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Table 1: Timing and results of measurements of physical activity ahdNBass Index

Baseline Followup
boys girls boys girls
First period To(n=150) To(n=147) Ti(n=150) Ti(N=147)

% time spent in light: mean (SD) 46.19 (5.42) 44.37 (4.53) - -
% time spent in MVPA: mean (SI  7.97 (2.73) 7.19 (2.38) - -
Age at masurement: mean (SD) 4.86 (0.34) 4.86(0.31) 7.22(0.38) 7.22(0.35)

BMI zscore: mean (SD) * -0.07 (0.84) 0.02 (0.92) -0.26 (0.94) -0.20 (0.93)

Second period T1(n=133) Ti(n=145) T:(n=133) T.(n=145)
% time spent in light: mean (SD) 39.88 (5.04) 39.19 (3.90) - -
% time spent in MVPA: mean (S 8.00 (2.49) 7.32(2.34) - -
Age at measurement: mean (SD  7.21 (0.47) 7.12(0.39) 9.09 (0.67) 9.04 (0.65)

BMI zscore: mean (SD) * -0.26 (0.99) -0.16 (0.90) -0.03 (0.97) -0.07 (0.96)

Values are presented asean GSD *: standardized against the age and gender specific reference values of the
Fourth Dutch Growth Study (11).

Longitudinal relationship between PA behavior and BMI development

First, the effect of potential effect modifiers (age x PA, gender aritAperiod x PA) was
checked. We found that interaction with PA was not statistically significant for age and
period (p > 0.05 for all PA categories). Gender significantly interacted with PA in heavier
children (p < 0.05 for all PA categories except MYRAJ normal weight children (p <
0.05 for MVPA). Consequently, we decided to perform both pooled (top part of Table 2)
and stratified GEE analyses for gender, and identify significant gender interactions with a
dagger (see Table 2).

In heavier childrena 5% increment of MVPA was associated with a 0.16 decrease in BMI
z-score, and this was of similar size in boys (0.17) and girls (0.14), and statistically
significant in both (Table 2). In heavier boys, a 5% increment of light PA was also related
to a staistically significant decrease of 0.13 BMicores per year. When combining light

PA and MVPA into total PA, this amounted to a 0.11 BMI decrease in heavier boys for a
5% increment in total PA. In normal weight boys, only MVPA was associated with a
decrease of BMI score. Girls generally did not show any decrease in BMI related to PA in
the adjusted models, except for MVPA in heavier girls (similar to boys as noticed above).
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Table 1: Distribution of physical activity and weather variables across the school terms

Daily levelf=4599 days of measurement)

School Term 1

(summer)

(autumn)

School Term 2 School Term 3 Shool Term 4

(winter) (spring)

Number of children included (% from total)
Accelerometer weartime (daily minutes), mean (SD)

Sedentary time (daily mutes), mean (SD)

238 (77.5%)
780.0 (212.3)
467.1 (174.63°

212 (69.1%)
807.0 (224.6)
492.2 (191.8)*

269 (87.6%)
826.3 (214.9)
492.8 (181.3)*

272 (88.6%)
814.7 (208.8)
473.8 (176.1

Light physical activity (daily minutes), mean (SD) 253.2 (70.8f  249.5(71.9¥4  258.2 (66.4}4  267.7 (73.1)
Moderate physical activity (daily minutes), meab)S 43.7 (21.034 45.9 (22.2}4 50.8 (20.6)2 51.8 (22.3)2
Vigorous physical activity (daily minutes), mean (SD) 16.7 (14.4) 19.5 (15.2) 25.1 (18.4) 21.4 (16.0)
Moderate physical activity (daily average in %), mean ( 5.8 (2.8p4 5.9(2.9)34 6.4 (2.6} 6.5 (2.8)'2
Vigorous physical activity, (daily average in %), mean ( 2.2 (1.9y 2.5 (2.1y3 3.2 (2.5 2.7 (2.0y3
Rainfall (number of days) (%) *
No rainfall 591 (60.5) 446 (50.8) 532 (36.4) 846 (66.0)
0.01t7.8 mm per day 218 (22.3) 217 (24.7) 514 (35.2) 136 (10.6)
7.9 t46.0 mm per day 168 (17.2) 215 (24.5) 416 (28.5) 300 (23.4)
Humidity (daily average in percentage), mean (SD) 60.0 (12.6%3 71.2 (13.0) 67.2 (10.6) 61.0 (12.3y3
Day lengh (total daily minutes), mean (SD) 761.8 (34.2) 599 (20.3) 651.3 (21.7) 851.4 (18.7)
Temperature (daily maximum in °C), mean (SD) 27.5 (5.2 16.6 (2.8) 15.2 (2.9 22.6 (5.3
Solar Radiation exposure (daily total in M3)nmean (SD)  19.56(7.23)" 6.99 (2.61) 10.28 (3.61) 21.74 (7.59)

