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Abstract

Background: Overweight and low levels of physical activity (PA) in preschoolers are major public health concerns.
However, to date only few studies have investigated subjective and objective correlates of PA across different
socioecological domains in preschoolers. We therefore simultaneously investigate associations between
preschoolers’ objectively measured leisure-time PA and a comprehensive set of subjective and objective

potential PA correlates across the behavioral, social and physical environmental domains on both family- and
community-level.

Methods: In this cross-sectional study time spent in moderate-to-vigorous PA (MVPA) and total PA (TPA) were
measured by combined accelerometry and heart rate monitoring in 735 3-6 year-old children from 52 preschools
in Southern Germany. Family- and community-level potential correlates of PA from different domains (behavioral,
social and physical environmental) were subjectively (i.e. by parent proxy-report) and objectively assessed. Their
associations with PA on weekend days and weekday afternoons were tested by covariate-adjusted multilevel
regression models.

Results: While none of the objective social and physical environmental factors showed associations with PA,
subjective parental traffic safety perceptions were positively associated with MVPA and TPA on weekends. Also,
preschoolers’ participation in organized sports was positively correlated with MVPA (on weekends) and TPA (both
on weekends and weekday afternoons).

Conclusion: Subjective traffic safety perceptions and participation in organized sports, an indicator and a result
of parental support towards PA — i.e. subjective parental perceptions of environmental factors and family-level
correlates which are more proximal to preschoolers - might be more central to PA in preschool age than
objectively assessed community-level environmental features which tend to be more distal correlates. If replicable,
targeting parental perceptions of environmental factors and parental support for PA in preschool age might be
powerful leverages for public health policy.

Keywords: Physical activity, Family-level correlates, Community-level correlates, Physical environment, Built
environment, Social environment, Preschoolers, Accelerometry, Heart rate monitoring
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Background

Childhood overweight is a major public health concern
that affects approximately 20% of children in Europe [1,
2]. Adverse health effects of childhood overweight and
obesity include cardiovascular, metabolic and psycho-
social health problems [3—8]. In the past, efforts to pre-
vent childhood obesity have mainly focused on
individual-level behavior change, with limited effects [9].
Therefore, child health promotion has recently broad-
ened its focus to social and physical environmental po-
tential correlates of obesity [9-11].

Insufficient physical activity (PA), a key determinant of
childhood obesity, is widespread among preschoolers
[12], with adverse PA behaviors tracking from early
childhood to adulthood [13, 14]. Therefore, evidence-
informed PA promotion based on detailed knowledge
about PA correlates in preschool age is paramount.

While there is a large body of literature on correlates
of PA in older children and adolescents [15-19], only a
limited number of predominantly cross-sectional studies
with often small sample sizes is available for preschool
age [20] (with [21] (n = 2173) [22] (n = 1248) being not-
able exceptions). To date systematic reviews have only
been able to identify a very limited number of consistent
associations between PA and its correlates in this age
group (e.g. obese parents, preschool location) [20, 23, 24].
In addition, only a few longitudinal studies have investi-
gated determinants of PA in preschoolers so far [25].
These studies mainly used small convenience samples
restricting external validity and predominantely assessed a
limited number of potential PA correlates (e.g. gender,
age, season, parental behaviors) [26-28].

Taken together, our understanding of the complex as-
sociations between preschoolers’ PA and its potential
correlates is still hampered. Three analytical approaches
have been called for that might move the field ahead:
Firstly, the socioecological framework emphasizing the
multidimensionality of PA correlates has become a well
established theoretical model guiding PA research [29].
Recent studies started to concurrently investigate mul-
tiple relevant variables across the social as well as phys-
ical environmental domains [21, 22, 30]. But more
studies that deliberately include potential correlates
across the whole spectrum of domains in the socioeco-
logical model (i.e. demographic and biological, cognitive
and emotional, behavioral, social and cultural, and phys-
ical environmental) have been called for in a recent
review [24]. Secondly, both the socioecological frame-
work and empirical research emphasize that correlates
of preschoolers’ PA operate at different (hierarchical) levels,
such as the family-level (e.g. parental PA [28, 31, 32]) and
the community-level (e.g. community-level socioeconomic
status (SES) [33]). Therefore, including potential correlates
pertaining to different levels in a simultaneous analysis
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seems important. Thirdly, given the widely found di-
vergence between subjective perceptions and objective
environmental measurements (e.g. regarding traffic in-
security [34]), supplementing survey-based parental en-
vironmental perceptions with objective administrative
routine data presents a unique opportunity to increase
our understanding of PA correlates in preschool age.

The aim of this study was thus to investigate associa-
tions between preschoolers’ accelerometry/heart rate
monitoring-based leisure-time PA and a comprehensive
set of subjective and objective potential PA correlates
across the behavioral, social and physical environmental
domains on both family- and community-level in a large
sample of German preschoolers.

Methods

Setting and participants

In this cross-sectional study (i) family-level (ii)
preschool-level (iii) village/city-level as well as (iv)
county-level data were used, i.e. the data were clustered
at 3 levels. All preschoolers attending the same pre-
school, that lived in the same village/city or the same
county had the same data on all preschool, village/city
and county-level potential correlates, respectively (mean
numbers of preschoolers with the same data for
community-level potential correlates range from 13.9—
29.6, lower bound of ranges: 3, upper bound: 128). A
county in Germany (Kreis) comprises several cities and/
or villages. On average 1.4 preschools were nested in
one village/city (median: 1, range: 1-4) and 3.5 were
nested in a county (median: 2, range: 1-15). Table 1
gives an overview of the levels of measurement of all po-
tential correlates.

