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Abstract

Objective To examine school-level opportunity structures
of the built environment and student characteristics asso-
ciated with being overweight.

Methods Multi-level logistic regression analysis were
used to examine the school- and student-level characteris-
tics associated with the odds of a student being overweight
among grade 5-8 students attending 30 elementary schools
in Ontario, Canada, as part of the Play-Ontario (PLAY-ON)
study.

Results  Significant between school random variation in
overweight was identified [0',2,0 = 0.187 (0.084), P < 0.001];
school-level differences accounted for 5.4% of the vari-
ability in the odds of a student being overweight. The more
fast-food retailers there were surrounding a school, the more
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likely a student was to be overweight; students in grade 5
were at increased risk relative to students in grades 6—8. The
more grocery stores there were surrounding a school, the
more likely a student was to be overweight; students in grade
5 were at increased risk relative to students in grades 6-8.
Conclusions Developing a better understanding of the
school- and student-level characteristics associated with
overweight among youth is critical for informing inter-
vention programs and policies.

Keywords Obesity/overweight -
Body mass index (BMI) - Built environment -
Physical activity - Prevention - Youth - School

Introduction

The prevalence of overweight youth in North America has
increased dramatically (Shields 2006; Ogden et al. 2006).
This is cause for concern as overweight among youth is not
only associated with hypertension and abnormal glucose
tolerance (ADA 2006), but it is also associated with
increased risk of some cancers (Colditz et al. 1996). Given
the rapid increase in the prevalence of overweight among
youth, it appears that modifiable factors [e.g. physical
activity (PA), diet] are likely more important determinants
of the current crisis than non-modifiable factors (e.g.
genetics) (Anderson and Butcher 2006). Considering
~83% of overweight youth will maintain an unhealthy
weight as adults (Herman et al. 2009), there is an imme-
diate need to identify the factors associated with youth
overweight in order to develop effective prevention
initiatives.

Research has previously identified a number of indi-
vidual characteristics that are associated with overweight
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among youth. For instance, overweight youth are less
likely to be physically active (Leatherdale and Papadakis
2009; Singh et al. 2010; Storey et al. 2003), less likely to
have active friends (Trost et al. 2001), more likely to
spend time in sedentary behaviours (Leatherdale and
Papadakis 2009; Singh et al. 2010; Cecil-Karb and Gro-
gan-Kaylor 2009), more likely to be male (Leatherdale
and Papadakis 2009; Grafova 2008; Ewing et al. 2006)
and be non-white ethnicity (Cecil-Karb and Grogan-
Kaylor 2009; Ewing et al. 2006). Although research has
identified that dietary factors are associated with over-
weight among adolescents, data from the Continuing
Survey of Food Intake for Individuals (CSFII) and the
National Health and Nutrition Examination Survey III
(NHANES) suggest that dietary factors are not strongly
associated with overweight in children (Storey et al.
2003).

The neighbourhood environment surrounding a school
can play an important role in providing students with
opportunities to engage in activities that help to prevent
or reduce overweight. For instance, students are less
likely to be overweight if their school neighbourhood has
access to parks, playgrounds, recreational facilities, shops
with modestly priced fresh produce (Veugelers et al.
2008) and large chain supermarkets (Powell et al. 2007),
whereas students are more apt to be overweight if there
are variety stores or fast-food restaurants located near
their school (Davis and Carpenter 2009; Powell et al.
2007). However, few studies have examined how the
prevalence of overweight varies across schools and the
characteristics of the built environment surrounding a
school that are associated with that variability (O’Malley
et al. 2007). Existing evidence suggests that there is
modest variability in overweight across secondary schools
(Leatherdale and Papadakis 2009; Veugelers et al. 2008;
O’Malley et al. 2007; Singh et al. 2007), while there is
substantially less research examining the between-school
variability in overweight across elementary school set-
tings (Seliske et al. 2009; Veugelers et al. 2008). The lack
of evidence exploring how opportunity structures in the
community environment surrounding elementary schools
are associated with an individual student’s risk of being
overweight continues to represent an important gap in the
literature.

