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Quantitative Research

Prospective Associations Between Play
Environments and Pediatric Obesity

Caroline Fitzpatrick, PhD1,2,3, Stephanie Alexander, PhD4,
Melanie Henderson, PhD5,6, and Tracie A. Barnett, PhD6,7

Abstract

Purpose: To identify school typologies based on the availability of play equipment and installations. We also examined the
associations between availability of play items and child adiposity.

Design: Secondary analysis of longitudinal data.

Setting: Elementary schools in Montreal, Canada.

Participants: We used data from the Quebec Adipose and Lifestyle Investigation in Youth study (QUALITY), an ongoing
investigation of the natural history of obesity and type 2 diabetes in Quebec children of Caucasian descent.

Measures: The presence of play items was assessed in each child’s school. A trained nurse directly assessed child anthropometric
measurements to derive body mass index and waist circumference. Body fat composition was measured using DEXA Prodigy
Bone Densitometer System.

Analyses: The final analytic sample comprised 512 students clustered in 296 schools (81% response). We used K-cluster analyses
to identify school typologies based on the variety of play items on school grounds. Generalized estimation equations were used to
estimate associations between school clusters and outcomes.

Results: We identified 4 distinct school typologies. Children in schools with the most varied indoor play environments had lower
overall body fat, B¼�1.26 cm (95% confidence interval [CI],�2.28 to�0.24 cm), and smaller waist circumference, B¼�4.42 cm
(95% CI, �7.88 to �0.96 cm), compared to children with the least varied indoor play environment.

Conclusion: Our results suggest that policies regulating the availability of play items in schools may enrich comprehensive
school-based obesity prevention strategies. Extending research in this area to diverse populations is warranted.
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Purpose

According to Active Healthy Kids Canada (2012), active play is

fun, freely chosen, self-directed, and spontaneous.1 This form of

play can be distinguished by its vigor and generally involves

greater energy expenditure than play but less energy expenditure

than exercise.2 Active play has recently caught the attention of

public health scholars as a promising strategy for promoting

children’s well-being.3 Indeed, some believe that active play can

contribute to cardiovascular health and fitness, motor skills, and

bone and muscle development in childhood and adolescence.3

Children engage in far less active play today than in previ-

ous decades.4-6 This trend is likely to reflect children’s unpre-

cedented access to traditional (televisions, computers) and new

(tablets, smart phones) forms of media technology.7 However,

increased demands of formal schooling, parental concerns over

child safety from injuries, and the decreased availability of play

spaces in children’s environments are also believed to have

contributed to play disappearing from children’s lives.1,8

Disadvantaged children may receive fewer opportunities to

engage in active play.9,10 One reason for these disparities may

be a perceived lack of neighborhood safety by parents.11 Some
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parents appear to be less likely to engage in active outdoor play

with daughters. For example, the authors of one study using a

nationally representative sample of American families found

that parents were 16% less likely to encourage girls to play

outdoors than boys.12

Differences in the active play environments of

center-based child care have also been noted.13 Bower and

colleagues found that preschoolers who attended daycares

with greater availability of play installations (climbing

structures, swing set) and equipment (jumping rope, hula

hoop) were engaged in more moderate to vigorous physical

activity (MVPA). These children also spent significantly

less time sedentary.

Relatively simple interventions can increase active play. In

one study,14 intervention schools were equipped with play

equipment (such as diabolos or juggling pins) that could be

used during recess and lunch. Control schools did not receive

additional equipment. No training was provided to teachers in

either condition. Assessments conducted 3 months after the

introduction of the play equipment showed that children in the

intervention group had increased the total proportion of time

they spent engaged in moderate physical activity during recess

and lunch breaks from 48% to 61%.

Providing children with greater and more diverse active

play opportunities in school settings is a particularly

appealing health promotion initiative. Foremost, almost all

children spend a large proportion of their waking hours at

school. In addition, active play is by definition intrinsi-

cally motivated and fun for children. Offering students

an environment that is conducive to active play as opposed

to more competitive forms of physical activity may there-

fore help promote fitness and well-being in children who

tend to avoid other forms of physical activity, due to their

perceived lack of athletic ability. As a result, improving

the quality of play environments may be a particularly

effective option for targeting hard-to-reach children.