Family-level and preschool-level data were based on the
baseline measurements of two concurrently implemented
cluster-randomized controlled trials in 52 preschools in the
German federal state of Baden-Wiirttemberg [35-37]. With
a preschool attendance rate of >90% [38] and study pre-
schools being representative for the German preschool sys-
tem [36], the recruited sample was representative of the
population of preschoolers in Germany. Moreover, 80% of
all eligible children were recruited further strengthening ex-
ternal validity.

All children aged 3-6 years who were enrolled in one
of the 52 preschools were eligible. 1134 were recruited
and participated in the baseline measurements of the
two intervention studies. Informed written consent was
obtained in advance from the parents of all recruited
children. The research was approved by the Ethics Com-
mittee of the Medical Faculty Mannheim, Heidelberg
University (2008-275 N-MA).

The mean age of the preschoolers in our study was
slightly higher than in comparable studies due to differ-
ences in the German preschool system. After daycare
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Table 1 List of potential correlates of moderate-to-vigorous and total physical activity, their measurement properties and
operationalization [12, 26, 28, 31-33, 36, 41, 46, 47, 48, 52, 56, 58, 59, 66—79]
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Potential correlates of MVPA/TPA  Scale levels and ement

Oper Operationalization of latent variables

in previous literature

1Demographic and biological
potential correlates
Age of child [28,66]
Gender [12,26,41,67]
BMI [26,68,69] *
Migration background [47,70]

continuous, in months

dichotomous, reference: male
continuous, in kg/m?

dichotomous, reference: non-migrant

SES [46,71]

If at least a child’s mother or father was
not a German citizen or was not born in
Germany or had a mother tongue other
than German, or a language other than
German was spoken at home, a child
was classified as having a migration
background.

ordinal, 1 = lowest level - 3 = highest level maximum value of (i) the income tertile of

a family and (ii) the highest educational
level of the parents (measured as ISCED
level)

2Behavioral attributes and skills
Participation in organized sports [52,71]ordinal, 1 = never - 4 = >2 hours/week
Screen time [52,71] ordinal, 1 = no screen time - 6 = >3
hours/day

3Social and cultural potential
correlates
Parental leisure-time PA [28,31,32] ©

Parental active transportation
[28,31,32]

Frequency of joint outdoor trips [47,68]
Single parent

ordinal, 1 = < 1/month - 6 = daily
dichotomous, reference: dual parent
Parent at home [71] dichotomous, reference: parents not at
home

Availability of playmates [73,74] dichotomous, reference: playmates not
available

Community-level SES [33] °*3 continuous

ordinal, 1 = lowest level - 7 = highest level

ordinal, 1 = lowest level - 4 = highest level maximum value of (i) frequency of sports Previous studies used various

activities in a gym/sports club, (i) the
amount of PA outside the home and (iii)
PA while working in the garden

subjective (e.g. IPAQ-short) or
objective assessment methods (e.g.
acceleromertry) not available in our
baseline surveys [31,56,58].

solely either mother or father resumed
parental duties in the household

either father or mother (i) worked less
than 40 hours/week, (i) did not work at
all, (iii) was on parental leave or (iv) was
unemployed at the time of the baseline
survey

maximum value of (i) the standardized =~ Neighborhood SES was
proportion of inhabitants having at least a operationalized in a recent study on the
college degree and (i) the standardized association between preschoolers'
average income in the respective county screen time and community-level SES
(INKAR dataset, Cronbach's alpha=0.83, by combining net educational level (the
eigenvalue=2.42, 61% of variance proportion of people with low education
explained). subtracted from the proportion of
people with high education) and
median income besides the proportion
of unemployed [75].

4Physical environmental potential
correlates
Distance to infrastructure [48,59] °
by foot

Playability [32,48,74] ° ordinal, 1=lowest level - 5=highest level

Access to private garden[32] dichotomous, reference: no access to
private garden

dichotomous, reference: no dog in family
dichotomous, reference: parental
perception of traffic insecurity in the
neighborhood

dichotomous, reference: rural
continuous, in %

Dog in family [78]
Parental perception of traffic safety in
the neighborhood [59]

Preschool location [36] *!
Community-level proportion of forest
[74] =

Community-level proportion of
recreational area [74] *?
Community-level proportion of
settlement area [74] *2

Season [72,79] *

continuous, in %
continuous, in %

dichotomous, reference: Oct-Feb

ordinal, 1 = < 5 minutes - 5 = >20 minutes maximum distance from a child’'s home

Previous studies used the density of
playgrounds, i.e. a measure, which is
presumably correlated with the
distance to the nearest playground in
our study, besides other measures (not
available in our dataset) to construct a
moveability index or to measure
accessibility of infrastructure [47,76].
maximum value of (i) possibility to run riotPrevious studies in school children

in the neighborhood, (i) the size of the  used GIS technologies and combined a
house/flat and (iii) possibilities to play in  variety of indicators to assess

the neighborhood playabililty and moveablity at the
neighborhood level (e.g. street
connectivity, density of cul-de-sacs,
developed trails and paths, physical
disorder) not available in our dataset
except for the proportion of parks and
playgrounds and forests (see routine
administrative data below) [76,77].

to (i) the preschool or (i) the nearest
playground as reported by parents

INKAR dataset, assessed at village/city-
level in 2013
INKAR dataset, assessed at village/city -
level in 2013
INKAR dataset, assessed at village/city -
level in 2013

Domain classification was adapted from Sallis et al. [44]. No potential correlates belonging to the domain psychological, cognitive and emotional potential correlates
were assessed in this study. We assessed both family-level (white) and community-level potential correlates (grey) that were measured subjectively (i.e. by parent
proxy-report) or objectively (marked with an asterisk *). Among the community-level potential correlates variables were measured at preschool’, village/city? or
county-level®. As the results of 4-level mixed models did not change qualitatively, we collapsed the preschool, village/city and county-levels into one level, called
community-level in the entire paper. Only 2-level models distinguishing family-level from community-level potential correlates are presented in this paper. Latent

variables are marked with a °.