As such, the current study seeks to: (1) characterize the
prevalence of weight status in a sample of elementary
school students, (2) characterize the prevalence of dif-
ferent opportunity structures of the built environment
surrounding 30 elementary schools, (3) identify potential
variability in the odds of being overweight across schools
and (4) explore if student- and school-level characteristics
are associated with overweight/obesity in grades 5-8
students.

Methods
Design

This cross-sectional study used self-reported data col-
lected in 2007-2008 from a convenience sample of grades
5-8 students attending 30 elementary schools in Ontario,
Canada, as part of the Play-Ontario (PLAY-ON) study.
The purpose of PLAY-ON was to examine the school-
level factors associated with PA and obesity among a
sample of elementary school aged youth. Student-level
data were collected from consenting students using the
SHAPES Physical Activity Module (PAM). The PAM
asks students about PA, height and weight, sedentary
behaviours and correlates for PA. Validity testing has
previously demonstrated significant criterion validity
based on Spearman correlations for the self-reported
measures of height (r=0.97, P <0.001), weight
(r=0.98, P <0.001) and PA (r = 0.44, P < 0.01), and
reliability testing has demonstrated 1-week test-retest
reliability based on weighted kappa coefficients for the
self-reported BMI (K =0.75, P <0.01) and PA
(K =0.58, P<0.05 (Wong et al. 2006). Additional
details are available online (www.shapes.uwaterloo.ca/
projects/PLAYON) or in print (Leatherdale et al., 2009,
2010).

School-level built environment data were provided by
the CanMap RouteLogistics (CMRL) spatial information
database as well as the Enhanced Points of Interest (EPOI)
data resource from the Desktop Mapping Technologies Inc.
(DMTTI). The CMRL provided various data layers such as
boundary files and street networks. The DMTI-EPOI data
file is a database of the type and location of different
opportunity structures within the built environment (e.g.
grocery stores, mini-marts, fast-food restaurants, fitness
centres). Additional details about the DMTI-EPOI resour-
ces are available online (www.dmtispatial.com).

Data collection

All students at the participating schools were eligible to
participate. Prior to participating, active consent from
parents was required, and at any time, students were able to
decline participation. The PAM was completed by eligible
students during class time, and there was no compensation
for participation. The University of Waterloo Office of
Research Ethics and appropriate school board ethics com-
mittees approved the study procedures.

Participants

Of the 4,838 students enrolled in grades 5-8 at the 30
participating elementary schools, 50.6% (n = 2,449)
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completed the survey. Missing respondents resulted from
parent refusal (46.2%; n = 2,237) and absenteeism on the
day of the survey (3.2%; n = 152). This distribution is
consistent with an active consent study examining over-
weight among Canadian elementary students (Veuglers
and Fitzgerald 2005). Among participating students, BMI
could not be calculated for 48.4% (n = 1,185) of the
sample due to missing data required to calculate BMI,
16.2% (n = 398) did not report their height and weight,
22.8% (n = 558) reported their weight but not height,
8.0% (n = 196) reported their height but not weight and
1.3% (n = 33) did not report their age. Previous studies
among youth have reported similar rates of missing height
and weight data (Tiggemann 2006).

Outcome—weight status

Body Mass Index (BMI) was calculated using previously
validated self-report measures of weight (kg) and height
(m) (BMI = kg/mz) (Wong et al. 2006). Consistent with
CDC guidelines and growth charts (CDC, 2006), students
within the lowest 5th percentile for BMI adjusted for age
and sex were classified as underweight, students within the
6th to 84th percentile for BMI adjusted for age and sex
were classified as normal weight, students within the 85th
to 94th percentile for BMI adjusted for age and sex were
classified as overweight and students within the highest 5th
percentile for BMI adjusted for age and sex were classified
as obese. For the multivariate analyses, students classified
as overweight or obese were collapsed into one category
(overweight) to represent all youth who may be at-risk for
morbidity associated with being overweight/obese and to
ensure there was sufficient power for the multi-level
analyses.

