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Title

Efficacy of a free-play intervention to increase physical activity during childcare: a randomised

controlled trial

Abstract

The primary aim of this study was to assess the efficacy of a childcare based intervention in
increasing child physical activity by allowing children unrestricted access to outdoor areas for
free-play when structured activity is not taking place. A randomised controlled trial was
conducted in six childcare services. Intervention services provided children unrestricted
access outdoors for active free-play, while control services provided their usual scheduled
periods of outdoor play. Consent was obtained from 231 children. Child moderate to vigorous
activity (MVPA), the primary trial outcome, was assessed via accelerometer at baseline and 3
months post baseline. Intervention effects were examined using Generalised Linear Mixed
Models. Controlling for child age, gender and baseline outcome measure, at follow-up there
were no significant differences between groups in minutes of MVPA in-care (mean difference:
4.85; 95% CI: -3.96, 13.66; p=0.28), proportion of wear time in-care spent in MVPA (mean
difference: 1.52%; 95% CI: -0.50, 3.53; p=0.14) or total physical activity in-care (mean
difference in counts per minute: 23.18; 95% CI -4.26, 50.61; p=0.10), nor on measures of child
cognition (p=0.45-0.91). It was concluded that interventions addressing multiple aspects of
the childcare and home environment might provide the greatest potential to improve child

physical activity.
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Introduction
In young children, adequate physical activity has been shown to be associated with healthy

weight, bone and skeletal health, motor skill development and improved psychosocial
wellbeing [1, 2]. Research also suggests that physical activity may improve child cognitive
development. For example a recent study found preschool children that were adherent to the
recommendations of the Australian 24-hour movement guidelines performed better on tests
of emotional understanding [3]. As such, promoting physical activity in early childhood is
recommended to support child health [4]. Centre-based childcare services have a particularly
important role to play in providing opportunities for child activity, as in developed countries,
childcare services provide access to a large proportion of this population for extended periods
[5]. Furthermore, accreditation processes and best practice guidelines for the childcare sector

recommend services create environments that are supportive of child physical activity [6].

Evidence for the effectiveness of interventions, which focus on building the capacity of
childcare service staff to implement structured physical activities with children, is equivocal
[7]. Modifying opportunities for children to engage in unstructured outdoor free-play, however,
has been suggested as a promising opportunity to improve child physical activity [8]. In many
childcare services, opportunities for children to engage in outdoor free-play is restricted to
scheduled periods during the day [9]. A recent randomised trial found that increasing the
number of scheduled periods children are allowed outdoors to play can significantly improve
child moderate-to-vigorous physical activity (MVPA) while in care [10]. A likely explanation for
these findings is provided by epidemiological studies demonstrating that children’s activity
during care is characterised by short, intense bouts of activity of between 3-15 minutes during

the start of outdoor play periods [11-14].

Allowing children to move freely between indoor and outdoor areas of childcare may support
them to more frequently use outdoor spaces and so benefit from more frequent bouts of

physically active play. In Australia, such a model of childcare operation is consistent with



national quality standards for the sector that encourage childcare services to allow children
flexible use of outdoor spaces when not undertaking a structured activity [6]. Despite this policy
alignment and the potential to improve child physical activity, a recent systematic review
identified no previous trials examining the impact of providing such access to outdoor

environments for children [7].

In this context, the primary aim of this exploratory study was to assess the efficacy of a
childcare based intervention in increasing child physical activity by allowing children access to
outdoor areas for free-play when a structured activity is not taking place. The primary outcome
of the trial was child MVPA while in care. Secondary outcomes included the proportion of time

children spent in MVPA in care, total child physical activity in care, and child cognitive function.

Methods

The trial was prospectively registered with the Australian New Zealand Clinical Trials Registry
(reference ACTRN12616001008415). Ethical approval to conduct the study was obtained
from the Hunter New England (reference 15/11/18/4.03) and the University of Newcastle
(reference H-2016-0088) Human Research Ethics Committees. The research is reported in

accordance with the requirements of the CONSORT Statement for cluster trials [15].

Design and setting
An exploratory parallel arm, cluster randomised controlled trial was conducted in six centre-
based childcare services in the Hunter region of New South Wales, Australia from August to

December 2016.