Differences between school terms for continuous variables were tested using Bordeoroected analyses of variance and for categorical variables ushsgchie
tests : * statistically significamtifference between term in column and all other school terfrstatistically significant difference between term in column and school
term 1 (summer)? statistically significant difference between term in column and school term 2 (autdrsta)isticaly significant difference between term in column
and school term 3 (winter},statistically significant difference between term in column and school term 4 (spring).



Table 2: Relationship between weather elements and physical actiwity609 daysn=307 children)
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Moderate PA
std. B (95%Cl)

Vigorous PA
std. B (95% ClI)

-2 restricted log likelihood = 1083.

Rainfall (0.017.8 mm per day versus no rainfal 0.087 (0.029 to 0.145)
Rainfall (7.946.0 mm per day versus no rainfal -0.065 (0.152 to 0.022)
Humidity -0.070 ¢0.108 to 0.033)
Day length -0.050 ¢(0.177 to 0.076)
Temperature 0.378 (0.17%0 0.579)

Temperature squared -0.484 (0.665 t0-0.302)

Solar Radiation exposure 0.079 (0.037 to 0.121)
Day type (weekday versus weekend day) 0.438 (0.380 to 0.496)
Gender (boys versus girls) 0.523 (0.410 to 0.636)
Age in years -0.118 (0.178 t0-0.058)

Body Mass Index 0.026 (0.026 to 0.079)

-2 restricted log likelihood = 1075

0.062 (0.005 to 0.119)
-0.007 €0.093 to 0.078)
-0.085 (0.122 t0-0.048)
-0.079 (0.202 to 0.044)
0.108 (0.089 to 0.304)
-0.297 (0.474 10-0.120)
0.065 (0.024 to 0.106)
0.333 (0.276 to 0.389)
0.531 (0.397 to 0.665)
-0.051 €0.122 to 0.019)
-0.107 (0.168 t0-0.046)

Table shows fixed fefcts (as standardized regression coefficients (std. B) with 95% confidence intervals (Cl) from linear mixed modekmnddgth intercept for each
child, and a repeated term for each child across each repeated obseryaiithnrautoregressive covarians#ructure. Bolded text indicates significant at p<0.05.



94 | Chapter ¢

30 == =Moderate Physical Activity

4 e===\/igorous Physical Activity
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Mean Predicted Value Physical Activity (minutes per day)
7

10.5 13.7 16.9 20.2 234 26.6 29.8
Temperature (degrees Celsius)
Figure 1Relationship between Temperature and Physical Activity. Mean Unstandardized Predicted Values of
Moderate and Vigorous Physical Activity were adjusted for rainfall, humidity, day letayttype, gender, age,

and BMI. For Moderate Physical Activityalue temperature < 0.01;-palue temperaturé< 0.01. For Vigorous
Physical Activity walue temperature = < 0.86:yalue temperaturé< 0.01.