Student-level correlates

Using previously validated measures (Wong et al. 2006),
PA level was measured by asking respondents how many
minutes of vigorous PA (VPA) and moderate PA(MPA)
they engaged in on each of the last 7 days. Since youth
tend to substantially over report time spent doing PA in
self-report (McMurray et al. 2004), the measures are more
valid for differentiating students who report less time doing
PA from those who report more time doing PA (Wong
et al. 2006). Hence, consistent with the existing literature
(Leatherdale et al. 2010; Leatherdale and Wong 2008),
students more than one standard deviation (<16th per-
centile) below the sample mean were classified as low
active, students more than one standard deviation (>84th
percentile) above the sample mean were classified as
highly active; all others were classified as moderately
active.

Consistent with previous research (Leatherdale et al.
2010; Kurc and Leatherdale 2009), sedentary behaviour
was measured by asking respondents to report the number
of hours for each day of the week that they spent watching
TV/movies, playing video/computer games, surfing the
internet, instant messaging, texting or talking on the phone.
Based on the average time reported for these behaviours
over the previous week, respondents with less than 1 h per
day were classified as low sedentary, those with between 1
and 3 h were classified as moderate sedentary, and students
with more than 3 h per day were classified as high sed-
entary. Respondents also reported their ethnicity (white vs.
other), how many of their close friends are physically
active (0-5) and whether they consider themselves over-
weight, about the right weight or underweight.

School-level built environment characteristics

The 2008 DMTI-EPOI data were used to identify oppor-
tunity structures within the neighbourhood surrounding the
30 PLAY-ON elementary schools. For this study, there
were six different types of opportunity structures exam-
ined: gas stations, fast-food retailers, bakeries/doughnut
shops, variety stores, grocery stores (includes supermarkets
and mini-markets) and recreation facilities (includes dance
studios, fitness/gym facilities, and sport and recreation
clubs). Consistent with previous research (Pouliou and
Elliott 2010), the process of identifying and linking the
DMTI-EPOI data to the PLAY-ON student-level data
involved three steps: (1) geocoding the address for each
PLAY-ON school; (2) creating 1-km circular buffers (i.e.
bounded areas surrounding each school in which the six
different opportunity structures of the built environment
were quantified) and (3) linking the quantified built envi-
ronment data for each school to the student-level data from
each school. Arcview 3.3 (ESRI 2002) software was used
to geocode the school addresses and to create the 1-km
buffers.

Analyses

Using student-level data, the prevalence of weight status,
ethnicity, grade, PA, sedentary behaviour and the number
of close friends who are active were examined by sex.
Using the school-level data, we calculated the mean and
range of each school-level built environment characteristic.
Since students (level 1) are nested within schools (level 2),
a series of multi-level logistic regression analyses were
performed in order to understand the student- and school-
level factors associated with being overweight within this
hierarchical data structure. Consistent with other multi-
level studies (Leatherdale et al. 2010; Murnaghan et al.
2007), a three-step modelling procedure was used. Step 1
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examined if differences in being overweight were random
or fixed across schools. The school-level variance term
from Step 1 (O'i()) was used to calculate the intraclass
correlation (ICC) for binary outcomes, where the ICC
represents the proportion of the total variance in student
overweight that is due to differences across schools. In Step
2, a series of six univariate analyses were performed to
examine if each school-level built environment opportunity
structure was independently associated with being over-
weight (Models 1-6). In Step 3, a multivariate model was
developed to simultaneously examine how the student-
level characteristics and the school-level characteristics
were associated with being overweight (Final Model).
Because cross-level interactions between the school-level
variables and grade and sex were suspected a priori, these
cross-level interactions were also tested while controlling
for confounders. Since there was a large amount of missing
BMI data, we also performed sensitivity analyses by
imputing some of the missing BMI data. Research with the
PLAY-ON previously identified that students were more
likely to have missing BMI data if they perceived them-
selves to be overweight or if they were considered low
active and highly sedentary (Arbour-Nicitopoulous et al.
2010). As such, among the respondents with missing BMI
data, we identified those who reported that they consider
themselves overweight (n = 244) and those who were low
active and highly sedentary (n = 552). In a new model
(Sensitivity Model), these 796 respondents were coded as
being overweight and grouped with the respondents who
did provide BMI data and were considered overweight. The
remaining 389 respondents with missing data who did not
consider themselves overweight or who were active or not
highly sedentary were coded as being normal weight and
included with the respondents who did provide BMI data
and were considered a normal weight. Statistical analyses
were conducted on MLwiN Version 2.02 (Rasbash et al.
2005).