Finally, unlike structured physical activity, teachers and

educators do not require extensive training to facilitate

active play with children.

Children are not all exposed to the same types of play envir-

onments at school. Some schools may offer a greater variety of

indoor installations and equipment, while others may provide a

greater variety of outdoor items. Both indoor and outdoor play

equipment are likely to promote child health. Their combined

contribution remains unclear, however.

Furthermore, there is evidence that engaging in MVPA is

associated with reduced adiposity and improved metabolic

health.15 However, it is unknown whether providing children

with opportunities to engage in active play specifically pro-

motes cardiometabolic health independently of overall MVPA.

That is, children’s overall energy expenditure may also contrib-

ute to healthy weight outcomes. We hypothesized that children

attending schools that offer a greater variety of play equipment

and installations would be leaner at the 2-year follow-up, even

after considering accelerometer-measured MVPA.

Methods

Design

Participating schools were selected from the sampling frame of

the Quebec Adipose and Lifestyle Investigation in Youth

(QUALITY) study, a longitudinal investigation of the natural

history of obesity among at-risk children of Caucasian

decent.16 Eligible children were between 8 and 10 years old,

Caucasian, and with at least 1 obese biological parent (ie, body

mass index [BMI] �30 kg/m2 or waist circumference >102 cm

in men and >88 cm in women). A total of 1040 primary schools

from Montreal, Quebec city, and Sherbrooke agreed to partic-

ipate, representing an acceptance rate of 89%. In participating

schools, flyers were distributed to all students enrolled in

grades 2 to 5. Overall, of 3350 interested families, 1320

(49%) met the eligibility criteria and were invited to complete

the baseline assessment. From these cases, 48% chose to par-

ticipate, resulting in a sample of 630 at baseline. Follow-up was

completed 2 years later with 564 families (retention rate of

89%), when children were 10 to12 years old. The children in

the QUALITY cohort were generally of higher socioeconomic

status, more likely to be in intact families, more likely to reside

in urban areas, and more likely to be overweight/obese, com-

pared to representative samples of 8- to 10-year-olds from the

province of Quebec.16

Sample

The School Environment add-on to the QUALITY study

was restricted to the Greater Montreal Area, extending up

to 75 km outside city limits, and included the schools of 544

of the 630 participating families. Eight of the 9 regional

school boards provided permission to contact school princi-

pals. Our final sample consisted of 296 schools attended by

512 children (81% of baseline). The ethics review boards of

CHU Sainte-Justine Research Centre approved the School

Environment study (2008-179, 2696). More information on

the design of the QUALITY cohort study has been pub-

lished elsewhere.16

Measures

School play environments. Data used to characterize school active

play environments were obtained at baseline. Trained kinesiol-

ogists visited all sports and recreation-oriented locations inside

and surrounding the school (school yards, gymnasium, pales-

tres, adjacent parks), identified by the principal as accessible

during school hours, to assess the active play environment.

Kinesiologists documented the presence and quality of all

available equipment and installations. By consensus among

members of the broader QUALITY research team, we then

selected indoor and outdoor play equipment items used for

“fun” or “play” (ie, trampoline, swing set). In contrast, equip-

ment meant for structured sports and exercise (ie, soccer ball,

basketball net) were not selected. Sum scores for indoor and

outdoor play environments were then created based on whether
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a piece of equipment was available (scored as 1) or absent

(scored as 0).

Indoor play environment. Scores were based on the presence of

10 items including skateboards, hula-hoops, trampolines, uni-

cycles, juggling pins, devil sticks, stilts, large cylinders, diabo-

los, and indoor climbing walls.

Outdoor environment. Scores were based on the presence of

13 items including small and large jungle gyms (2 items), pool,

skateboard park, skating rink, spider (climbing frames), swing

set, and pear ball in the adjacent park. The presence of a swing

set, pear ball, small and large jungle gym (2 items), and climb-

ing spider in the school yard was also considered. Both sum

scores ranged between 0 and 10, with higher scores reflecting a

greater variety of play equipment/installations.