BMI body mass index, ISCED International Standard Classification of Education, MVPA moderate-to-vigorous physical activity, PA physical activity, SES socioeconomic

status, TPA total physical activity
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(0-3 years) which is attended by approximately a quarter
of children only, kindergarten (3—-6 years) is the main
educational facility in Germany during the early years.
Preschool in the German context is defined as the last
year of kindergarten. It is characterized by exercises inte-
grated into everyday kindergarten practices with only a
minor focus on math and reading compared to other
countries. While our sample was drawn from kindergar-
tens, we used the term preschool in order to comply with
the predominant nomenclature in the PA literature.

Data collection was conducted between September
2008 and March 2009 and comprised individual and
family-level (accelerometry/heart rate data and data on
potential correlates assessed by parent proxy-reports)
as well as preschool-level data (e.g. preschool location).
These data were merged with data on village/city-level
and county-level socioeconomic and built environmental
factors based on official statistics of the federal govern-
ment and provided by the Federal Institute for Research
on Building, Urban Affairs and Spatial Development
(INKAR dataset 2013, http://www.bbsr.bund.de).

When merging child-level data with community-level
potential correlates, the private addresses of children
were approximated by preschool addresses due to the
unavailability of addresses for a majority of preschoolers.
In a subsample of 370 preschoolers for whom individual
addresses were available, the ZIP codes of the pre-
schoolers’ addresses and those of the preschools agreed in
95% of cases. As sensitivity analyses showed qualitatively
comparable results using 4-level models (ie. taking into
account the clustering of the data at 3 levels; results not
shown), we used 2-level models for our analyses, collaps-
ing the preschool, village/city and county-levels into one
level, henceforth called community-level.

Outcomes: Objective moderate-to-vigorous and total
physical activity

Outcomes of the study were time spent in moderate-to-
vigorous PA (MVPA) and total PA (TPA) outside of pre-
school. As previous studies in preschoolers documented
different levels of PA on weekend days versus weekdays
[23, 39-41] with potentially different factors influencing
preschoolers’ PA, we analyzed separate models for week-
ends and weekday afternoons. Preschool characteristics
were shown to be associated with PA during preschool
time [42] suggesting different PA correlates for leisure-
time PA versus PA at preschool. As we specifically
wanted to investigate correlates of leisure-time PA, i.e.
PA outside of the preschool context, we used PA during
weekday afternoons and during weekends as outcomes.
Accordingly, only children that exclusively attended pre-
school during mornings (9 am — 1 pm) were included in
the weekday afternoon sample, comprising the time be-
tween 1 and 9 pm. The weekend sample included
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Saturdays and Sundays from 7 am — 9 pm for all children,
as in Germany children only attend preschools during the
week. Actiheart devices (Actiheart software version
13.1.4., CamNtech, Cambridge, UK) were used for acce-
lerometry and heart rate monitoring for up to six consecu-
tive days including two weekend days (epoch length 15 s,
continuous 24 h recording). Time spent in MVPA was
assessed by combined accelerometry and heart rate moni-
toring using previously validated cut-offs (boys: accelero-
metry >118 counts/15 s and heart rate > 134 beats/min;
girls: accelerometry >105 counts/15 s and heart rate > 138
beats/min) [43]. TPA was assessed by mean accelerometry
counts per 15 s from 1 to 9 pm and 7 am — 9 pm, respec-
tively. Recordings had to last at least 4 h/day to be consi-
dered valid and children had to have recordings for
Saturday and Sunday and at least three weekday after-
noons to be included in the final analyses, respectively.

Potential correlates of physical activity behaviors
Potential correlates of PA (Fig. 1) were identified from
comprehensive literature reviews [20, 23, 44, 45] and
then grouped into four domains of the socioecological
framework presented by Sallis et al. [44]: (1) demo-
graphic and biological, (2) behavioral, (3) social and cul-
tural as well as (4) physical environmental potential
correlates. Psychological, cognitive and emotional poten-
tial correlates (i.e. the fifth domain in the framework of
Sallis et al.) were not available. Potential correlates were
assessed at the family- and community-level and deliber-
ately included both subjectively (parent proxy-report,
e.g. parental perceptions) as well as objectively measured
(i.e. data from routine administrative datasets) potential
correlates (Table 1). Potential correlates were included
in the multilevel models if previous studies had shown
them to be associated with preschoolers’ PA (references
are presented in Table 1). Details (measurement, opera-
tionalization and scale level) on all potential correlates
included in the final models are provided in Table 1. To
reduce the number of potential correlates in the models,
underlying latent variables were identified by corres-
pondence (ordinal variables) and factor analyses using
principal component analysis and applying an orthog-
onal rotation (continuous variables). The operationaliza-
tion of the latent variables was based on previous
research (Table 1). Cronbach’s alpha was calculated to
assess the internal consistency of the extracted continu-
ous latent variable.