Results
Student characteristics

Demographic characteristics of students who provided
BMI data are presented in Table 1. The sample was 47.4%
(n = 1,152) male and 52.6% (n = 1,277) female. The
mean BMI among males was 19.5 (43.8) kg/m* and among
females was 19.1 (£4.1) kg/mz. Moreover, 4.5% of the
sample was considered underweight, 17.4% of the sample
was considered overweight, 9.7% of the sample was con-
sidered obese and 68.4% were considered normal weight
for their age and sex. Males were more likely to be over-
weight or obese compared to females (x> = 12.46, df = 3,

P < 0.01). A total of 166 (13.1%) students were classified
as low active, 845 (66.9%) were classified as moderately
active and 253 (20.0%) were classified as highly active.
Males were more likely to be high active compared to
females (Xz = 17.53, df = 2, P < 0.001). The majority of
students (63.9%) reported 1-3 h of sedentary behaviour
time per day. Males were more likely than females to
report spending 3 or more hours per day in sedentary
activities ()(2 = 12.17, df =2, P < 0.01). Few students
reported that they have less than three close friends who are
physically active (8.6%). Males were more likely than
females to report having five close friends who are active
(x> = 3841, df = 5, P < 0.001).

School characteristics

The mean number of gas stations within a 1-km buffer of
the schools was 0.53 (range 0-3). The mean number of
fast-food retailers within a 1-km buffer of the schools was
1.7 (range 0-8). The mean number of bakeries/doughnut
shops within a 1-km buffer of the schools was 1.1 (range
0-8). The mean number of variety stores within a 1-km
buffer of the schools was 1.3 (range 0-8). The mean
number of grocery stores within a 1-km buffer of the
schools was 1.8 (range 0-13). The mean number of rec-
reation facilities within a 1-km buffer of the schools was
0.8 (range 0-4).

School characteristics associated with overweight

Among students without missing BMI data, significant
between-school random variation in the odds of being
overweight was identified [aio = 0.187 (0.084), P <
0.001]; school-level differences accounted for 5.4% of the
variability in the odds of a student being overweight versus
a normal weight. As shown in Table 2, none of the school-
level opportunity structures in the built environment sur-
rounding schools were significantly associated with the
likelihood of a student being overweight.

School- and student-level characteristics associated
with overweight

The adjusted odds ratios for the significant school and
student characteristics in the Final Model are presented in
Table 3. Male students were more likely to be overweight
than female students (OR 1.68; 95% CI 1.27-2.21).
Compared to students in grade 5, students in grade 7 (OR
0.59; 95% CI 0.39-0.89) and grade 8 (OR 0.57; 95% CI
0.38-0.86) were less likely to be overweight. Students who
were highly active were less likely to be overweight
compared to low active students (OR 0.73; 95% CI
0.69-0.76). Sedentary behaviour, ethnicity, and having
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Table 1 Descriptive statistics

for youth in grades 5-8 who Student-level

Male (n = 663)

Female (n = 601)

X2

provided data to calculate body characteristics % @ % (m)
mass index (BMI) by gender in Weight status”
PLAY-ON (Ontario, Canada, . >
2007-2008) Underweight 4.4 (29) 4.7 (28) 1 =43.24,df =3, P <0.001
Normal weight 64.5 (428) 72.7 (437)
Overweight 19.3 (128) 15.3 (92)
Obese 11.8 (78) 7.3 (44)
Physical activity level
High active 24.4 (162) 15.1 (91) ¥* = 1753, df = 2, P < 0.001
Moderately active 63.8 (423) 70.2 (422)
Low active 11.8 (78) 14.6 (88)
Screen time per day
<1 h per day 18.8 (124) 24.3 (145) ¥ =1217,df =2, P <0.01
1-3 h per day 63.6 (419) 64.2 (384)
>3 h per day 17.6 (116) 11.5 (69)

