 0 (Ref)
Middle 1.10 1.69 0.02 0514 —2.22; 442
High 3.62 1.83 0.07 0.047 0.04; 7.20

Model 1: Unadjusted model; Model 2: Adjusted model with the socio-demographic predictors age, sex, BMI, and socio-economic status. Abbreviations: Cl =

confidence interval; BMI = body mass index

was associated with higher moderate-to-vigorous phys-
ical activity, but not in 16- and 17-year-olds (see Add-
itional File, A2).

Study 2

Participants engaged in 142.09 [SD =119.24] minutes
moderate-to-vigorous physical activity per week at T1,
which increased to 304.82 [SD =182.22] minutes per
week at T2, before dropping to 262.74 [SD =208.60]
minutes per week at T3. TV watching consistently in-
creased from 54.77 [SD =37.96] minutes per day at
T1 to 127.49 [SD = 89.25] minutes per day at T3. PC/
Gaming increased from 5.77 [SD = 14.09] minutes per
day at T1 to 187.42 [SD =137.94] minutes per day at
T3. Outdoor play decreased from 5.93 [SD =1.43]
days per week at T1 to 1.14 [SD=1.85] days per
week at T3 (see Table 6).

As PC/Gamingr;, PC/Gamingr,, and moderate-to-
vigorous physical activityr, showed skewness or kurtosis
values above the accepted range, we used square-root
transformation to normalize the data [34]. We ran the
analysis with outliers excluded which did not change the
results, thus, they were included in the final model.

The path prediction model showed a good model fit
(CFI=0.949; RMSEA =0.047 [CI-90% = 0.029—-0.065]).
We only report the results P < 0.05 as standardized esti-
mates (see Fig. 1), all estimates are reported in the Add-
itional file (A4). For screen-time sedentary behavior and
outdoor play, stability coefficients were stronger from
early to later childhood, whereas moderate-to-vigorous
physical activity was stronger from later childhood to
adolescence (see Fig. 1). Regarding the cross-behavior
relationships, prospective associations were stronger be-
tween early and later childhood: outdoor playt; nega-
tively predicted PC/Gamingr, (standardized estimate =
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Table 6 Descriptive statistics of the study variables in Study 2 (N =570)

M SD N %missing
Moderate-to-vigorous physical activity T1 (min/week) 142.09 119.24 570 0.0
Outdoor play T1 (days/week) 593 143 556 24
TV/Video watching T1 (min/day) 5477 37.96 568 03
PC/Gaming time T1 (min/day) 577 14.09 556 24
Moderate-to-vigorous physical activity T2 (min/week) 304.82 183.22 570 0.0
Outdoor play T2 (days/week) 442 214 566 0.7
TV/Video watching T2 (min/day) 69.52 56.38 564 1.1
PC/Gaming timeT2 (min/day) 60.43 62.13 560 1.7
Moderate-to-vigorous physical activity T3 (min/week) 262.74 208.60 560 1.7
Outdoor play T3 (days/week) 1.14 1.65 513 100
TV/Video watching T3 (min/day) 12749 89.25 565 09
PC/Gaming timeT3 (min/day) 18742 137.94 558 2.1

Abbreviations: M = mean, SD = standard deviation, min = minutes

-0.13; P<0.001). TVy; positively predicted PC/
Gamingr, (standardized estimate = 0.013; P < 0.001). PC/
Gamingr; positively predicted TV, (standardized esti-
mate = 0.09; P=0.004) and moderate-to-vigorous phys-
ical activityr, (standardized estimate =0.11; P =0.010).
From childhood to adolescence, only TV, positively
predicted PC/Gamingrs (standardized estimate = 0.25;
P <0.001). The model explained 12.9% of the variance in
TV, 11.8% in PC/Gamingr,, 5.5% in moderate-to-
vigorous physical activityrs, 2.7% in TVrs3, 8.7% in PC/
Gamingrs, and 6.6% in moderate-to-vigorous physical
activityrs. We re-ran the analysis separately for males
and females, with the results being the same for boys
and girls, thus, only the overall model is reported.

Discussion

The aim of this study was to investigate cross-sectional
and prospective associations between outdoor play, sed-
entary behavior (screen-time), and moderate-to-vigorous
physical activity.