Moderation across weather elements, and betee sociedemographics and

day type

There was statistically significant moderation for solar radiation in the relationship
between temperature and MPA and VPA (improvement of the model by including
interactiontermsp< 0.01 for both MPA and VPA, likelihaadio test with 2df). This

means that the previously computed temperature that corresponded to highest PA,
depends on the level of solar radiation. We dichotomized solar radiation to graphically
demonstrate this. It should be noted that during days witvIsolar radiation, maximum
temperatures only reached 29.1 degrees Celsius, while in days with high solar radiation,
temperatures were recorded up to 39.1 degrees Celsius (see Figures SDC2 and SDC3 in
Appendix 3. Consequently, temperature had a smalle(mp v }v Z]Jo & v[e DW
VPA during days with lower solar radiation; while temperatures (above 25 degrees
Celsius) were strongly associated with lower MPA levels during days with high solar
radiation (see Figure SDC2 and SD@®pendix 3. This camlso be deducted from the
negative interactioterm solar*temperature, while the interactioterm of the quadratic

term solar*temperature squared was positive (see Supplemental Tablé&gpendix 3

In addition to the interaction described above, modeoat was also found between day

type and temperature in the relationship with VPA (see Supplemental Tablé@pendix

3; moderation of weather elements and day type in relationship between weather
elements and vigorous PANe found a strong curvilineaglationship between

temperature and VPA during weekdays; while during weekends temperature was linearly
related with lower VPA (see Figure SDCAppendix 3. We found no indication for
moderation bygender, age, and BMI
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Discussion

This study first inve$] P § ¢} ] 8]}ve 3A VA 3Z & ouvsie v Z]o
PA patterns, and secondly the moderating effects of day of the week (weekdays vs.
weekend days) and gender, age and BMI on the relationship between these weather
elements and PA, using artensive longitudinal design containing measurements across
four seasons. Temperature and day type (weekdays versus weekends) were the strongest
variables explaining MPA and VPA; followed by equal contributions from solar radiation
and humidity. Temperatuw showed a curvilinear relationship, with highest engagement in
MPA and VPA levels occurring at 22 and 20 degrees Celsius, respectively. Relative
humidity was consistently related to lower MPA and VPA, and solar radiation was
consistently related to highe¥lPA and VPA. Little rainfall (GZL8mm) was associated

with higher MPA compared to no rainfall, but no association was found for heavier rainfall
(7.946.0mm). When compared agairsgdentary time, results were equally strong but in
opposite direction, sggesting that the increments observed in MPA and VPA were
accompanied with a similar decrease in sedentary time.

The curvilinear relationship found between temperature and MPA and VPA was highly
comparable with results from the study by Lewis ef(21), which also reported an

optimal temperature around 2@5 °C related to PA among children in Australia and
CanadaFor light PA however, we did not observe this typical curvilinear relationship.
addition, our study found that there was a notable cunehr relationship between
temperature and VPA during weekdays. During weekends, we found no evidence for such
a curvilinear relationship, but still, higher temperatures were related to lower VPA. Lewis
et al.(21)reported that the influence of weather wasdronger on weekdays; while

Duncan et al(9) and Atkin et al(3)in contrastreported that this was generally true for
weekend days. Inconsistency regarding these findings may be explained by the possibility
that on weekends with temperatures above 20, more fregime may have been spent in
water-related activities which likely resulted in misclassification of actual PA behavior as
children were instructed to not wear the accelerometer during wedetivities(21).

Another explanation may be that thelseduling of structured PAe(g.team sports) may

have resulted in fewer PA opportunities in warmer periods of the y2&r However, by
allowing for an individualized intercept and repeated measures for each participant across
each day of measurement,ig more conceivable that daily changes in temperature
influenced PA in our study, rather than the role of potential changes in structured PA.

We found that solar radiation was consistently associated with higher MPA and VPA.
Duncan et al. also examinedlar exposure in their New Zealand stu@, but no
associations were found with R8). This may be due to different definitions of solar
radiation, as the present study defined solar radiation as the daily totslJ/n?, while
Duncan et al(9) definedsolar radiation as the duration of absent cloud cover. As the
former provides more valid information about the actual intensity of solar radiation, this
measure may be more likely to be related with PA behavior. In addéitmugh
suggested by Duncar al. (9), this is the first study that has investigated moderation
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mechanisms between weather elements and their association with PA. Such moderation

was found for temperature and solar radiation. Apart from the potential influence of
water-related activiS] «U euv % E}S 3]}V %}0o] ] * u C o} Z A Jv(ou v
particularly during the warmer months. At higher intensities of solar radiationlu&ls>

3), SunSmart protection measures in Australia encourage children to stay in the shade and
wear protective clothing (e.g. hats and long sleeve tops) during periods of the day with

extreme UYo A oeX dZ]e u C Z A Z]lv & Z]o € v[s @B)ES] ]% 3]}
and thus may have contributed to the moderation between temperature and day type in

the relationship with VPA (see Figure SDCgpipendix 3. Similar school policies

regarding promotion of indoor PA during wet weather conditi¢h4) may also be

required during periods of the day with extreme {&vels.