Number of close friends who are physically active

None 0.5 (3) 0.0 (0) ¥* = 3841, df = 5, P < 0.001
1 1.8 (12) 2.5 (15)
2 6.2 (40) 6.2 (37)
3 13.9 (90) 26.7 (159)
PI?‘AY—ON represents the name 4 26.8 (174) 25.4 (151)
of the study where self-reported
data were collected in 5 50.8 (329) 39.2 (233)
2007-2008 from a convenience Ethnicity
sample of grades 5-8 students Other 34.8 (236) 43.9 (275) ¥ = 1150, df = 1, P < 0.001
attending 30 elementary schools .
in Ontario, Canada White 65.2 (443) 56.1 (351)
* Numbers may not add to total Grade )
because of missing values 5 16.6 (110) 14.3 (86) y- = 176,df =3, P =0.624
b Body mass index (BMI) 6 23.4 (155) 24.6 (148)
values used to determine weight 7 28.6 (190) 30.6 (184)
status have been adjusted for 8 31.4 (208) 30.5 (183)

age and gender

Table 2 Results of the univariate multi-level logistic regression
analyses examining school-level built environment characteristics
associated with being overweight among youth in grades 5-8 in
PLAY-ON (Ontario, Canada, 2007-2008)

Odds ratio (95% confidence
interval) overweight versus
normal weight (each 1 unit
increase)

Number of opportunity structures
within a 1-km radius of a school

Gas stations (Model 1)

Fast-food retailers (Model 2)
Bakeries/doughnut shops (Model 3)
Variety stores (Model 4)

Grocery stores (Model 5)

1.21 (0.99, 1.49)
1.06 (0.98, 1.16)
1.05 (0.95, 1.17)
1.07 (0.97, 1.19)
1.06 (0.99, 1.13)

Recreation facilities (Model 6) 1.16 (0.99, 1.37)

1 = overweight (n = 342), 0 = normal weight (n = 865)

PLAY-ON represents the name of the study where self-reported data
were collected in 2007-2008 from a convenience sample of grades
5-8 students attending 30 elementary schools in Ontario, Canada

close friends who were physically active were not signifi-
cantly associated with being overweight. Consistent with
the univariate analyses of Table 2, none of the school-level
characteristics were significantly associated with over-
weight when controlling for student characteristics.
During the additional exploratory analyses, two signifi-
cant contextual interactions were identified. As shown in
Fig. 1, there was a significant interaction between grade and
the number of fast-food retailers within a 1-km radius of the
school. It appears that the more fast-food retailers there
were surrounding a school, the more likely a student was to
be overweight. However, the increase in risk is the largest
among students in grade 5 relative to students in grades 6-8.
Similarly, as shown in Fig. 2, there was also a significant
interaction between grade and the number of grocery stores
within a 1-km radius of the school. It appears that the more
grocery stores there were surrounding a school, the more
likely a student was to be overweight. However, the
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Table 3 Odds ratios for multi-
level analysis of school- and
student-level factors associated
with being overweight among

Adjusted odds ratio® (95% CI)
Final Model overweight versus
normal weight

youth in grades 5-8 in PLAY-
ON (Ontario, Canada,
2007-2008)

Student-level characteristics
Gender
Female
Male
Grade
5
6
7
8
Ethnicity
Other
White
Physical activity level
Low active
Moderately active
Highly active
Sedentary behaviour
Low sedentary
Moderately sedentary

Highly sedentary
Final Model: overweight
(n = 342), 0 = normal weight
(n = 865)
PLAY-ON represents the name
of the study where self-reported
data were collected in
2007-2008 from a convenience
sample of grades 5-8 students
attending 30 elementary schools
in Ontario, Canada
* P <0.05; ** P <0.01;
% P < 0.001