Participant eligibility and recruitment procedures

Childcare services



To be eligible to participate in the trial, centre-based childcare services (defined as long day
care services or preschools) were required to have an enrolment of at least 25 children aged
between 3 to 6 years, be located within the Hunter region of New South Wales, Australia, and
provide scheduled periods of outdoor play for children. Childcare services catering solely for
special needs populations, or those participating in other physical activity interventions were
excluded from participating in the trial. Service managers from a convenience sample of 73
childcare services across the study region were sent study information prior to telephone
contact to assess eligibility and to invite study participation among eligible services.

Recruitment continued until six eligible services consented to participate.

Children and parents

Informed parental consent was required for participation in the data collection component of
the study. Children were eligible to participate if they were aged between three and six years
and attended childcare between 9 am and 3 pm on one or more days per week. Children with
an intellectual or physical impairment that may have impacted on their physical activity
capacity or prevented them from complying with data collection protocols were excluded.
Parents were invited to provide consent for: i) their child to wear an accelerometer on each
day of attendance at childcare (from arrival to 3 pm) over one week (to assess the primary
trial outcome) ; ii) their child to wear an additional accelerometer outside of care hours (e.g. at
home) over one week (to assess if any increases in child activity at care were displaced during
out of care hours); iii) their child to complete an assessment of cognitive function; and iv) their

own participation in a computer-assisted telephone interview.

Parents were recruited using evidenced-based strategies recommended to increase child
research participation in education settings and previously applied in the childcare setting by
the research team [16-19]. Specifically, i) study information and consent forms, including
institutional logos and a contact number for more information, were distributed to parents via

the childcare service; ii) recruitment packs were also handed directly to parents during child



drop off or pick up from the services during which time research staff could respond to
questions or concerns regarding participation; iii) reminder letters were sent to parents
approximately 1-2 weeks after initial information packs were distributed; and iv) study co-

ordinator was employed to monitor recruitment rates and oversee recruitment strategies.

Randomisation and allocation

Following the completion of baseline data collection, childcare services were randomly
allocated via a block randomisation procedure to either the intervention or control condition by
an independent statistician using a random number function in a 1:1 (intervention: control)
ratio. Randomisation of services was stratified by the socioeconomic status of the area where
the service was located based on evidence of an association between service locality and

service physical activity policies and practices [20]. Services were not blind to study allocation.

Intervention group

Within a six-hour day (9 am-3 pm), intervention services provided unrestricted access to
outdoor areas of the service, to allow children the opportunity to engage in active free-play.
The only time when an opportunity for outdoor free-play was not available for children was
when structured indoor or outdoor activities were scheduled (for example, structured physical
activity, circle time, meal time, rest time or indoor-seated learning activity time). At all other
times, children were free to move between indoors and outdoors areas as they wished. All
other service activities remained unchanged. Intervention services were provided with access
to an early childhood education specialist if they required support or advice to make changes
to their operations to implement the intervention and were visited prior to the day of data

collection to ensure that the intervention had been implemented.

Control group
Participating services randomised to the control group continued with their usual scheduled

periods of outdoor free-play for children.



Data collection and measures
Baseline data collection occurred between August and September 2016. Follow-up data
collection occurred approximately three months post-baseline between November and

December 2016.

Service characteristics

At baseline, a telephone interview was conducted with participating service managers to
assess: service days and hours of operation; type of service (pre-school or long day care
service); postcode; number of three to six year old children enrolled; and years the service
had been in operation. The items used to assess service characteristics have been used in
other Australian surveys of childcare services conducted by the research team [21, 22] and
are intended to provide contextual information to assess the external validity of the study

findings.

Child and parent characteristics

At baseline, parents provided information on their child’s age, sex, residential postcode, and
usual number of days per week attending childcare on the child consent form. Consenting
parents also completed a computer-assisted telephone interview to collect parent
demographic information using items from the New South Wales Population Health Survey

[23]. Such data were used to describe the trial sample, and undertake sub-group analyses.

Primary trial outcome: Minutes of MVPA in care

The primary trial outcome was the number of minutes children spent in MVPA from the time
that children arrived at care until 3 pm across one week (five days). MVPA was assessed
using Actigraph GT3X+ accelerometers using recommended cut-points [24] and used data for
each day a child attended care (ranging from one to five days). Accelerometers were worn by

the children during the core hours of service operation (from arrival through to 3 pm).