While we found consistent assations between relative humidity and lower PA, Lewis et
al. (21)found no such associations with MVEZL). Humidity may influence PA in a way
that the sensation of heat (at higher temperatures) depends on relative hun{i@iity28)
which suggests a modating mechanism between temperature and humidity in the
relationship with PA. However no evidence for interaction was found in our study.
Therefore regardless of temperature, PA may be more exhausting and uncomfortable for
children in higher relative humity, and therefore it may be best to encourage indoor
activities on days of high humidity. Moreover, no associations were found between
humidity and light PA. Similar to temperatures above 25 degrees Celsius, increments in
humidity are especially related tdeclines in PA at high intensity. This may mean that
these meteorological circumstances may discourage and/or limit children from
performing MPA/VPA because of discomfort and/or increased fatigue.
Except for positive associations in the Canadian samgaiemed by Lewis et g21), five
studies reported negative associations between rainfall ang9A2, 21)In the current
study however, results regarding rainfall were mixed. Interestingly, only Duncan(gj} al.
and Harrison et al14, 15)categorizd of rainfall due to its skewed distributi@8). Unlike
the study of Duncan et &9) but in line with the studies of Harrisqi4, 15)
categorization of rainfall in our study was based on days with no rainfall, and
subsequently split into two categes of similar size. When we applied the same
categorythresholds as Duncan et é8) however, results remained unchanged. A
potential explanation for the mixed rainfall findings in our study may be that children
performed PA between rain showers, or irsiduring rainfall. As we had no data on the
rainfall characteristicse(g.intensity, duration or timing of rainfall) or indoor/outdoor
$Ju]vPU A VV}$ «% po & Z}A up Z Jv(op v E ]Jv( oo Z }v
In addition, future studieshat have access to wind speed data may also investigate
whether average daily wind speed (or in a moderation mechanism with rainfall) influence
Zlo & v[s W Z A]J}EX /vd € *3]vPOCU }v *3u C E %} ES 0
after-school PA withricreasing rainfall in-91 yearold children, but no associations were
found for 1314 yearold children(15). Unfortunately our daily rainfall data and limited
age range do not allow direct comparison with these findifids. Future studies are
encouragel to include rainfall characteristics and indoor/outdoor time in their analyses,
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as preliminary results indicated that children were most active in schools with policies to
provide opportunities for active indoor activities during wet weatlib4).

Givenour longitudinal design across four school terms, substantial variations in day length
were recorded in our study; however, no associations between day length and PA were
observed.Unlike the study of Goodmafi2), we entered day length as a continuous

variable in our models. When we computed tertiles based on equal frequency
distributions however, some small differences in MPA were found but results were
inconsistent (data not shown). Initial muttollinearity statistics provided indications for
potential multicollinearity between day length, temperature and solar radiation. Hence,

we investigated this in sensitivity analyses. For example, removing temperature or solar
radiation from our models led to significant decrease in modepfit 0.05 for MPA and

VPA), while the association between day length and MPA remained unchanged (data not
shown). Based on these sensitivity analyses, we decided to retain day length in the models
as we deemed multicollinearity not to have significantly influenced our reddtieever,

in line with the present studyprevious studies reported that associations between day
length and PA were only strong during the late afternoon and early evéhiz)gand only

small increases in overall daily PA were shbetween days with lage differences in

sunset timesi(e. before 5 PM versus after 9 PND1). Consequently, day length may
independently increase PA in late afternoons and evenings, but associations between day
length and overall PA across the whole day seem to be {5k

According to the results of Goodman et #his may be due to an increase in light PA

during late afternoon or early evenings?2). In addition, it is possible that day length

might have less influence on PA performed as part of organized sports versus
discretionary PAg.g.sports facilities may be more likely to be lit than playgrounds).

Future studies are encouraged to further examine these distinct PA patterns.