Statistical analysis

After descriptive and bivariate analyses, associations bet-
ween potential correlates and objectively assessed MVPA
and TPA on weekdays and weekends were tested by a sin-
gle covariate-adjusted multilevel regression model each.
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1 Demographic and biological potential correlates

= Age of child

= Gender

= BMI

= Migration background

= SES

3 Behavioral attributes and skKills

= Participation in organized sports

= Screen time

4 Social and cultural potential correlates MVPA/TPA

= Parental leisure-time PA

= Parental active transportation Weekends/Weekday

= Frequency of joint outdoor trips afternoons

= Single parent

Availability of playmates

= Community-level SES*

5 Physical environmental potential correlates
= Distance to infrastructure

Playability

Access to private garden

Dog in family

Parental perception of traffic safety in the
neighborhood

Preschool location*

Community-level proportion of forest*
Community-level proportion of recreational area*
Community-level proportion of settlement area*
Season*

status;. TPA, total physical activity

Fig. 1 Potential correlates of moderate-to-vigorous and total physical activity. The subjectively (i.e. by parent proxy-report) or objectively (marked
with an asterisk) assessed variables in the four domains were concurrently tested in multilevel regression models. Both family- (white) and
community-level potential correlates (grey) were included in the analyses. Domain classification was adapted from Sallis et al. [44]. No potential
correlates belonging to the domain psychological, cognitive and emotional potential correlates were assessed in this study. BMI, body mass index;
ISCED, International Standard Classification of Education; MVPA, moderate-to-vigorous physical activity; PA, physical activity; SES, socioeconomic

The four models included all potential correlates and a
random intercept to account for the clustered data struc-
ture (ICC = 0.05 and ICC = 0.07 for MVPA and TPA,
respectively).

Point estimates for the regression models were
expressed in minutes/weekend day and minutes/weekday
afternoon for MVPA and mean counts/15 s for TPA, re-
spectively. Only cases with complete data were considered
in the analyses. Introducing quadratic terms into the
models for the variables age and BMI (to reach an ap-
proximately Gaussian distribution of the residuals) did not
change the results qualitatively (except for BMI being
additionally associated with MVPA and TPA on weekday
afternoons compared to the compact specifications).
Therefore, only models without quadratic terms are pre-
sented in the results section. All statistical analyses were

conducted in 2016 using STATA (version 13, StataCorp,
College Station, United States).

Results

Participants

In our study, 735 and 783 preschoolers (see flow dia-
gram in Fig. 2) from 52 and 50 preschools had complete
data for weekends and weekday afternoons, respectively,
and hence could be included in the multilevel models.
Preschoolers with complete data attending preschool
both during mornings and afternoons (39%) were ex-
cluded from further analyses in the weekday models,
leaving 474 preschoolers in the weekday afternoon
models (Fig. 2). Child and community-level sample cha-
racteristics are presented in Table 2. Mean daily recor-
ding times were 12.68 + 3.01 and 7.42 + 1.29 h for
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Preschoolers recruited for the
intervention studies and participating in
the baseline measurements

n=1134/N=52

Preschoolers with incomplete
data for weekend days

n=399 (35%)

Preschoolers with incomplete
| datafor weekday afternoons

n=351(31%)

v

Preschoolers with complete data for
weekend days

n=735 (65%)/N=52

Preschoolers with complete data for
weekday afternoons

n=783 (69%)/N=50

preschools included in the respective sample/analysis

Preschoolers with complete data
for weekday afternoons that
attended preschools both during
mornings and afternoons

n=309 (39%)

\4

\ 4

Preschoolers with complete data for
weekday afternoons that attended
preschools only during mornings

n=474 (61%)/N=50

Fig. 2 Flow diagram of sample sizes of the multilevel models. n, number of children included in the respective sample/analysis; N, number of

J

weekend days and weekdays, respectively. On average,
children spent 3.9% of the weekend waking time and 4.3%
of weekday afternoons in MVPA. We observed differences
in the mean time spent in MVPA during weekends between
preschoolers included in the final models and those ex-
cluded due to incomplete data (subsample in final models:
32.55 + 20.55 min/weekend day, subsample excluded due
to incomplete data: 26.00 + 21.53 min/weekend day, re-
spectively; p < 0.001). Moreover, differences in the distribu-
tion of several potential correlates were observed between
preschoolers included in the final models and those with
incomplete data (Additional file 1: Table S1).

Multilevel models for moderate-to-vigorous and total
physical activity

The covariate-adjusted multilevel linear regression
models for both weekends and weekday afternoons
showed significant associations between the outcome
variables (MVPA and TPA) and family-level behavioral
correlates as well as subjective parental physical environ-
mental perceptions (Table 3). While certain differences
in relations are evident, the overall pattern of associa-
tions was comparable across MVPA and TPA (Table 3).
In contrast, none of the objective social and physical en-
vironmental variables from the community-level routine
administrative dataset (community-level socioeconomic

status (SES), proportions of forest, recreational area as
well as settlement area) or the preschool location (rural
versus urban) were associated with any of the outcomes
(Table 3).

In the behavioral domain, a child’s participation in orga-
nized sports was positively associated with MVPA on week-
ends (f = 1.99 min/weekend day [95% CI 0.10-3.87]). For
TPA a positive association was documented for both the
weekend (B = 1.68 mean counts/15 s [0.28—3.07]) and the
weekday afternoon sample (B = 2.25 mean counts/15 s
[0.02-4.48]). In addition, MVPA during weekday after-
noons was positively associated with subjective (i.e. parent
proxy-report) screen time (§ = 1.57 min/weekday afternoon
[0.24-2.89]), but no such association was found for any of
the other outcomes (Table 3).

Within the group of family-level social correlates, sub-
jective parental leisure-time PA showed a trend towards
significance for MVPA in the weekend sample
(B = 1.74 min/weekend day [-0.06—-3.55]), but no such
finding was documented for the other models.