Student measures. Trained nurses measured child height,

weight, and waist circumference. Measurements were taken

according to a standardized protocol.17 Body fat composition

was measured using DEXA Prodigy Bone Densitometer Sys-

tem, DFþ14664 (GE Lunar Corporation, Madison, Wiscon-

sin). No reagents or chemicals were used. Fat mass index

(FMI) was computed using the following formula: FMI ¼
(Total body fat mass [g]/100)/(height/100)2. Age- and sex-

specific BMI z-scores were computed based on child height

and weight according to the US Centers for Disease Control

and Prevention growth charts. Waist circumference was mea-

sured midway between the lowest rib and the iliac crest using a

measuring tape and was used as an index of central adiposity

(ICCV1andV2 ¼ 0.909).18

Control variables. Minutes of physical education per school cycle

was reported by school principals during a structured interview

with a trained research assistant. Child daily MVPA was objec-

tively measured using an actigraph activity monitor (acceler-

ometer) over the course of 1 week. Participants were required

to wear an accelerometer during their waking hours, except

while bathing or during aquatic activities. Data collected from

accelerometry were downloaded as 1-minute intervals. Data

were considered to be valid if the child wore the device for

at least 10 hours per day for a minimum of 4 days. Average

counts per minute (total counts/wear time) was computed for

participants at both time points. This measure of physical activ-

ity has been validated for use with children.19 Finally, parents

completed the questionnaires at baseline to gather demographic

information including highest educational level of the parents

(high school, preuniversity level, technical or trade school, or

university) and total annual family income in Can$.

Data Analytic Strategy

We used K-cluster analyses to identify types of schools that

differed in terms of the variety of the combined indoor and

outdoor play environments. The concept of active play typol-

ogy was exploratory in nature; therefore, our intention was to

examine and compare solutions with up to 10 clusters using

K-means clustering technique. We subsequently examined

associations with child adiposity outcomes.

Analyses were conducted with generalized estimation equa-

tions with school as the within-subject factor to account for the

nesting of children within schools. All models included child

MVPA, sex, and age as well as parental education and family

income as control variables. In total, 11% of participants were

lost to follow-up. To reduce bias due to nonrandom sample

attrition, we followed recommendations on the treatment of

missing data in longitudinal research and performed multiple

imputations with NORM software version 2.03.20 NORM

employs an iterative method based on an expectation maximi-

zation algorithm to estimate values for missing data, depending

on the available and valid observations in the original data set.

Results using imputed data and nonimputed data were similar.

As a result, we only report based on the imputed data.

Results

Descriptive Statistics

Socioeconomic characteristics of school neighborhoods are

presented in Table 1. Schools were in economically diverse

neighborhoods with mean income levels ranging from Can$51

332 to Can$194 481 per 2-person households. These income

levels remain above the poverty line cutoffs. Sampled schools

also varied in neighborhood average educational attainment

and proportion of single-parent families (see Table 1).

In terms of demographics for our sample of children, boys and

girls were equally represented (54% vs 46%, respectively). The

mean age was 9.6 years old (115 months) at the first visit. Finally,

mean household income was Can$42 360 per year, and 8% of the

children had 1 or 2 parents without a high school diploma.

Cluster Analyses

A K-means cluster analysis was conducted on all 296 schools

based on indoor and outdoor play environment scores. The unit

Table 1. Socioeconomic Characteristics of School Neighborhoods.a,b

Mean (SD) Minimum Maximum

Mean income (Can$) 82 106 (20 777) 51 332 194 481
Median income (Can$) 73 524 45 627 143 753

25th percentile 62 810 - -
75th percentile 82 994 - -

Parental education
Mean % without diploma 15.06 (7.04) 1.15 47.40

Family configuration
Mean % single parent 17.41 (5.74) 4.50 33.34

aN ¼ 296 schools.
bCharacteristics of school neighborhoods (eg, the mean proportion of single-
parent households in the school neighborhood) represent area-level average
rates measured within a 750-m circular buffer of sampled schools. Average
income reflects the mean income before taxes for households containing one
couple. Without diploma reflects the proportion of people between the ages of
24 and 64 with no degree. Single parent reflects the proportion of single-
parent-headed households.
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of analysis was the school. A 4-cluster solution in which both

variables contributed significantly to differentiating school

types was selected. Analysis of variance revealed significant

cluster differences, F3, 292 ¼ 460.58, P < .0001 and F3, 292 ¼
94.12 P < .0001, on the indoor and outdoor play environment

variables, respectively. This solution also met the requirements

for number of cases per cluster. A 5-cluster solution did not

provide a better fit; therefore, we did not further examine solu-

tions with more than 5 clusters.