Strengths and weaknesses

To our knowledge this is the first study to use a longitudinaigiteto investigate the

Jviop v }(A §Z E o u v3e }andiZidual @A piseinsth@&repeated
measurementslistributed across four school termgthin one year ensured variation in

weather elements and are representative of yearly PA pagexmong Australian

children.

dZ % @E * vS *3u Cl[e %% E} Z }( W % 55 Eve A]3Z]v ]Jv 1Al
studies. These studies typically analyzed betweelividual differences, aggregating PA

over days. WithiAndividual analyses, such msour study, are better able to characterize
day-to-day variation in children, helping us to understand PA patterns in children.

In our study, the lowest average temperature recorded was 10.7 degrees Celsius.
Therefore, these findings may not be genesatl to countries with lower winter
temperatures. In addition, weatherlementsalso show withirday variability €.g.short
periods of heavy rainfall may have a different influence on PA than prolonged light
rainfall) (12). Future studies are encouragedatso analyze withigay variability of

weather elements in relation to PA patterns, particularly in regions where the weather is
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highly variable across the day. Although we accounted for differences between each day
of measurement within children (as apeated term) and thus also for potential
differences in sports participation across school terms, the influence of weather elements
may still be underestimated by indoor sports participation. Related to this, future studies
may also investigate whether thelationship between weather elements and PA is
}ve]ed v3 YA E 3Ju X hv @&E +3]Ju 3]}V }( JULE E spose u C 0} «
behavior, which is not well captured by hiyprn accelerometers, but may vary according
to weather element423). Ore could also argue that despite this study controlling for
weartime, our results may be influenced by differences in weartime across school terms.
For example, especially in summer, weartime (and VPA) was lower compared to other
school terms. However, seitigity analyses revealed that no notable changes were
detected when models were repeated for low versus high weartime (data not shown).
Finally, we were unable to account for the possibility that wdiased PA may have
influenced our results in warmer peds of the year. The use of extensive PA diaries or
combined Global Positioning System (GPS) and accelerometer methodology in future
studies may be able to recognize specific types of PA and their context.

Implications

This study has important implicatis for future study methodology. As weather

influences cannot be controlled, knowledge of its influence on individual PA patterns may
inform the design, analysis and interpretation of future studies; especially when
investigating PA across diverse meteogital settings and with long folleup periods.

Also, future interventions should not only account for intedividuat, but also for intra
individual changes of weather elements in their analyses. This study also has implications
for countries that ofte experience high temperatures (>25 degrees Celsius). As this study
showed substantially lower levels of PA at these high temperatures, researchers are
encouraged to investigate mechanisms behind this inactieity. parents/schools keeping
childreninsid }@& Z]o & v[e }Av Jv o]v §]}v §} 0 e« 3S]A X W}o] ¢
countries are advised to provide infrastructure to promote and support appropriate PA in
these temperatures, while being cautious about adverse health effects of high solar
radiation and overheating.
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CHAPTER

Playabilityof schootenvironments and afterschool
physical activity among-8L1 year-old children:

specificity of time and place

This chapter has been published as:
Remmers T. Van Kann DiHhijs C. de Vries Sl, KremersE&yability of schoel
environments and afteschool physical activity amongBL yearold children: specificity
of time and placelnternational Journal of Behavioral Nutrition and Physical Activity

201713(1):82.
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Abstract

Introduction: Physical Activity (PA) occurs in several behavioral domamsiorts,

active transport), and is affected by distinct enviroemtal factors. By filtering objective

W pe]l]vP Z]Jo & v[e * Z}}0o * Z po U JoC W % * % E § ]
meaningful domains. We used an ecological design to investigate associations between

"% 0 C ]o]3C_ kavibnm@idandcho E v[e } i 3]A oC uscheolE (8§ &
PA. We also examined to what extent distinct tiperiods afterschool and the distance

(E}u Z]Jo CE v[s E ¢] v S8} SZ]JE& » Z}}o Jv(op v SZ]e ¢} ] 8
Methods: PA was measured in 58718 yearold childrenby accelerometers, and

separated in four twehour time-periods afterschool. For each scheehvironment,

standardized playabilitgcores were calculated based on standardized audits within 800

meters network buffers around each school. Schools and chilfls G <] v « A &
geocoded, and we classified each child to be residing in 400, 800, 1600, or >1600 meters
crow-fly buffers from their school. The influence of netwatistance buffers was also

examined using the same approach.