Within the family-level physical environmental do-
main, subjective parental perceptions of traffic safety in
the neighborhoods were consistently associated with the
PA outcomes. For weekends, parental perceptions were
positively associated with both MVPA (B = 3.37 min/
weekend day [0.01-6.73]) and TPA (p = 2.44 mean
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Table 2 Distribution of child, family and community characteristics in the weekend and weekday afternoon samples

Weekend day Weekday afternoon
n = 735/N=52 n = 474/N=50
Dependent variables
MVPA, minutes/weekend day or weekday afternoon® 32.55 + 20.55 20.76 £ 12.77
(3.9% of (4,3% of weekday
weekend days) afternoons)
TPA, counts/15 secondsP 31.65 + 13.45 32.40 + 12.67
1 Demographic and biological potential correlates
Age of child, months® 57.76 + 8.73 57.28 +9.02
Female? 365 (49.7) 238 (50.2)
BMI, kg/m?® 15.26 + 1.61 15.19 £ 1.63
Migration background? 238 (32.4) 140 (29.5)
SESa2
1 (= lowest level) 78 (10.6) 38 (8.0)
2 319 (43.4) 210 (44.3)
3 (= highest level) 338 (46.0) 226 (47.7)
2 Behavioral attributes and skills
Participation in organized sports@
Never 223 (30.3) 133 (28.1)
1 hriwk 344 (46.8) 224 (47.3)
> 2 hrs/wk 168 (22.9) 117 (24.7)
Screen time?
< 0.5 hrs/day 301 (40.9) 206 (43.5)
0.5 - 2 hrs/day 409 (55.6) 257 (54.2)
> 2 hrs/day 25 (3.4) 11 (2.3)
3 Social and cultural potential correlates
Parental leisure-time PA2
1 (= lowest level) 354.7) 22 (4.6)
2 183 (24.9) 111 (23.4)
3 (= highest level) 517 (70.3) 341 (71.9)
Parental active transportation?
1 (= lowest level) 188 (25.6 118 (24.9)
2 271 (36.9) 183 (38.6)
3 187 (25.4) 117(24.7)
4 18 (2.5) 14 (3.0)
5 (= highest level) 71(9.7) 42 (8.9)
Frequency of joint outdoor trips?
< 2/month 202 (27.5) 112 (23.7)
3 - 8/month 483 (65.7) 327 (69.0)
2 9/month 50 (6.8) 35(7.4)
Single parent? 45 (6.1) 25 (5.3)
Parent at home? 678 (92.2) 455 (96.0)
Availability of playmates? 648 (88.2) 416 (87.8)
Community-level SES*? 0.21+0.84 0.33+0.86
4 Physical environmental potential correlates
Distance to infrastructure?
1 (= lowest level) 146 (19.9) 81 (17.1)
2 240 (32.7) 159 (33.5)
3 186 (25.3) 137 (28.9)
4 86 (11.7) 50 (10.6)
5 (= highest level) 77 (10.5) 47 (9.9)
Playability2
1 (= lowest level) 27 (3.7) 15 (3.2)
2 76 (10.3) 43 (9.1)
3 180 (24.5) 117 (24.7)
4 (= highest level) 452 (61.5) 299 (63.1)
Access to private garden? 586 (79.7) 375 (79.1)
Dog in family2 75 (10.2) 47 (9.9)
Parental perception of traffic safety in the neighborhood? 470 (64.0) 300 (63.3)
Urban preschool location*2 192 (26.1) 121 (25.5)
Community-level proportion of forest, %*® 30.56 + 13.63 31.14 £ 13.84
Community-level proportion of recreational area, %*° 1.75+1.54 1.87 +1.59
Community-level proportion of settlement area, %*® 2449 +12.02 24.98 +11.93
Warm season (Mar-Sept)*@ 325 (44.2) 211 (44.5)

Domain classification was adapted from Sallis et al. [44]. For the domain psychological, cognitive and emotional potential correlates in the framework of Sallis et al.
no factors were assessed in this study. We assessed both family-level (white) and community-level potential correlates (grey) that were measured subjectively (i.e.
by parent proxy-report) or objectively (marked with an asterisk *). Values are ®n (%) and ®mean = SD. For ease of display, categories of ordinal variables were
merged (if available, based on national recommendations [80]) and hence do not match with the categories as used in the multilevel models (Table 3). Due to
rounding errors percentages do not always add up to 100%. MVPA was measured in minutes/weekend day and minutes/weekday afternoon, respectively. TPA
was measured in mean accelerometer counts/15 s during weekend days and weekday afternoons, respectively. A weekend day and a weekday afternoon
comprised the period between 7 am - 9 pm and 1-9 pm, respectively.

BMI body mass index, MVPA moderate-to-vigorous physical activity, n number of children in the respective sample, N number of preschools in the respective
sample, PA physical activity, SES socioeconomic status, TPA total physical activity.
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Table 3 Associations of potential correlates with moderate-to-vigorous and total physical activity