% Odds ratios adjusted for all
other variables in the table

None to 4 friends
All 5 friends

School-level characteristics

Gas stations

Fast-food retailers
Bakeries/doughnut shops
Variety stores

Grocery stores

Recreation facilities

1.00
1.68 (1.27, 2.21)**

1.00

0.70 (0.46, 1.06)
0.59 (0.39, 0.89)*
0.57 (0.38, 0.86)**

1.00
0.94 (0.70, 1.25)

1.00
1.02 (0.68, 1.53)
0.73 (0.69, 0.76)***

1.00
0.92 (0.66, 1.30)
1.07 (0.68, 1.70)

Number of close friends who are physically active

1.00
1.01 (0.76, 1.32)

Number of opportunity structures within a 1-km radius: each 1 unit increase

1.46 (0.79, 2.68)
0.96 (0.82, 1.13)
0.89 (0.68, 1.15)
0.82 (0.59, 1.13)
1.10 (0.86, 1.42)
1.18 (0.89, 1.56)

increased risk is also the largest among students in grade 5
relative to students in grades 6-8.

Sensitivity analysis with imputed BMI values
for missing data

As presented in Table 4, the results of the sensitivity
analysis with the imputed BMI values are consistent with
the results presented in Table 3. Highly active students and
students in higher grades were less likely to be overweight,
and sedentary behaviour, ethnicity, having close friends
who were physically active, and the school-level charac-
teristics were not significantly associated with being
overweight. The main difference between the Final Model
and the Sensitivity Model was that gender was no longer

significantly associated with being overweight in the sen-
sitivity analysis model.

Discussion

Consistent with similar research (Veugelers et al. 2008;
Veuglers and Fitzgerald 2005), we identified significant
differences in the risk of being overweight across schools.
Specifically, it was identified that school-level differences
accounted for a significant amount of the variability in the
odds of a student being overweight, suggesting that the
characteristics of the school environment a student attends
are associated with his/her risk of being overweight. We
also identified that students in younger grades, especially
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Number of fast-food retailers within 1km radius of the school
= Grade 5 =—d=Gradef —@—=Grade7 -—a&—GradeS8

Fig. 1 Model-based estimated odds ratio for student being over-
weight as a function of the number of fast-food retailers within a 1-km
radius of the school and the grade of the student in the PLAY-ON
study (Ontario, Canada, 2007-2008). Using the model estimates, the
odds of a student being overweight can be estimated as a function of
both the number of fast-food retailers within a 1-km radius of the
school and the grade of the student. In this figure, the model-based
odds ratios of a student being overweight relative to a hypothetical
grade 5 student who attends a hypothetical school with no fast-food
retailers within a 1-km radius are presented. PLAY-ON represents the
name of the study where self-reported data were collected in
2007-2008 from a convenience sample of grades 5-8 students
attending 30 elementary schools in Ontario, Canada

grade 5, were at substantially increased risk for being
overweight as the number of fast-food retailers or grocery
stores located within a 1-km radius of their school
increased. This finding is consistent with Davis and Car-
penter (2009), who also found a positive relationship
between children’s BMI and the number of fast-food out-
lets surrounding schools. This suggests that it may be wise
for stakeholders to target obesity prevention efforts to the
schools that are placing students at the greatest risk (i.e.
schools with a large number of fast-food retailers in the
surrounding environment) and that such programs need to
start at an early age when the students are at the greatest
risk.

Contrary to our findings, Powell et al. (2007) found that
chain supermarkets were related to lower BMI among
youth, however, their ability to differentiate between chain
supermarkets, non-chain supermarkets and grocery stores
may explain the conflicting results. For instance, the ability
to differentiate chain stores from non-chain stores may be
important considering that the price of food plays a role in

5 -

4.5

4_

w
"

%

8]

Relative Odds Ratio
(%]
w

-
(4]
L

| =
0.5
o} 1 2 3 4 5 6 7

Number of grocery stores within 1km radius of the school
—@— Grade 5 =—ir— Grade 8 —@— Grade7 -—#&— Grade8