Study 1 showed that engagement in outdoor play was
associated with lower accelerometer-measured sedentary
behavior, which is supported by previous findings that
used device-based assessment of sedentary behavior [19].
Regarding socio-demographic predictors, older age was
the strongest predictor of sedentary behavior among
youth. In our sample, each one-year increase in age was
associated with about half an hour-increase in sedentary
behavior per day. A similar strong result has been

19 24
MVPA T1 > MVPA T2 > MVPA T3
11
24 .09 .
PC/Gaming T1 » PC/Gaming T2 PC/Gaming T3
13
25
-13
.09
TVT1 TV T2 > TV T3
25 19
OPT1 OP T2 > OP T3
Fig. 1 Study 2 — Cross-lag panel model between outdoor play, screen-time sedentary behavior, and moderate-to-vigorous physical activity. OP =
outdoor play, MVPA = moderate to vigorous physical activity. Please note: Only associations P < 0.05 are reported in the figure. All coefficients are
standardized estimates
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observed in a previous study with nine- to 11-year-old
children, with a one-year increase being associated with a
26-min increase in sedentary behavior per day [43]. Also,
other studies have consistently reported positive associa-
tions between sedentary behavior and children’s age [9,
44]. The strong increase in sedentary behavior may be ex-
plained via more study time in higher school grades [45],
more sedentary behavior in school [46], as well as more
leisure-time engagement in screen-time behaviors such as
gaming and recreational internet use [11]. Also, our re-
sults indicate that girls spend more time in sedentary be-
havior than boys, which is in line with previous findings
[47]. A reason for this could be that girls engage in various
types of sedentary behavior that go beyond screen-time
sedentary behavior, such as homework and talking on the
phone whilst being similar to boys in screen-time seden-
tary behavior [48], resulting in more total sedentary be-
havior. Interestingly, in contrast to physical activity, there
was no interaction observed with age, which means that at
any age between six and 17 years, more outdoor play is as-
sociated with lower sedentary behavior. A reason for this
could be that older children and adolescents still engage
in active types of outdoor play, which may not be intense
enough to translate into moderate-to-vigorous physical
activity, but still be more active than sedentary behavior
(e.g., playing at a swimming pool, meeting for a round of
badminton).

Regarding moderate-to-vigorous physical activity, hav-
ing a normal weight and a high socio-economic status
were positively related to moderate-to-vigorous physical
activity, whereas being a girl was negatively related to
moderate-to-vigorous physical activity, which is in line
with previous findings [49, 50]. The gender gap observed
in physical activity in our data is comparable to other
high-income Western countries in Europe [51]. The rea-
sons why girls have lower physical activity levels in general
are complex, including less enjoyment and confidence in
their sporting abilities, gender norms [52], stronger per-
ceived physical activity barriers in girls, such as lack of
time, social influence, and willpower [53], as well as lim-
ited independent mobility of girls compared to boys [54].
Engagement in >2h of outdoor play was associated with
increased moderate-to-vigorous physical activity, with this
relationship being moderated by sex, showing that more
outdoor play is only related to more moderate-to-vigorous
physical activity in boys. This is similar to findings in pre-
vious studies, showing that outdoor play is mostly unre-
lated to moderate-to-vigorous physical activity in girls [19,
20]. One explanation could be that girls in Germany en-
gage in less active types of outdoor play than boys [55],
which might result in lower activity intensities that do not
add to moderate-to-vigorous physical activity. Another
reason could be that boys across countries are allowed to
play outdoors with less supervision and with a larger
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spatial range from the residential home [56], resulting in
more outdoor play opportunities.

The association between outdoor play and moderate-to-
vigorous physical activity was also moderated by age, indi-
cating that outdoor play was only related to increased
moderate-to-vigorous physical activity until around 15
years. One reason could be that children engage in more
intense types of outdoor play, such as rope skipping, run-
ning around in the garden, or playing games such as tag
with other children. In contrast, adolescents may engage
in less intense types of outdoor play, such as passing a ball
to each other. However, to investigate the underlying
mechanisms for this interaction, a more specific analysis
of outdoor play would be necessary to investigate in which
types of outdoor play children and adolescents engage at
which age and how the different types relate to moderate-
to-vigorous physical activity [18].