MVPA TPA
Weekend day Weekday afternoon Weekend day Weekday afternoon
n=735/N=52 n=474/N=50
B 95% ClI B 95% ClI B 95% ClI B 95% ClI
Demographic and biological potential
1 correlates
Age of child, months -0.18 * -0.36-0.01 -0.07 -0.19-0.05 -0.03 -0.12-0.06 -0.02 -0.14 - 0.09
Gender, reference: male -3.55 * -7.22-0.12 -1.63 -3.81-0.56 -2.61 ** -492--0.31 -1.36 -3.43-0.70
BMI, kg/m?# -0.53 -1.23-0.16 -0.27 -0.83-0.30 -0.44 ** -0.86--0.03 -0.44 -1.07-0.18
Migration background, reference: non-migrant -0.08 -3.53-3.38 -3.37 ** -6.02--0.73 -1.28 -3.32-0.75 -242 * -490-0.07
SES -0.58 -2.97-1.82 -1.35 -3.18 - 0.47 -0.32 -1.86-1.22 -1.12 -3.06 - 0.83
2 Behavioral attributes and skills
Participation in organized sports 199 ** 0.10-3.87 144 * -0.21-3.10 1.68 ** 0.28-3.07 225 ** 0.02-4.48
Screen time 0.52 -1.50-2.53 157 ** 0.24-2.89 -0.29 -1.28-0.70 0.46 -0.79-1.71
3 Social and cultural potential correlates
Parental leisure-time PA 1.74 * -0.06-3.55 0.79 -1.07 - 2.65 0.82 -0.38 - 2.01 0.52 -1.34-2.37
Parental active transportation 0.10 -0.75-0.94 0.08 -0.37 - 0.52 0.00 -0.63 - 0.64 0.45 -0.18 - 1.07
Frequency of joint outdoor trips 0.11 -1.46 - 1.68 0.02 -1.14-1.17 0.04 -0.77 - 0.84 0.07 -0.90 - 1.03
Single parent -2.27 -6.52 - 1.98 -3.79 * -8.25-0.67 -2.49 -6.93 - 1.96 -3.28 -7.75-1.19
Parent at home 2.20 -2.65-7.04 -2.16 -7.11-2.80 0.69 -2.69 - 4.06 -2.06 -6.10 - 1.97
Availability of playmates -1.63 -6.63 - 3.37 2.30 -1.74 - 6.34 -0.43 -3.20-2.33 1.71 -1.67 - 5.09
Community-level SES#* -1.84 -4.38 - 0.71 -1.01 -3.04 - 1.03 -0.84 -2.65-0.97 -0.02 -1.97-1.94
4 Physical environmental potential correlates
Distance to infrastructure -0.25 -1.78-1.29 -0.08 -0.99-0.83 -0.07 -0.92-0.78 0.07 -0.84-0.99
Playability 1.29 -0.55-3.14 -0.50 -1.88-0.88 -0.30 -1.46 - 0.87 -1.05 -2.92-0.82
Access to private garden -2.64 -6.17 - 0.89 1.32 -1.68 -4.31 -0.74 -3.22-1.74 0.95 -2.87-4.78
Dog in family 0.56 -3.87-4.98 3.01 -1.39-7.41 -0.62 -3.52-2.28 1.91 -1.04 - 4.86
Parental perception of traffic safety in the
neighborhood 3.37 ** 0.01-6.73 222 * -0.33-4.77 244 ** 0.48-4.39 242 * -0.20-5.04
Preschool location, reference: rural* -1.85 -6.75-3.04 -0.08 -3.72 - 3.56 -0.29 -3.40-2.82 0.80 -3.19-4.80
Community-level proportion of forest, %* 0.04 -0.17 - 0.24 -0.01 -0.14-0.12 -0.07 -0.20 - 0.06 -0.11 -0.26 - 0.04
Community-level proportion of recreational area,
%* -1.09 -3.99 - 1.81 0.97 -0.89-2.83 -0.67 -2.46-1.13 0.16 -1.34 - 1.66
Community-level proportion of settlement area,
% 0.21 -0.20- 0.63 -0.03 -0.29-0.23 0.06 -0.16 - 0.29 -0.12 -0.36 - 0.12
Season, reference: Oct-Feb* 2.65 -1.61-6.93 3.32 ** 0.21-6.42 0.16 -2.61-2.93 279 * -0.54-6.11
Snijders/Bosker R-squared Level 1 0.05 0.09 0.06 0.08
Snijders/Bosker R-squared Level 2 0.18 0.21 0.16 0.14

The subjectively (i.e. by parent proxy-report) or objectively (marked with a hashtag *) assessed variables in the four domains were concurrently tested in the
multilevel regression models. Both family- (white) and community-level potential correlates (grey) were included in the analyses. Domain classification was
adapted from Sallis et al. [44]. No potential correlates belonging to the domain psychological, cognitive and emotional potential correlates were assessed in this
study. MVPA and TPA were measured in minutes/weekend day or minutes/weekday afternoon and mean accelerometer counts/15 s, respectively. A weekend day
and a weekday afternoon comprised the period between 7 am - 9 pm and 1-9 pm, respectively. If units of independent variables are not otherwise specified they
are measured on an ordinal scale (details on measurement, scale levels and operationalization are provided in Table 1).

BMI body mass index, CI confidence interval, MVPA moderate-to-vigorous physical activity, n number of children included in the respective analysis, N number of
preschools included in the respective analysis, PA physical activity; SES, socioeconomic status, TPA total physical activity.

*P < 0,1, **P < 0,05.

counts/15 s [0.48-4.39]). Within the group of objective
community-level physical environmental correlates, season
was significantly associated with MVPA in the weekday
sample only (B = 3.32 min/weekday afternoon [0.21-6.42]).

In addition, demographic and biological covariates such
as gender and migration background showed significant
associations with preschoolers’ MVPA and TPA (see Table
3 for details).

Discussion

This study assessed associations between preschoolers’ ob-
jectively measured leisure-time PA and a comprehensive
set of subjective (i.e. by parent proxy-report) and objective
potential PA correlates across the behavioral, social and
physical environmental domains on both family- and
community-level (Fig. 1) in a large sample of German
preschoolers.

None of the objective community-level social and phys-
ical environmental potential correlates were associated
with objectively assessed leisure-time PA. In contrast, for
the family-level behavioral domain (child participation in
organized sports) as well as the subjective (i.e. by parent
proxy-report) family-level physical environmental domain
(parental perception of neighborhood traffic safety) signifi-
cant associations with MVPA and TPA were observed.
These main findings were consistently seen in both the
weekend and weekday afternoon samples.