Fig. 2 Model-based estimated odds ratio for student being over-
weight as a function of the number of grocery stores within a 1-km
radius of the school and the grade of the student in the PLAY-ON
study (Ontario, Canada, 2007-2008). Using the model estimates, the
odds of a student being overweight can be estimated as a function of
both the number of grocery stores within a 1-km radius of the school
and the grade of the student. In this figure, the model-based odds
ratios of a student being overweight relative to a hypothetical grade 5
student who attends a hypothetical school with no grocery stores
within a 1-km radius are presented. PLAY-ON represents the name of
the study where self-reported data were collected in 2007-2008 from
a convenience sample of grades 5-8 students attending 30 elementary
schools in Ontario, Canada

youth overweight [e.g. BMI tends to be lower in children
if they have access to moderately priced fresh produce
(Veugelers et al. 2008)], and chain supermarkets may offer
food at a lower cost than non-chain stores. When possible,
measures related to monetary cost of food options within
different establishments should be considered in future
research. This insight could add substantial value as chil-
dren in grades 4-6 overwhelmingly chose inexpensive,
low-nutritive, energy dense food rather than more expen-
sive yet much more nutritious alternatives (Borradaile et al.
2009).

We did not find a significant relationship between the
presence of variety (convenience) stores and children’s
BMI nor between the presence of recreational facilities and
BMI. This is in contrast to previous work (Singh et al.
2010; Galvez et al. 2009; Veugelers et al. 2008; Evenson
et al. 2007; Grafova 2008; Powell et al. 2007). Since
research has typically measured built environment char-
acteristics relative to the students’ home addresses rather
than school location, this discrepancy is not surprising. As
our focus is on identifying characteristics that can inform
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Table 4 Odds ratios for the
Sensitivity Model that included
missing body mass index (BMI)
values in the multi-level

Adjusted odds ratio® (95% CI)
Sensitivity Model® overweight
versus normal weight

analysis of school- and student-
level factors associated with
being overweight among youth
in grades 5-8 in PLAY-ON
(Ontario, Canada, 2007-2008)

Student-level characteristics
Gender
Female
Male
Grade
5
6
7
8
Ethnicity
Other
White
Physical activity level
Low active
Moderately active
Highly active
Sedentary behaviour

Low sedentary
Sensitivity Model: overweight
(n = 1,122), 0 = normal
weight (n = 1,207)
PLAY-ON represents the name
of the study where self-reported
data were collected in
2007-2008 from a convenience
sample of grades 5-8 students
attending 30 elementary schools
in Ontario, Canada

* P <0.05, ** P <0.001

? Odds ratios adjusted for all
other variables in the table

Moderately sedentary
Highly sedentary

None to 4 friends
All 5 friends

School-level characteristics

Gas stations
Fast-food retailers
Bakeries/doughnut shops

Variety stores
® Includes data imputed for
respondents with missing body
mass index (BMI) data

Grocery stores

Recreation facilities

1.00
1.03 (0.86, 1.24)

1.00

0.72 (0.58, 0.96)*
0.50 (0.39, 0.65)**
0.35 (0.27, 0.46)**

1.00
0.94 (0.77, 1.14)

1.00
1.18 (0.90, 1.54)
0.75 (0.58, 0.96)*

1.00
0.99 (0.79, 1.23)
1.31 (0.96, 1.78)

Number of close friends who are physically active

1.00
0.99 (0.82, 1.19)

Number of opportunity structures within a 1-km radius: each 1 unit increase

1.04 (0.77, 1.43)
1.00 (0.92, 1.08)
0.94 (0.83, 1.07)
0.99 (0.85, 1.16)
1.06 (0.93, 1.20)
1.01 (0.88, 1.16)

the targeting of school-based obesity prevention programs
and policies, we did not consider examining characteristics
of the home environment.