Results Playability wasissociated with light PA and moderéatevigorous PA after

school, especially in the timgeriod directly afterschool and among children who lived

within 800 meters from their school. Playability explained approximately 30% of the after
school PAvariance A v « Z}}oeX '"E § & ]*8v (E}u Z]o E v[s E
school weakened the association between playability of the seBpeironments and

after-school PA.

ConclusionsThis study demonstrated that relationships between the conceptually

matched physical environment and PA can be revealed and made plausible with

increasing specificity in time and distance.
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Introduction

The short and longterm benefits of physical activity (PA) in children are well known. The

role of attributes of the physicalvA]E}vu v§ Jv & Pupo 3]}v }( Z]Jo €& v[s W
been given increasing attention in recent years, but results so far have been ¢hjxed

Although the use of objective measurements is preferred irrédted research involving

children €.g.by acelerometers), investigating relationships between PA and the physical
environment using objective measurements proves to be challen@ng

(]€*S Z 00 VP ]e o eeJvP Z]Jo & v[e A %}*pE S} 3§ ]o 0
environment. Researchers the disciplines of health sciences, urban planning, and leisure
studies all contribute to the development of measurements assessing these
environmental element$3). In general, three types of measurements can be identified,;
seltadministered surveys, stematically completed audits, and Gi&sed measure@t).

In terms of objective measurements, &i&ed measures may currently be more suitable
for assessing desigelated features of neighborhoods on a larger geographic scale.
Audits, in turn, may be nre suitable to assess qualities of environmental elements in
smallerscaled environmental settindd, 5) In studies investigating PA in children, audits
may thus be favorable in detecting (quality of) sns@idled environmental opportunities
that may poentially influence leisure time PA.{.attractiveness and quality of public
spaces or playgrounds). Recently, an instrument assessing detailed playground
characteristics using systematicperson audits of environments have been introduced

e "% 00TS C] ]6) HAnis index stems from the Environmental Assessment of Public
Recreational Spaces (EAPE$and assesses qualities of playgrotfedtures such as
facilities, aesthetics, proximity, and accessibility.

A second challenge when investigatietptionships between PA and the physical
environment stems from the paradigm that PA occurs in several conceptual dorains (
leisure, school, transport and homé-10). Investigating associations between the
environment and overall PA may lead toonsistencies, as different PA domains are
regulated by distinct environmental factof4). An example of domaiapecificity relates

8} Z]o & v[e * Z}}o ¢« Z po U AZ] Z o EP oc@ndthugdes 3Z |E % 3
environmental exposure during weekda@eparately investigating afteichool PA (ASPA)

Z 0%-<* S} Jv E < }HE pv E-+S v JopbcifizRA ad its[envijongnefal
attributes (2, 9, 1113). Studies using subjective measures of ASPA generally reported that
boys seemed to be more aet after school than giridl4, 15)and suggested a negative
influence of technologyelated sedentary activities on ASP, 16) The studies that

used objective measures generally indicated that ASPA contributed considerably to total
PA, that boys werandeed more active after schol7-27). More specifically, one study
reported that children do not compensate inactive days at school by increasing ASPA on a
weekly basi§28). Three studies reported on relationships between ASPA and objectively
audited katures of the environmen{22, 24, 26)Results generally revealed that time

outside resulted in B fold higher ASP@&6), but no associations were found between the
number and proximity of PAacilities / public open spaces / playgrounds in the
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envirorment (and their specific features such as lightning and trees) and ASPA in children
(22, 24) However in the audits of the studies above, no information was recorded about
the quality of these PAacilities €.g.attractiveness, maintenance status or age
appropriateness). This may be important, as other factors than actual distance to public
open spaces may determine the use of public open spaces or playgr{@hdz9)

An advantage of investigating ASPA is that when using exact scheibinesl|

relationships between ASPA and attributes of the sckerolironment can be investigated
with an equal startingpoint; both regarding timeopportunities and geographical location
for all children attending the same school. To even further improve our understanéling
this association, the ASPA tirperiod may be separated into even more precise time
segments after school bdiimes. For example, by theory, children are all optimally
exposed to the schoanvironment directly after school endsd. bell times) butto a
0« E ASVvS 0SS E]JvSZ (5 EVIIVX'E § E ]85 v -+ }
environment may attenuate relationships between playability and ASPA, because children
living further away may be more likely to engage in ASPA at placéd®ths school
environment under study.