No associations between PA and the objective
community-level social and physical environmental factors
from routine administrative datasets (community-level SES
and proportions of forest, recreational as well as settlement
area) — ie. distal potential correlates - were observed. To
date only few studies have investigated associations be-
tween objective community-level potential correlates and
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PA in preschool age [21, 22]. Our results are in line
with a study in Dutch preschoolers showing fewer asso-
ciations between subjectively assessed outdoor play and
distal physical environmental correlates (i.e. correlates
that are less central to a person, e.g. greenness of the
neighborhood) than proximal correlates (e.g. presence
of a private garden) [21].

The lack of associations observed in our study might
partly be due to the measurement of objective environ-
mental correlates at the community-level, i.e. all pre-
schoolers attending preschools in one community had
the same data on the objective community-level poten-
tial correlates. As the area in which a substantial propor-
tion of preschoolers’ PA happens tends to be quite small
[46], our assessment might not have been detailed
enough to capture relevant yet subtle differences in the
PA environment. An objective assessment of the envir-
onment at the level of the individual child (e.g. by creat-
ing and analyzing child-level buffers in GIS), possibly
compared to community-level measures, might move
the field ahead.

In our study none of the subjective (i.e. parent proxy-
reported) family-level physical environmental correlates
apart from parental perceptions of the neighborhood
traffic safety were associated with PA. In contrast, a
small number of North-American and Australian studies
identified several physical environmental correlates of
PA in preschoolers (predominantly assessed by parent
proxy-report, e.g. number of playgrounds within walking
distance [47], distance to the next park [48], presence of
public open spaces and the number of recreational facil-
ities in public open spaces [46]). In contrast to these re-
sults distance to infrastructure (i.e. to formal play areas
like the next playground) were not associated with PA in
our study. This might be explained by differences be-
tween North-American and European land-use planning
traditions (e.g. increased availability of informal play
areas like sidewalks in European settings) [49-51].
Moreover, the variables playability and access to private
garden, mainly capturing informal opportunities to play,
were not associated with PA in our study either. This is
in contrast to a recent study in Dutch preschoolers that
showed a positive association between the presence of
sidewalks, i.e. one type of informal opportunity to play,
and outdoor play [22]. The result of the Dutch study
highlights the potential beneficial effect of informal play
areas already in preschool age which should be further
investigated in future studies.

Subjectively assessed regular participation in organized
sports was positively associated with all PA outcomes in
our study. The literature however remains inconclusive:
A study on children aged 5-12 years (n = 518) docu-
mented a positive association between participation in
organized sports and parent proxy-report leisure-time
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PA [52], while a recent review including two smaller
studies (n = 214; n = 347) reported no association be-
tween formal sports participation and PA [20]. Possible
explanations for these divergent results might be differ-
ent methods of PA assessment (objective measurement
by accelerometry/heart rate monitoring versus direct ob-
servation), different settings (overall leisure-time PA ver-
sus PA during time spent in childcare versus PA at
home) or differing degrees of control for potential con-
founders [47, 53] .

There is a growing body of literature documenting a con-
sistent positive association between parental PA and PA be-
haviors in preschool age [54-57]. In the present study,
however, we only found a non-significant association be-
tween subjectively assessed (i.e. parent reported) parental
leisure-time PA, a family-level social environmental correl-
ate, and MVPA on weekends with no significant associa-
tions for any of the other outcomes. One reason could be
our joint assessment of leisure-time PA for mothers and fa-
thers: One study in preschoolers [28] as well as a review in-
cluding studies in older children [45] showed that only PA
levels of fathers were a correlate of children’s PA whereas
the mothers’ PA was mostly unrelated. For studies that did
not separate PA of parents no associations were observed
[45].

Alternatively, participation in organized sports as a po-
tential proxy-measure for parental support might medi-
ate the relationship between parental PA and their
children’s PA levels as shown by Loprinzi et al. [58]. As
effect estimates were not affected by excluding participa-
tion in organized sports from our models (data not
shown), substantial mediating effects seem unlikely but
can not be precluded. Future studies might want to fur-
ther assess potential indirect and direct effects in the re-
lationship between parental and offspring PA.

The positive association between preschoolers’ leisure-
time PA and subjective parental perceptions of neighbor-
hood traffic safety, a family-level physical environmental
correlate, is in line with Timperio et al. [59], document-
ing that children whose parents perceived neither lights
nor crossings within the neighborhood were less likely
to actively commute to school. In contrast, other empir-
ical evidence did not show an association between sub-
jective perceptions of neighborhood safety and PA
behaviors [60]. These mixed results might be due to the
assessment of different dimensions of safety (traffic ver-
sus crime) and different types of PA (overall leisure-time
PA versus active transportation versus outdoor play).

Recent evidence shows that negative impacts of parental
safety concerns on offspring PA are not confined to pre-
school age but are also observed in older children’s inde-
pendent mobility (10 to 12 year-olds) [61]. This might be
due to a persistent negative association between parental
safety concerns and offspring unstructured PA and play
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across different periods of childhood. Interventions
already during the preschool period might therefore yield
the largest benefits and should be prioritized in future
research.

While some studies identified road safety as a valid
parental concern substantiated by child pedestrian acci-
dent statistics [62], others showed no correlation be-
tween objective road insecurity and subjective parental
concerns [34]. Future studies should aim at elucidating
which dimensions of neighborhood safety (traffic and/or
crime) are most important for which type of PA and
whether objectively measured and subjectively perceived
traffic safety concur.

Surprisingly, we found that subjectively assessed (i.e.
by parent proxy-report) screen time, one of the family-
level behavioral correlates, was positively associated with
MVPA on weekday afternoons, but not with any other
outcome. However, also previous literature on screen
time and its association with PA remains inconclusive
[20, 23], with lack of sedentary behavior during screen-
based activities in young children being one potential
explanation [63].