Accelerometer data were collected every day for one week (five days in total) of the data
collection period at baseline and follow-up. Two trained data collectors attended services to
fit and collect accelerometers. Accelerometers were placed above the iliac crest at the hip of
each child using an elasticised band and were fitted as they arrived at the childcare service,
and removed at 3 pm (or earlier if the child departed the service). Assenting children wore an
accelerometer each day (up to five days) that they attended at childcare. While not a trial
outcome, for descriptive purposes, among all parents consenting for their children to wear a
second accelerometer at home, physical activity outside of care was assessed to examine any
potential compensatory intervention effects in children’s physical activity period on the days
that children attended care. These children had their ‘in care’ accelerometer removed at 3 pm
on each day of attendance (or earlier if they departed the service for the day), but continued

to wear the ‘out of care’ accelerometer.

Secondary trial outcomes
Proportion of time spent in MVPA in care (% MVPA)

The proportion of time children spent in MVPA in care was assessed, adjusted for wear time.

Total child activity in care (counts per minute)
Total child activity in care, assessed via counts per minute collected in 5-second epochs [25]
was also included as a secondary outcome. Counts per minute were calculated from the total

activity counts recorded divided by the total time the accelerometer was worn.

Other physical activity measures

Total minutes of physical activity in care; total minutes engaged in activity at various intensities
(vigorous, moderate, light activity) as well as time spent sedentary were also assessed. Cut
points described by Pate [24] were used to classify physical activity intensities and periods of
sedentary behaviour. These measures were included for descriptive purposes, are not trial

outcomes, and were not prospectively registered.



Child cognitive function

Child cognitive function was measured using three tests from the validated Early Years
Toolbox that uses games to assess inhibition, visual-spatial working memory, and cognitive
flexibility/shifting [26]. The tests were delivered via iPad-based games with built-in verbal
instructions for children. Specifically the Early Years Toolbox ‘Go/No-Go’ task evaluated the
ability to inhibit a dominant behavioural response in response to a less frequently presented
‘no-go’ stimulus; the ‘Mr Ant’ task assessed visual-spatial working memory, or the amount of
visual information that concurrently can be activated in the mind; and a card sorting task was
used to measure children’s ability to disengage and re-direct attention. Data collectors
administered the three tests to children once during their attendance at childcare on the days
of field data collection. Data collectors ensured that the child understood the instructions for
each test and gave clarification where needed. Tests were conducted in a quiet private

location.

Service free-play schedule and physical activity policies, practices and environment

At baseline and follow-up, observations at childcare services were conducted by trained data
collectors (not blind to group allocation) across one week (five days) to record the duration,
timing and frequency of indoor and outdoor free-play, to i) assess the degree to which
intervention and control services were implementing a free-play schedule that adhered to the
study protocol; and ii) identify other changes in potential prognostic factors to aid interpretation
of trial findings. Data collectors also gathered information regarding the childcare service
physical activity policies, practices and environment using a modified version of the validated
Environment and Policy Assessment and Observation instrument (EPAQ) [27]. Information on
minimum and maximum daily temperatures was obtained from the local meteorological bureau
website [28] and daily UV index retrieved from the Australian Radiation Protection and Nuclear

Safety Agency website [29]. Such factors have been associated with child physical activity in



care [30, 31] and have been included to aid the interpretation of trial findings and to provide

contextual information to enable assessments of broader generalisability.

Statistical analyses
All statistical analyses were performed using SAS (version 9.3) statistical software. All

statistical tests were two tailed with an alpha value of 0.05.

Descriptive statistics were used to describe the service, child, and parent characteristics of
intervention and control group participants at baseline. Service socioeconomic characteristics
were determined using service postcodes, which were classified as being in the top or bottom
50% of New South Wales according to the Socio-economic Indices for Areas (SEIFA) [32].
Geographic characteristics of the service locality were classified as either urban or rural

according to the Australian Statistical Geography Standard [33].