Numerous studies have examined individual-level fac-
tors associated with youth overweight. Consistent with this
research (Leatherdale and Papadakis 2009; Singh et al.
2010; Seliske et al. 2009), we found that active youths are
less likely to be overweight than inactive youths. However,
many of the associations between other student character-
istics and overweight previously identified in the literature
were not significant in this study. For instance, overweight
was not associated with time spent in sedentary behaviour
or having active friends. Unlike our results, the results of
existing research has found an association between over-
weight and one or more of the student-level characteristics
we tested (Singh et al. 2010; Cecil-Karb and Grogan-

Kaylor 2009; Ewing et al. 2006). Considering that this was
an elementary school sample and that the analytical focus
was geared towards identifying school-level correlates
associated with overweight, this may not be surprising.
Previous research on older adolescent populations has
also reported problems with large amounts of missing self-
reported BMI data (Tiggemann 2006). Consistent with
Tiggemann (2006), additional analyses performed with the
PLAY-ON data identified an age-related trend where the
prevalence of missing BMI data was higher for younger
respondents (Arbour-Nicitopoulous et al. 2010). Moreover,
considering our sample was composed of even younger
respondents than that of Tiggemann (2006), a lack of
awareness of one’s height or weight among the younger
aged respondents in our sample may be underlying this
non-response. Exploratory analyses also revealed that
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students with missing BMI data in PLAY-ON were more
likely to perceive themselves to be overweight or to be low
active and highly sedentary (Arbour-Nicitopoulous et al.
2010). When we performed our sensitivity analyses, these
assumptions were used to impute missing values among
our sample and we found similar results as the results from
our primary analyses. Despite such attempts to demonstrate
our findings are robust, it is possible that some of the
results identified in the present study may be biased (e.g.
the lack of associations between-school characteristics or
sedentary behaviour and overweight); consequently, the
results presented should be interpreted with caution.
Strategies to reduce missing data in the self-reporting of
height and weight in ways which are sensitive to children
need to be developed and evaluated if self-report is used
exclusively to monitor and evaluate obesity-related inter-
ventions and initiatives.

Limitations

A large amount of BMI data were missing in the host study
and previous analyses revealed that there were some dif-
ferences in the sample characteristics of students with and
without BMI data which may bias the results (Arbour-
Nicitopoulous et al. 2010). Data were not available to
examine energy intake in the present study so our under-
standing of student-level characteristics associated with
obesity may be limited. It was also not possible to examine
the impact of specific school-based programs and inter-
ventions which may have been in place in the participating
schools and their potential interactions with opportunity
structures in the built environment. Causal relationships
cannot be inferred from these cross-sectional data and since
data were collected in a convenience sample the results
may not be generalized to the entire population. Although
data were based on self-reports, the measures in the PAM
have been previously demonstrated to be reliable and valid
(Wong et al. 2006), and honest reporting was encouraged
by ensuring confidentiality during data collection.
Progress in reducing or limiting the increase in the
prevalence of youth overweight will require efforts from
many different stakeholders in many different contexts.
While school-based interventions alone will not be suffi-
cient to solve the problem, it is unlikely that the current
trends can be reversed without more effective partnerships
between school- and community-based prevention pro-
gramming (Story et al. 2009). In this study, a substantial
number of youth were considered overweight; despite
using self-report height and weight measures and missing
data. Moreover, the likelihood of youth in this sample
being overweight was associated with both their individual
characteristics and the characteristics of the neighbourhood
environment surrounding their school. Given the sample

demographics are consistent with other youth populations
(Shields 2006; Janssen et al. 2005), these should be
meaningful in other contexts. Developing a better under-
standing of the school- and student-level characteristics
associated with overweight among youth is critical for
informing intervention programs and policies, and design-
ing school neighbourhoods supporting obesity prevention
and reduction among youth populations. It was identified
that even though most of the students in this sample are
considered a healthy body weight, a substantial number of
youth were overweight or obese. Moreover, students in the
lower grades of our sample were more likely to be over-
weight if they attended a school with a larger number of
fast-food retailers or grocery stores in the surrounding
community environment. Future research should evaluate
if the optimal population level impact for school-based
obesity prevention programming might be achieved most
economically if interventions selectively targeted the
schools that are putting students at the greatest risk.
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