The four clusters were characterized by the contrasts in

their combined indoor and outdoor play environments.

Clusters are depicted in Figure 1. To orient comparisons,

a first school cluster (type 1, N ¼ 57) is referred to as the

poorest indoor play environment. These schools received

the lowest scores for their indoor play environment and

moderate scores for their outdoor play environment. A

second school cluster (type 2, N ¼ 91) is referred to as

the poorest outdoor play environment. These schools

received the lowest scores for their outdoor play environ-

ment and moderate scores for their indoor play environ-

ment. A third school cluster (type 3, N ¼ 66) comprises

schools with a favorable indoor play environment. These

schools had the highest scores on the indoor play environ-

ment and moderate scores for their outdoor play environ-

ment. Finally, a fourth school cluster (type 4, N ¼ 82)

scored the highest on the outdoor play environment and

moderately on the indoor play environment. School and

student characteristics according to clusters are presented

in Tables 2 and 3, respectively. Children attending type 1

schools had the largest waist circumferences and highest

body fat measures using body scan technology compared to

the other school clusters. Type 1 schools also tended to

offer fewer hours of physical education, although this dif-

ference was not statistically significant.

Regression Analyses

Table 4 shows covariate-adjusted associations between

school types and child adiposity outcomes. Data were ana-

lyzed using generalized estimation equation, with school

entered as a within-subject factor. In all models, cluster 1,

reflecting the poorest overall play environment, is used as

the reference group.

We estimated regression equations while adjusting for

child and family control variables. Relative to children in

schools with the poorest indoor play environments (type 1),

children with the most favorable indoor play environment

(type 3) had lower overall body fat, B ¼ �1.26 (95% CI,

�2.26 to �.24), P < .05, and smaller waistlines, B ¼
�4.42 cm (95% CI, �7.88 to �0.96 cm), P <.05, after

2 years. Attending schools with more varied indoor play

environments did not predict BMI z-scores 2 years later.

There were no significant differences between type 1

schools and type 2 (poorest outdoor environment) or type

4 (most favorable outdoor environment) schools in predict-

ing any of the adiposity outcomes.

Discussion

Research has challenged the notion that children are naturally

inclined to engage in sufficient amounts of physical activ-

ity.9,12 Nevertheless, when physical activity opportunities are

fun, children may be more inclined to engage in them and as

a result be more physically active.21 The aim of the present

study was to identify contrasting active play environments

across a large number of urban schools. We also examined

whether school types were associated with child adiposity

outcomes 2 years later. We identified 4 types of schools that

appear to offer qualitatively and quantitatively different

active play environments. Moreover, students attending

0.23

4.4

7.38

4.8

3.98

2.83

4.58

6.35

0

1

2

3

4

5

6

7

8

Cluster 1: Poorest indoor Cluster 2: Poorest outdoor Cluster 3: Favorable indoor Cluster 4: Favorable outdoor

Indoor play environment score

Outdoor play environment score

Figure 1. Sum scores for indoor and outdoor play environments according to school cluster.
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schools with more varied indoor play environments had

lower overall body fat and smaller waistlines. These observed

effect sizes were small to moderate and are likely to add up to

meaningful clinical risks, given that both overall body fat and

waist circumference represent important indicators of meta-

bolic health.22,23

We did not observe any associations between school play

environment and later BMI z-score, although associations were

in the predicted direction. Moderate to vigorous physical activ-

ity, however, was a significant predictor of later BMI z-scores.

One possibility is that waist circumference and body fatness

measures obtained via Prodigy Bone Densitometer System may

be better able to detect relatively smaller changes in child body

fat than BMI assessments which do not differentiate between

lean and fatty body mass.