Minutes of MVPA were determined using age-specific child-validated equations (cut points)
[24]. Accelerometer data were cleaned using Meterplus software, with 20 minutes of
consecutive zero minutes classified as non-wear time. The valid wear time for children when
attending childcare was classified as at least 50% of wear time during the childcare day. Days

classified as invalid were removed from the dataset.

Generalised Linear Mixed Models (GLMM), to take account of the clustering of individual
children within services, were used under an intention to treat framework to test for a difference
in mean minutes of MVPA between groups over time. The GLMM included terms for group
(intervention or control), and the interaction of group and time, and controlled for child age and
sex and baseline outcome value (for the primary outcome this was MVPA). The same
approach was used to test for a difference between groups over time in the proportion of time
children spent in MVPA in care (adjusted for wear time) and total child physical activity in care

(assessed via counts per minute collected in 5 second epochs in care) and other child physical



activity measures. Analysis was performed using all available (complete case analysis) data
as well as an analysis using multiple imputation for missing data. Multiple imputation was
performed on missing values at either baseline or follow-up using the MI Procedure in SAS
[34]. Any compensatory behaviour in activity occurring outside care changes between groups
in mean minutes of MVPA was assessed using all available valid data. Subgroup analysis for
the primary trial outcome was undertaken for age, sex, and baseline physical activity levels
(classified as higher or lower based on the median MVPA value of children at baseline). Child
cognitive function was also analysed using GLMM, adjusting the clustering of individual
children within services, the baseline value of the outcome, and controlled for child age and

SexX.

Results
Sample

Figure 1 shows the participation of services, children, and parents throughout the trial. Six
service managers consented for their service to participate in the study. Of the 350 eligible
children, consent was obtained for: i) 231 (66.0%) to wear an accelerometer on each day of
attendance at childcare; ii) 128 (36.6%) to wear an additional accelerometer outside of care
hours; and iii) 231 (66.0%) to complete an assessment of cognitive function. Trial outcome
data was not collected during periods of inclement weather. As such, data was collected for
14 of the 15 days planned (5 days per service) within control services and 14 of 15 days
among intervention services at baseline. At follow-up data was collected for 14 of 15 days
within control services and 13 of 15 days within intervention services. Of the 221 eligible
parents, 165 (74.7%) provided consent to participate in the computer-assisted telephone
interview. For the primary trial outcome (minutes of MVPA in care), 206 children (89.2%)

provided valid accelerometer data at baseline and 174 (75.3%) at follow-up.

Service, child, and parent characteristics



For most characteristics, baseline service, child, and parent characteristics by intervention and
control group were similar suggesting baseline equivalence was achieved via randomisation
for most characteristics. All services were open five days, and five of the six services were
located in urban localities. Only one service was located in a rural area, and was allocated to
the intervention group. The proportion of boys in the sample ranged from 52-61% between
intervention and control groups, the mean age ranged from 4.0 — 4.1 years, and body mass
index ranged from 16.1 to 16.3. In both groups, 44% of children were meeting physical activity
guideline recommendations at baseline. However, children in the intervention group appeared
more likely to be from higher income households (68% versus 46%) and have a parent with a

University qualification (43% versus 25%) (Table 1).

Primary trial outcome: Minutes spent in MVPA in care

Adjusted differences in changes over time in child physical activity outcomes between groups
are shown in Table 2. In both groups, mean minutes of MVPA reduced over time from baseline
to follow-up. Analyses utilising complete case showed a mean difference of MVPA in care of
5.63 minutes (95% CI -8.25, 19.52; p=0.32) between groups, an effect that was non-
significant. Multiple imputation for missing data found that, controlling for child age, gender
and baseline values of the outcome measure, child minutes of MVPA at follow-up also did not
differ significantly between groups (mean difference: 4.85; 95% CI -3.96, 13.66; p=0.28; ICC

0.069).

Among children with valid accelerometer data during the out of care period, children attending
intervention services had lower mean minutes of MVPA during the out-of-care period on
childcare days than children attending control services (adjusted difference between groups -

3.72; 95% CI -18.82, 11.38; p=0.53); however this difference was non-significant.

There were no significant subgroup interactions for the primary trial outcome by child sex, or

baseline physical activity levels (Table 3). For the age specific analyses, the difference was



significant for 3 year olds compared to 5 year olds (adjusted mean minutes between

subgroups -14.96; 95% Cl -29.9, 0.01; p=0.05).