Study 2 revealed that outdoor play predicts PC/Gaming
as one type of screen-time sedentary behavior from early
to later childhood, but not TV watching or moderate-to-
vigorous physical activity. No other longitudinal studies
were found that investigated outdoor play, and screen-
time sedentary behavior across childhood and adoles-
cence, while cross-sectional findings to date showed
largely no relationship between screen time or exposure
and outdoor play [18]. A reason why outdoor play nega-
tively predicts PC/Gaming but not TV watching could be
that outdoor play is an active behavior [12], while PC/
Gaming has also been categorized as an active (sedentary)
behavior as it requires mentally active engagement [57].
Contrary, TV watching is categorized as a passive seden-
tary behavior [57]. Thus, if children develop outdoor play
as an active behavior in young childhood, they might be-
come less involved in screen-based active behaviors in
later childhood, while TV watching as a passive behavior
seems to be independent of outdoor play. Hence, outdoor
play may be a leisure pursuit that can replace computer
and gaming time. When considering outdoor play as a re-
placement for sedentary behavior, it would be valuable to
investigate the type of outdoor play that can replace sed-
entary behavior in the future. This is especially relevant as
replacing sedentary time with some physical activity, in-
cluding light-intensity physical activity as we may see in
older children’s and adolescent’s outdoor play, show favor-
able associations with cardiometabolic risk factors, such as
waist circumference [58], as well as with mental health
outcomes [59]. No prospective relationship was found be-
tween outdoor play and PC/Gaming from late childhood
to adolescence. Although the stability coefficient indicated
that children’s outdoor play behavior tracks to adoles-
cence, outdoor play decreases in general with age. Thus,
in adolescence, outdoor play might be independent of sed-
entary behavior and moderate-to-vigorous physical
activity.
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Regarding outdoor play and moderate-to-vigorous
physical activity, we are not aware of another study that
investigated prospective relationships between the two
behaviors during childhood and adolescence. A long-
term follow-up study that investigated relationships be-
tween childhood outdoor play and sports or physical ac-
tivity participation in adulthood supports the results of
this study [21]. Outdoor play consists of various activ-
ities, however not every activity is conducted with a
health-enhancing intensity. In fact, one analysis showed
that preschool children spent about half of their outdoor
play in physical activity, but only 14% in moderate-to-
vigorous physical activity [17], indicating that outdoor
play rather relates to light intensity physical activity. An-
other reason could be that outdoor play and moderate-
to-vigorous physical activity should be assessed more
specifically as they both comprise various activities.

As stated, all cross-lags not related to outdoor play
have already been investigated in this sample, thus, we
refer to Nigg et al. [5] for a discussion of those results.

Considering results of Study 1 and Study 2, both studies
support a relationship between outdoor play and sedentary
behavior (screen-time) and that this relationship is present
for boys and girls. Hence, outdoor play may be a behavior
across the developmental stage of childhood and adoles-
cence that has the potential to replace sedentary behavior
and thus promote both physical and mental health in chil-
dren and adolescents [58, 59]. Regarding moderate-to-
vigorous physical activity, Study 1 and Study 2 had incon-
sistent results: While Study 1 supported a relationship be-
tween outdoor play and moderate-to-vigorous physical
activity, no longitudinal associations were observed in Study
2. A reason for this could be the focus on sports-related
moderate-to-vigorous physical activity in the self-reported
data, which neglects moderate-to-vigorous physical activity
in daily life (Study 2), while daily life moderate-to-vigorous
physical activity is captured through accelerometer-
measurement, which might be more relevant for outdoor
play (Study 1). Another reason could be that the assessment
of outdoor play in days per week (Study 2) is not sensitive
enough to detect associations compared to hours per day
(Study 1). Thus, future studies should investigate longitu-
dinal associations between the three behaviors using more
fine-grained outdoor play operationalization and device-
based assessment of moderate-to-vigorous physical activity
and sedentary behavior.

Limitations and strengths

There are some limitations to be considered. In Study 2,
data is based on self-report. Temporal order of variables
could be established but not causality [34, 40] and the
duration between assessments was long. Only PC/Gam-
ing time along with TV watching were assessed for sed-
entary behavior, not accounting for other non-screen-
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based sedentary behavior, e.g., homework or reading.
For both Study 1 and Study 2, assessment for one meas-
urement timepoint across the whole year, which may
lead to seasonality effects; however, the MoMo physical
activity questionnaire specifically asks for activity types
across all months to counteract those effects. Finally, dif-
ferences between study completers and non-completers
may have influenced the associations investigated.

Nonetheless, to our best knowledge, this is one of
the first studies that investigated prospective associa-
tions between children’s and adolescent’s outdoor
play, sedentary behavior and moderate-to-vigorous
physical across more than a decade. This allowed to
explore potential relationships regarding the temporal
order of the variables, as to date, mostly cross-
sectional studies are available [60]. Also, to our best
knowledge, no studies explored the relationship be-
tween outdoor play and accelerometer-measured
moderate-to-vigorous physical activity and sedentary
behavior in a large sample of children and adolescents
in Germany across a broad age range, with this stud-
ies’ results mirroring results from previous studies in
other countries [19, 21, 60].

Conclusion

Outdoor play during early childhood negatively pre-
dicted PC/Gaming time in later childhood, while there
was no longitudinal association with moderate-to-
vigorous physical activity. Results of the cross-sectional
analysis indicated that engagement in outdoor play was
related to lower sedentary behavior independent of
socio-demographic  characteristics, =~ whereas  for
moderate-to-vigorous physical activity, the relationship
was dependent on sex and age. Practically speaking, in-
creasing outdoor play time in preschool children might
be one way to prevent PC/Gaming time in later child-
hood. Thus, early childhood settings should provide out-
door play opportunities. Future research should
investigate prospective relationships between the three
behaviors using device-based assessments, with a special
focus on investigating which types of outdoor play are
relevant to replace sedentary behavior and promote
physical activity.
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