Consequently, the present study used an ecological approach to investigate the
association between environmental playability and objectively measured ASRAlof 8
yearold children, using audits of scheahvironmers. In addition, we aimed to
demonstrate that with increasing specificity in time and distance, relationships between
schootenvironments and ASPA can be revealed and made plausible.

Methods

This investigation was embedded in a prospective study in théh8ast part of the
Netherlands, focusing on environmental attributes and PA in Dutch primary school
children. The design and protocol are described in detail elsew(3eAfter obtaining
parental informed consent, 815 sixth and seventh grade prirsaipol pupils from 21
schools participated in PA measurements and questionnaires for both one of the parents
and child. Data collection took place between thé'28 September and theslof

December 2012 and analyses were performed in 2015. The Medice$ Exbmmittee of

the Maastricht University Medical Center approved this study (reference number METC
12-4-077).

Measurements

After-School Physical Activity
ASPA was measured using ActiGraph GT3X+ accelerometers (30Hz) for five consecutive
days (ActiGraph,dhsacola, FL), defining nevear periods according to 60 minutes of
Jve uSJA 1 E}[- }E JvP 3§} (BIEAGtiwty mter @ity Tlags]fication was
« }v A ve}lv[e W3ZpP3nigipants were instructed to only remove the

Z]
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acceleroméer in waterrelated activities, so we explicitly instructed them to keep wearing
them during sportsactivities. We excluded measurements containing less than 250
minutes per day of registration time, for at least two weekdays. Although studies
investigatng wholeday PA patterns usually apply more stringent criteria for these
registration timeg33), we were only interested in a smaller part of the daily PA pattern
and therefore required less registration timé/eekend days and Wednesdays (because of
a shatened schoolschedule) were excludeéccelerometry was aggregated to hourly
averages, for each day of measurement. Using wearfifters, ASPA was filtered from

§}1S o W & P]SE S]}v sSjuuU =« v A 8§ e Z}}o[* 00 3]Ju X
four two-hour time periods: 1) directly afteschoolt16:00, 2) 16:0€.8:00, 3) 18:0¢20:00,
and 4) 20:0a22:00. All schools ended between 14:45 and 15:30. To ensure that these
time-periods represented hourly patterns, and are thus not influenced by spuRdus
spikes in children with limited periespecific weartimes, we only included accelerometer
data that consisted of at least 50% of the pergpkcific registration timei.. at least one
hour in a twehour registration periodj26, 27, 34)For the firstime period, we tailored

the percentage of periogpecific weartime based on individual school ‘tiefies.

Based on data from the Royal Dutch Meteorological Institute (KNMI), we also identified
meteorological circumstancesd. average temperature, avage duration of rainfall, and
average duration of sunshine per day) during measurentzys.

Playability

Playability of the schoanvironments was assessed by two trained researchers using the
SPACE observation instrumdBb, 36) within an 800 metersadius from each school,

while acknowledging natural barriers such as highways or canals. Fitésrbhstrument
audits PA friendliness of neighborhoods and assesses characteristics such as residential
density, playground characteristics, and traffic im&y, based on the Neighborhood
Environment Walkability Scale but modified to reflect the Dutch environmental context
(37, 38) Inter-rater agreement between the two researchers who audited school
environments was acceptable (Kappa = 0.P&yability wa operationalized by first
extracting items representing characteristics of playgrounds (excluding schoolyards)
within the 800 meters crom( 0 C L CE ( E X ESE 8§ A E 8Z %o CP
squared meters, accessibility (safely accessible verstisafely accessible), opening

hours (unlimited versus limited), maintenanstatus (poor versus good), number of
facilities €.g.climbingfacilities and soccer goals), and agggropriateness of these

facilities for 811 yearold children (none, partly,ral fully ageappropriate). Each

individual playgrounetharacteristic was summed and standardized based on equal
weights, to reflect one standardized score for each individual playground. Subsequently,
these scores were aggregated to a playability insexe for each schoe¢énvironment.