Secondary trial outcomes

Proportion of time spent in MVPA in care and total child activity in care (counts per
minute)

Controlling for child age, gender and baseline values of the outcome measure, at follow-up,
there were no significant differences in between groups on any of the trial secondary outcomes
assessed using complete case or multiple imputation analyses. There was a non-significant
1.52 percentage increase (95% CI -0.50, 3.53; p=0.14,) in the proportion of wear time in care
spent in MVPA for children attending intervention relative to control services at follow-up in
multiple imputation analyses (Table 2). Similarly, measures of total physical activity (counts
per minute) in care was also higher among children attending intervention relative to control
services (mean difference in counts per minute: 23.18; 95% Cl-4.26, 50.61; p=0.10) at follow-

up in multiple imputation analyses, however the difference was not significant.

Other outcome measures

Controlling for baseline measure, child age, and gender there were no significant differences
in change over time between groups at follow-up in the mean minutes children spent in care
in vigorous, moderate, or light activity, or the time they spent sedentary (Table 2). In both
groups, however, such measures of physical activity tended to decrease over time while

sedentary tie increased slightly between baseline and follow-up.

Child cognitive function

Controlling for child age, gender and baseline values of the outcome measure, there were no
significant differences between groups at follow-up in any measure of child cognition including
inhibition, visual spatial working memory and cognitive flexibility/shifting (p=0.45-0.91) (Table

4).



Service free-play schedule and physical activity policies, practices and environment

Overall, change over time in most measures of childcare physical activity policy, practice and
environments were similar across both intervention and control groups during the study period.
There were reductions in the mean number of times per day staff prompted to initiate child
activity, (baseline: 7.3; follow-up 3.0) and provided positive statements about physical activity
(baseline 8.0; follow-up 2.0) in the intervention group while the control group remained stable
on these measures between baseline and follow-up (Table 5). Mean minutes of television
viewing also increased in the intervention group (baseline 0.30; follow-up 10.56) and increased

slightly in the control (baseline 0.17; follow-up 3.47).

Discussion
This is the first randomised trial to examine the impact on child physical activity of childcare

service scheduling that allows children unrestricted access to outdoor areas across the day
for free-play when structured activities are not taking place. The trial did not find statistically
significant changes between groups in child MVPA levels or other secondary trial outcomes
following the intervention. The findings suggest that additional intervention strategies may be

required to achieve significant improvements in children’s physical activity in this setting.

While non-significant, the effect size of the intervention in this study (approximately 5 minutes
of MVPA over 6 hours) appeared lower than reported in the SPACE randomised trial where
child MVPA improved by 1.28 minutes/hour following an eight week intervention incorporating
the provision of four 30 minute opportunities for children to engage in outdoor free-play,
portable play equipment and staff training in physical activity promotion [10]. Simply allowing
children unrestricted access to either indoor or outdoor areas may not encourage active
outdoor play among children who prefer indoor activities. If that is the case, having repeated

set periods of outdoor free-play may be more efficacious in supporting MVPA by ensuring all



children are regularly exposed to outdoor space for activity play. Nonetheless, more
comprehensive interventions in childcare that combine structured interventions with
modifications to child opportunities to engage in free-play or that also target other
environments influential to child activity, such as the home, may be required to achieve large

shifts in population physical activity levels.

An alternative explanation for the findings is that a change in outdoor play opportunities may
have adversely modified staff behaviours. Process data, for example, suggested that there
were reductions in educator prompts and positive statements about child physical activity in
the intervention group at follow-up compared with baseline, while such staff actions appeared
relatively stable in the control group. As childcare service staff consistently report a lack of
time and competing service priorities as barriers to engaging children in physical activity [35]
such data may suggest that without set periods for outdoor free play programmed throughout
the day, staff attention may be drawn from a focus on child physical activity during that time to
other roles or responsibilities. As prompts and positive statements have been positively
associated with child activity in childcare [36, 37], their relative reduction within interventions
services may have reduced the potential impact of the intervention. Future studies should
implement strategies such as the use of environmental stimuli and reminders for staff to

facilitate child activity to mitigate this risk.