The lack of association between most PA outcomes and
age, BMI, migration status and SES is in line with a majo-
rity of studies included in recent reviews [20, 23, 24]. The
results for these demographic and biological correlates did
not change once all community-level potential correlates
had been excluded from the models in sensitivity analyses
(results not shown).

Estimated mean magnitudes of associations between
MVPA and its correlates, particularly parental perceptions
of neighborhood traffic safety and participation in orga-
nized sports, ranged from approximately 1.5-3.5 minutes
per weekend day and weekday afternoon, respectively.
While small in absolute terms, the coefficients represent a
relative increase of time spent in MVPA per weekend day
and weekday afternoon of 7-10%, respectively. Given in-
creasing evidence that particularly MVPA (vs. lower inten-
sity PA) is associated with health gains in children and
youth [64], the magnitude of associations observed in our
study might well be relevant in public health terms.

Strengths and limitations

Strengths of our study are the objective PA measure-
ment by combined accelerometry and heart rate moni-
toring and the deliberate use of linear mixed models to
account for the clustered data structure. In contrast,
many studies on potential correlates of PA relied on
proxy-report measures of PA and disregarded the clus-
tered data structure in statistical analyses [45].

Our study adds to the limited number of recent studies
simultaneously investigating multiple potential correlates
of preschoolers’ PA from different domains of the socio-
ecological model (e.g. [21, 22] (outcome: subjectively
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assessed outdoor play) [30] (outome: PA counts per mi-
nute)). In contrast, older studies often reported only bi-
variate results or confined themselves to investigating a
few correlates (mean 3.9 correlates/study, range: 1-14)
[20]. By concurrently assessing a multidimensional set of
potential correlates, the complexity of factors influencing
preschoolers’ PA is approached in a much more compre-
hensive way and the most effective intervention leverages
might be better isolated.

Moreover, the present paper adds to the limited body
of literature on social and physical environmental poten-
tial correlates of preschoolers’ PA in European countries
[20-22]. The majority of studies to date have reported
findings from North-American and Australian samples
[20, 23] — countries with clearly distinct land-use plan-
ning traditions and built environments [49-51].

Despite these strengths, the study has several limitations.
Firstly, like most studies investigating potential correlates of
PA [20, 23, 24], the present study uses a cross-sectional de-
sign precluding any causal inferences. Future studies should
select longitudinal study designs to advance our under-
standing of the correlates of PA. Secondly, we observed sig-
nificant differences with regards to mean time spent in
MVPA during weekends and the distribution of several po-
tential PA correlates between preschoolers included in the
final models and those excluded due to incomplete data. A
larger proportion of preschoolers excluded from the ana-
lyses due to incomplete data had migration background
and was from a low SES background and spent less time in
MVPA during weekends. While 80% of eligible children
were recruited, this presumably non-random pattern of
missing data might have biased our results and might
therefore limit the generalizability of our findings. The ob-
served pattern of missing data and non-response is com-
mon in many studies that rely on parental consent and
proxy-report. Using administrative routine data at the level
of the preschoolers (e.g. objectively assessed BMI from
school entrance examinations) and objective measures of
PA correlates might minimize this source of selection bias
in future studies. Thirdly, despite the objective assessment
of a limited number of potential PA correlates, a substantial
subset of potential PA correlates was still measured via par-
ent proxy-report. Future research might benefit from sup-
plementing or even substituting these subjective measures
with objective approaches to minimize measurement error
(e.g. assessment of distances to playgrounds and preschools
by GPS/GIS-based approaches) [45, 46]. Fourthly, we were
only able to assess parental perceptions with regards to
neighborhood traffic safety. As parental perceptions might
shape preschoolers’ PA behaviors beyond this narrow area,
future studies should assess parental perceptions of a
broader set of neighborhood characteristics (e.g. neighbor-
hood greenness, insecurity due to crime). Fifthly, we were
only able to include a limited set of family-level physical
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environmental potential correlates (e.g. access to private
garden, presence of a dog in families). Future studies inves-
tigating the association between both indoor (e.g. indoor
PA equipment) and outdoor (e.g. size of garden) home
physical environmental correlates and objectively measured
PA should use novel technologies to objectively assess the
home environment (e.g. wearable cameras) where possible
[65]. Lastly, the present dataset only included limited infor-
mation on parental characteristics (e.g. parental modeling,
support). With accumulating evidence that parental charac-
teristics might be key correlates of PA in preschool age [28,
31, 54-56, 58, 59], gathering detailed information on par-
ents in future studies seems necessary.

Conclusions

This paper investigated associations between preschoolers’
objectively measured leisure-time PA and a comprehen-
sive set of subjective (e.g. parental perceptions) and object-
ive potential PA correlates across the behavioral, social
and physical environmental domains on both family- and
community-level in a large representative sample of pre-
schoolers in a German context. While none of the object-
ive social and physical environmental factors showed
significant associations with PA, subjective parental per-
ceptions of neighborhood traffic safety as well as participa-
tion in organized sports, possibly mirroring parental
support towards PA, were positively associated with
MVPA and TPA. Family-level correlates and subjective
parental perceptions of environmental factors — i.e. corre-
lates that are more proximal to preschoolers — might be
more central to PA in preschool age than objectively
assessed community-level environmental features, i.e.
more distal correlates. Future longitudinal and interven-
tion studies should therefore include these correlates to
further strengthen the evidence base. If our findings can
be replicated, targeting parental perceptions of environ-
mental factors and parental support for PA in preschool
age might be powerful leverages for future public health
policy at the municipal and district level.
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