]*S§ v (E}u Z]Jo & v[s & ¢] v S8} SZ]E& - Z}}o
Since in the Netherlands a limited number of primary schools generally cover a small

E ¢] v8] o E U % & vS§][- ]*]}ve E P & JvP 8Z eddij}o }( §Z
the (close) distance from their residen(29, 40) Because of this vicinity to their school,
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children from the same school share large parts of their physical environment (Figure 1).
Therefore, these shared scheahvironments provide unique opportities for
investigating relationships between ASPA and the physical environment. Location of
e Z}}oe v E *%}v VvS[e E ] V cAE P}} U v A lu%ps
1600 meters crowly buffer around each school using ArcGIS (ESRI ArcGis DE8Rop
Redlands, CA). We subsequently classified each residence to be located 1) inside the 400
meters bufferarea, 2) outside 400, but inside 800 meters, 3) outside 800, but inside 1600
meters, 4) outside the 1600 meters buffer area. As cfigwdistancesnay be misleading
because of barriers in the environmemrt.§.highways or canals), we also computed
network-distance as the shortest network distance in meters via the street network from

Z Z]Jo[* & ¢] v S} SZ]E * Z}}0 pe]vhs ppRy), ald % ~'}}Po D
recoded distances in four categories. In order to keep sample sizes within categories
comparable with the crowily distance, we based categorization on equal frequency
distributions.

N

-
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& schools
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400 meters crow-fly distance
800 meters crow-fly distance
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2 ucch border
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Figure 1: Geographical location of included schoolspanticipant
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Statistical analyses

Our analyses were performed using SPSS 20.0 for Windows (IBM SPSS Inc., Armonk, NY),
andp<0.05 indicated statistical significance. Our dependent variable was the ASPA
performed in light and moderate to vigorous intensity each hourly timenterval of
measurement. Our primary independent variable was the combined playability index of

the different schookenvironments. We first described the percentages of light PA (LPA)

and moderateto-vigorous PAMIVPA) across four twhour time-periods after school, and
across four distancbuffers from schools usingnivariate analyses of variance (Table 1).

We performed multilevel linear mixed models in order to accdonthe time-dependent
structure of the data. We specified a raom intercept and slope for the hourly time

Jvd EA 0eU v & AJEZ]vV §Z % ](] & 8§ AZ] Z &E *+%}v v

commencedAnalyses were also adjusted for hourly weartime, average daily
temperature, daily duration of rainfall, and daily duiatiof sunshine per day. We
evaluated whether age and gender moderated the association between playability and
ASPA, but as we did not find moderation, we only adjusted for age and gender.

To investigate the influence of the four tinperiods and distanceategories on the
relationship between ASPA and playability, we entered the appropriate interaction terms
in our linear mixed model&Jsing dummycoded interactiorterms between distance
categories and the playability indescore, we were able to estimataain effects of
playability for each of the twdnour time periods, while still acknowledging the time
dependent structure with the random intercept and slofistancecategories were both
conceptualized as crofly and networkdistances. Finally, we alsepeated our analyses
now stratifying for the timeperiods and distanceategories simultaneously to investigate
their interactive influence (Table 4)

Results

In total, 587 children (74.2%) provided valid ASPA measurements, for two (44.8%) and
three (55.2%valid weekdays, respectively. The 280 participating boys and 307 girls were
aged 10.2 years on average (range 8 to 11 years) (Table 1). Across-pbtiogs, 27.9%

of the time afterschool was spent in LPA, which accumulated to 103.4 minutes per day
(SD=23.9). MVPA accounted for 7.7% of the afthiool time, accumulating to 28.4

minutes per day (SD=14.6). Daily percentages of LPA declined across the feur time
periods, while MVPA slightly declined after 16:00, but increased again after 18:00. Daily
percentages of LPA and MVPA were comparable across the distateggories (no
statistically significant differences in analysis of variance, data not shown).








































