Although physical activity represents a natural mediator of

the associations in the present study, this was not born out in

our analyses. Indeed, the effect of play environment was

observed above and beyond the effect of MVPA, which sug-

gests that active play may foster health benefits by increasing

milder forms of activity and movement. Active play equipment

may also benefit child health by reducing sedentary time (sit-

ting time, screen time) and increasing light physical activity

through social interaction. As described previously, active play

generally involves shorter bursts of intense physical activity as

well as lower intensity recovery periods. This form of physical

activity may be especially efficient in helping children main-

tain a healthy weight. For example, high-intensity intermittent

activity is more effective in reducing body fat in young women

than similar amounts of time spent engaged in steady state

exercise.24 Furthermore, increased active play may reduce

caloric intake by reducing time available for eating or snack-

ing. Future research could examine the extent to which these

variables mediate associations between active play and health.

Our study is the first to suggest that the availability of

equipment and installations, which children can have fun with

Table 3. Characteristics of Students, by School Cluster.a

Type 1 (N ¼ 89):
Poorest Indoor

Play Environment

Type 2 (N ¼ 141):
Poorest Outdoor
Play Environment

Type 3 (N ¼ 134):
Favorable Indoor
Play Environment

Type 4 (N ¼ 148):
Favorable Outdoor
Play Environment P Value

Sex (% males) 48 45 46 43 .848
M SD M SD M SD M SD

Age, months 115.44 9.73 115.39 10.98 115.18 11.41 114.95 11.41 .983
Waist circumference, cm 75.92 14.54 73.37 14.48 70.66 12.30 71.89 12.22 .049
Fat mass index 7.42 4.19 6.56 4.03 5.90 3.59 6.20 3.53 .039
BMI (z-score) 0.93 1.14 0.67 1.09 0.58 1.08 0.69 0.99 .175

Abbreviations: BMI, body mass index; M, mean; SD, standard deviation.
aN¼296 schools.

Table 2. Characteristics of Schools and School Neighborhoods, by School Cluster.a,b

Type 1 (N ¼ 57):
Poorest Indoor

Play Environment

Type 2 (N ¼ 91):
Poorest Outdoor
Play Environment

Type 3 (N ¼ 66):
Favorable Indoor
Play Environment

Type 4 (N ¼ 82):
Favorable Outdoor
Play Environment

P ValueM SD M SD M SD M SD

Outdoor play environment 3.98 2.01 2.83 1.16 4.58 1.18 6.35 1.26 <.0001
Indoor play environment 0.23 0.60 4.40 1.12 7.38 1.22 4.80 1.14 <.0001
Physical education, minutes 119.00 18.54 124.56 33.37 121.10 18.84 114.27 18.20 .071
MVPA (accelerometer) 561.85 172.89 594.08 178.86 581.70 215.84 562.71 146.71 .667
Mean income, Can$ 79 617 19 913 83 834 23 672 83 289 20 484 82 346 19 330 .570
Median income, Can$ 74 963 14 879 71 125 15 164 74 946 18 283 73 952 15 396 .376

25th percentile 65 740 59 704 64 539 64,204
75th percentile 81 243 83 085 82 661 84 308

Without diploma, % 15.52 7.78 14.96 6.60 14.36 7.22 15.48 6.33 .708
Single parent, % 18.29 6.22 17.05 5.55 16.60 5.66 17.62 5.25 .253

Abbreviations: M, mean; MVPA, moderate to vigorous physical activity; SD, standard deviation.
aN¼296 schools.
bOutdoor and indoor play environment are sum scores reflecting the average number of outdoor and indoor play items available to children. Physical education
reflects the number of minutes of physical education offered at schools. Average income reflects the area-level average income of family units living in the school
neighborhood. Without diploma reflects the area-level proportion of families without a diploma. Single parent reflects the area-level proportion of single-parent-
headed households.
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inside the school premises, may be important for the prevention

of child obesity. In many areas, weather limits the possibilities

for outdoor play, as was the case in this study (conducted

in Montreal, Canada). Other schools may be located in neigh-

borhoods characterized by more disadvantage, pollution, noise,

or crime. Consequently, providing opportunities to play

indoors may be a strategic intervention for promoting active

play and child health outcomes in schools.