A number of studies have reported an association between child physical activity and cognitive
function [3, 38, 39]. The findings of this trial found no meaningful between group differences
on measures of child cognition. The intervention, however, did not significantly improve child
activity, the hypothesised mechanism by which cognitive improvements would be facilitated.
The brevity of the intervention period in the current study is also unlikely to have provided
sufficient latency for physical activity mediated changes in child cognition. On measures of
MVPA, the primary trial outcome, the study found some indication that the intervention may

have a differential impact by subgroups including child age and sex. Previous research [40]



suggests that opportunity for outdoor play is particularly influential on the physical activity of
boys [41-43], and on older children [37, 44, 45], and effect, which is suggested (although not
significant for sex) by the magnitude of the non-significant subgroup interactions reported in
this study. Future research to identify strategies that do not exacerbate physical activity

differences between these groups in childcare are required.

The trial methods employed were rigorous, and included random assignment, the use of
objective measures of physical activity outcomes in care, the inclusion of measures of physical
activity outside of care to enable an assessment of any potential compensatory changes in
physical activity occurring during this period, as well as prospective trial registration.
Nonetheless, the trial findings need to be considered in the context of a number of limitations.
Most importantly, the trial was an exploratory study and was not adequately powered to detect
clinically meaningful changes in the primary trial outcome. Post hoc power analysis suggests
that, with the same intra-class correlation (0.069), a standard deviation of 21 min/day, and an
average of 34.33 children per service, a sample size of 22 services per group (1510 children
in total) would have been required for the effect size found in this study (5.6 minutes) to reach
statistical significance, with 80% power and alpha of 0.05. The study effect sizes, intra-class
correlation, and retention rates provide important information for trialists to use to adequately
power future trials examining similar interventions. The low participation rate also suggests
that future studies employ more rigorous recruitment strategies to improve study participation
and external validity of trial findings. The study was also conducted over a short time period
in one region of Australia, which introduced seasonal differences in the baseline, and follow-
up periods. The within group reductions in physical activity and the small increases in
sedentary time observed in both groups over time is likely the result of follow-up data collection
occurring during the summer months where hotter ambient temperatures may hinder
physically active play. Future studies conducted in different jurisdictions, with different

climates and operational contexts, and which track child activity over extended periods of



follow-up to assess longer-term effects would also address important evidence gaps not dealt

with in this study.

Conclusion
Improving child physical activity through childcare setting-based interventions has proven a

considerable challenge to-date. Changing the childcare operational procedures and
scheduling to allow children unrestricted access to outdoor areas to engage in free-play did
not significantly improve child physical activity during care in this trial. Comprehensive
interventions that address multiple aspects of the childcare and home environment may

provide the greatest potential to improve child physical activity in this setting.
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Table 1: Baseline child, parent, and service characteristics

Intervention | Control

Child characteristics
Number of children*® 101 105
Boys (n, %) 54, 52.4% 65, 60.8%
Age of child (mean, SD years) 4.0,0.7 41,07
Days per week attending childcare (mean, SD) 2.50, 0.96 2.55,1.05
Country of birth - Australia (n, %) ** 58, 95.1% 61, 100%
BMI (kg/m?)** 16.1,2.3 16.3, 2.6
Parent characteristics
Number of parents*** 61 61
Mother (n, %) 49, 80.3% 52, 85.3%
Age 30-39 years (n, %) 31, 50.8% 40, 65.6%
University qualification (n, %) 26, 42.6% 15, 24.6%
Married or living in a relationship (n, %) 53, 86.9% 47, 78.3%
Household income >$80,000 per year (n, %) 40, 67.8% 28, 45.9%
Country of birth — Australia (n, %) 52, 85.3% 56, 91.8%
Usua!l phys_ic_al ac_tivity (n, % meeting national 27. 44.3% 27, 44.3%
physical activity guidelines)
Service characteristics
Number of services 3 3
Service operates 5 days per week (n, %) 3, 100% 3, 100%
Hours of operation (mean, SD) 98,13 10.5, 1.3
gBTber of 3-6 year old children enrolled (mean, 66.3, 1.5 60.7,27.5
Type of service (n, %)

Pre-school 2,66.7% 1, 33.3%

Long day care service 1, 33.3% 2,66.7%
Service geographical location (n, %)

Urban 2,66.7 3,100

Rural 1, 33.3 0
Service socio-economic area (n, %)

Top 50% of New South Wales 1, 33.3 1, 33.3

Bottom 50% of New South Wales 2,66.7 2,66.7

*All children who had valid in care accelerometer data at baseline

**Denominator is children who had valid in care accelerometer data at baseline and had a
parent complete the baseline computer-assisted telephone interview
***Parents (only one) of children who had valid in care accelerometer data at baseline



Table 2: Changes in daily physical activity outcomes between groups from baseline to 3-month follow-up

Intervention-Control

Intervention-Control

[T Control Complete case Multiple imputation
Baseline Follow-u Baseline Follow-u Adjusted difference Adjusted difference
n=101 n=89 P n=105 n=97 P between groups p-value | between groups p-value
(95% CI) (95% CI)
Primary trial outcome
Minutes of physical activity in care (mean, SD)
Moderate-to-vigorous 62.23
physical activity (22.12) 58.34 (21.69) | 53.14 (20.71) | 47.32 (18.76) | 5.64 (-8.25, 19.52) 0.32 4.85 (-3.96, 13.66) | 0.28
Secondary trial outcomes
Total minutes of physical activity in care (mean, SD)
Total physical activity in | 123.52 109.39 10.16 (-11.98, i
care (32.95) 117.87 (33.06) (33.35) 99.99 (30.69) 32.29) 0.27 8.58 (-5.60, 22.76) | 0.24
Percentage of wear time in care spent in moderate-to-vigorous physical activity (%, SD)
% moderate-to-
vigorous physical 17.19 (5.63) | 16.19 (5.59) 15.84 (5.17) | 13.62 (4.67) 1.51 (-1.57, 4.60) 0.25 1.52 (-0.50, 3.53) 0.14
activity
Counts per minute in care (mean, SD)
. 208.71 183.50 26.75 (-16.09, 23.18 (-4.26,
Counts per minute (67.42) 204.41 (68.27) (68.46) 165.53 (59.82) 69.59) 0.16 50.61) 0.10
Other measures*
Vigorous physical 23.96 ) i
activity (11.42) 22.76 (10.94) | 19.65 (10.21) | 17.62 (9.59) 2.56 (-4.18, 9.29) 0.35 2.30 (-1.94, 6.54) 0.29
Moderate physical 38.28
activity (11.86) 35.59 (11.63) | 33.49 (11.65) | 29.71 (10.01) | 3.49 (-4.11, 11.09) 0.27 2.89 (-2.03, 7.82) 0.25
Light physical activity ?11?;2298) 59.52 (13.10) | 56.25 (14.78) | 52.66 (13.59) | 5.01 (-3.84, 13.86) 0.19 4.21(-1.71,10.12) | 0.16
. 237.63 225.39
Sedentary time (40.56) 241.23 (40.98) (50.18) 243.26 (41.57) | -4.66 (-24.95, 15.63) | 0.56 -4.88 (-19.36, 9.59) | 0.51

* Included for context only and are not prospectively registered trial outcomes




Table 3: Changes in physical activity between groups from baseline to 3-month follow-up by subgroup (age, sex, and baseline physical

activity)
Intervention Control Intervention-Control
B . . Adjusted difference
aseline Follow-up Baseline Follow-up between rouos | p-value
n=101 n=87 n=105 n=93 (059% ) groups | p
Minutes of moderate-to-vigorous physical activity in care (mean, SD)
3 years 55.87 (19.63) | 50.66 (17.23) | 44.08 (16.84) | 50.59 (15.45) | -14.96 (-29.9, 0.01) | 0.05
Age 4 years 64.30 (23.23) | 62.07 (23.84) | 54.89 (22.50) | 46.33 (19.98) | 3.12(-9.32, 15.56) 0.58
5 years* 64.57 (21.38) | 56.02 (16.45) | 58.48 (18.79) | 46.66 (19.75)
Males 70.81 (19.36) | 67.27 (19.64) | 59.75 (21.30) | 51.71 (21.30) i
Sex Females* 53.13 (21.37) | 48.34 (19.56) | 43.24 (15.31) | 41.07 (12.10) 5.93 (-6.82, 18.68) 0.27
Baseline physical Higher 74.96 (15.29) | 65.23 (20.02) | 70.99 (14.44) | 57.65 (21.15) i
activity Lower* 37.25(10.13) | 38.17 (12.18) | 39.19 (9.40) | 43.62 (20.94) | 28 (-10.26,15.61) | 0.60