Our investigation presents limitations and strengths. First,

our study described naturally existing differences between

schools in a large sample of Canadian children. Therefore,

using this design, it is not possible to determine with certainty

whether school typologies were causally associated with later

child adiposity. For example, an underlying characteristic of

children’s families could have influenced both the type of

school they attended and their adiposity 2 years later. To take

this possibility into account, we controlled for family income

and parental education in our analyses. Although it is possible

that parents may have chosen schools for their academic or

sports programs, we believe it is unlikely that they might have

chosen schools based on their play environment. Neverthe-

less, experimental research can help strengthen the potential

usefulness of increasing the quality of active play environ-

ments in elementary schools. Second, the QUALITY study

included only Caucasian youth with a parental history of obe-

sity. As a result, the generalizability of our findings to other

populations is unknown. Nevertheless, our description of

school play environments was based on a large sample of

urban Montreal schools from diverse neighborhoods that var-

ied in terms of socioeconomic status. Consequently, the

diversity present in our sample helps increase confidence in

the potential generalizability of the findings to other urban

schools. Although we implemented rigorous quality control

measures and used only a trained kinesiologist to complete

audits, the play environment scores remain exploratory in

nature. Hence, measurement properties remain to be estab-

lished, and replication in different settings and populations

is warranted. Finally, our study was strengthened by the use

of direct observation of school grounds and objective assess-

ments of child adiposity outcomes.

Over the past several decades, there has been an

increased tendency toward reducing play opportunities in

schools to allow more time for academic subjects. Although

academic learning should remain a key priority, neglecting

the importance of active play may be counterproductive. In

addition to fostering healthy physical development, active

play in school can also benefit the development of important

social skills, creativity, and self-control.21,23-26 These skills

in turn are important for academic success, persistence to

high school completion, success in the adult work place, and

lifelong health.27,28

The current epidemic of childhood obesity demands that

cost-effective and easily implemented preventive interventions

be applied as early as possible. The present results suggest that

some children experience inequity in their opportunities to

engage in active play at their elementary school. There are

currently no existing policies regulating children’s access to

active play environments during school hours. Our findings

warrant further research and could be considered in the context

of comprehensive child obesity prevention efforts.

Table 4. Regression Coefficients Estimating Associations Between School Cluster and Later Child Adiposity.a

Waist Circumference, cm Fat Mass Index BMI z-Score

B (95% CI) P Value B (95% CI) P Value B (95% CI) P Value

Poorest indoor play
environment (reference
group)

- - - - - -

Poorest outdoor play
environment

�2.09 (�5.84 to 1.66) .274 �0.67 (�1.76 to 0.42) .226 �0.21 (�0.51 to 0.08) .160

Favorable indoor play
environment

�4.42 (�7.88 to �0.96)d .012 �1.26 (�2.28 to �0.24) .015 �0.28 (�0.57 to 0.004) .053

Favorable outdoor play
environment

�3.30 (�6.80 to 0.19) .064 �0.93 (�1.96 to 0.09) .075 �0.20 (�0.47 to 0.08) .168

Physical education, min �0.01 (�0.10 to 0.09) .872 0.00 (�0.03 to 0.03) .982 �0.001 (�0.01 to 0.01) .826
MVPA (accelerometer) �0.01 (�0.02 to 0.003)c .004 �0.003 (�0.005 to �0.001) .016 �0.01 (�0.01 to �9.32E-5)d .024
Sex (girl ¼ 1, boy ¼ 2) �1.70 (�0.55 to 3.95) .138 �0.71 (�1.36 to �0.06) .034 0.10 (�0.09 to 0.28) .321
Age, months 0.21 (0.11 to 0.32)b .000 �0.003 (�0.01 to 0.01) .559 �0.003 (�0.01 to 0.01) .559
Parents education �2.53 (�4.44 to �0.61)d .010 �0.19 (�0.35 to �0.03) .018 �0.19 (�0.35 to �0.03)d .018
Income (in 1000 CND) �0.04 (�0.10 to 0.03) .248 �0.004 (�0.01 to 0.001) .134 �0.004 (�0.01 to 0.01) .134

Abbreviations: BMI, body mass index; CI, confidence interval; MVPA, moderate to vigorous physical activity.
aFat mass index reflects (Total body fat mass [g]/100)/(height/100)2. Parental education was scored as 1 ¼ high school, 2 ¼ preuniversity level, 3 ¼ technical or
trade school, or 4 ¼ university.
bP < .001, significant.
cP < .01, significant.
dP < .05, significant.
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