*Denotes subgroup level used as a reference for the interaction estimate




Table 4: Changes in child cognitive function between groups from baseline to 3-month

follow-up
Intervention Control Intervention-Control
Adjusted
Baseline Follow-up | Baseline Follow-up glﬁerence p-value
etween groups
(95% CI)
Inhibition (mean, 0.66 0.53 0.61
SD) 0.57 (0.20) (0.22) (0.22) (0.21) -0.02 (-0.22, 0.06) | 0.45
Visual-spatial
working memory | 1.68 (0.92) (1(')8826) (165875) (1675?1) -0.02 (-0.36, 0.33) | 0.91
(mean, SD) ' ' '
Cognitive
o - 7.33 6.96 7.43
flexibility/ shifting 5.95 (3.61) -0.26 (-1.68, 1.15) | 0.63
(mean, SD) (3.25) (2.95) (3.29)




Table 5: Changes in service free-play schedule and physical activity policies, practices

and environment between groups from baseline to 3-month follow-up

Intervention Control
Baseline EOHOW_ Baseline Follow-up
n=3 n23 n=3 n=3
Staff delivery Total occasions (mean, 0.88
of structured SD) 1.1 (1.6) (1.4) 1.2(1.2) 1.32 (1.3)
physical . 24.38 23.43 17.36 19.77
activity Total minutes (mean, SD) | (14 4 (18.2) | (14.8) (10.1)
Staff delivery | Total occasions (mean,
of fundamental | SD) 1.0 0 1.0 0
movement skill
development | Total minutes (mean, SD) | 9.0 (1.73) |0 7325 |0
activities
Number of times staff
participated in physical 6.7 (1.2) 50(1.4) | 3.0 2.0
activity (mean, SD)
itsgerlloilmeg of Number of times staff
physical prompted tr? '”.'t'a}te o 7308 |30 2729 |250(2.1)
activity and mcreaseS B ysical activity
delivery of (mean, ).
verbal prompts Numl(;er(‘jof th:g s staff
provided positive
statements about physical 8.0 (1.7) 2.0(1.4) | 2.7 (0.6) 3.0 (2.8)
activity (mean, SD)
Total minutes of television 10.56 3.47
Small soren | ViEWing (mean, SD) 030(1.0) | 4549y |01700.7) | 454
recreation and Services with any
. observed seated time
sedentary time exceeding 30 minutes (, 14(7 3.7) | 10(58.8) | 11 (61.1) 17 (89.5)
OA))
Number of portable
physical activity 0.67 1.33 1.67 3.00
: equipment items indoors (1.2) (0.58) (1.15) (1.00)
Ph I
act)i/\?ilt(;/a (mean, SD)
equibment Number of portable
quip physical activity 9.00 9.00 8.67 9.33
equipment items outdoors | (1.0) (1.0) (0.6) (0.6)
(mean, SD)
Services with written
Policy physical activity policy (n, | 1(33.3) 2(66.7) | 2(66.7) 2 (66.7)
OA))
Playground %‘éfr‘;‘;’rsp'iﬁézurr‘gezﬁe 52291 | 50158 |399.90 |398.54
size SD) 9 ’ ’ (91.9) (193.0) (112.6) (109.6)
Minimum temperature
; 10.33 17.83 15.32
(Sdg)grees Celsius, mean, (3.2) 2.7) 8.16 (3.5) (2.4)
Weather Maximum temperature
. 21.72 29.95 31.41
degrees Celsius, mean, 23.53 (1.8
Sof (3.1) (4.4) (18) ] 4.9)




UV index (mean, SD)

4.74 (0.9)

9.82
(0.9)

5.22 (0.9)

9.58 (0.6)




	Wolfenden_2019_Efficacy.pdf
	Title
	Abstract
	Introduction
	Methods
	Results
	Discussion
	Conclusion


