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Abstract
Background: The recent increase in childhood obesity is expected to add significantly to the
prevalence of chronic diseases. We used multivariate multilevel analysis to examine associations
between parks/green space and childhood overweight/obesity across communities in Calgary,
Canada, a city characterized by intensified urban sprawl and high car use.

Methods: Body Mass Index was calculated from measured height and weight data obtained from
6,772 children (mean age = 4.95 years) attending public health clinics for pre-school vaccinations.
Each child's home postal code was geocoded using ESRI ArcGIS 9.2. We examined four measures
of spatial access to parks/green space (based on Geographic Information Systems): 1) the number
of parks/green spaces per 10,000 residents, 2) the area of parks/green space as a proportion of the
total area within a community, 3) average distance to a park/green space, and 4) the proportion of
parks/green space service area as a proportion of the total area within a community. Analyses were
adjusted for dissemination area median family income (as a proxy for an individual child's family
income) community-level education, and community-level proportion of visible minorities.

Results: In general, parks/green space at the community level was not associated with overweight/
obesity in Calgary, with the exception of a marginally significant effect whereby a moderate number
of parks/green spaces per 10,000 residents was associated with lower odds of overweight/obesity.
This effect was non-significant in adjusted analyses.

Conclusion: Our null findings may reflect the popularity of car travel in Calgary, Canada and
suggest that the role built environment characteristics play in explaining health outcomes may differ
depending on the type of urban environment being studied.
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Background
Recently the public health literature has seen an increas-
ing number of studies investigating the relationship
between various attributes of place and the health of pop-
ulations [1-5]. This type of research strives to explain geo-
graphic variations in health outcomes as a function of
both place and the individual characteristics of people liv-
ing in that place [6,7]. As one example, there has been
growing interest in understanding the role of residential
environments in enhancing and constraining physical
activity and influencing obesity[8]. This is particularly rel-
evant considering evidence of a notable increase in the
prevalence of obesity in Canadian children over recent
decades[9,10]. Increasing prevalence of childhood obesity
raises concern because childhood obesity has implica-
tions for health during childhood and into adult-
hood[11,12]. Increased childhood BMI, which often
tracks into adulthood, has an important influence on
adult morbidity, notably for cardiovascular disease, dia-
betes, and some cancers[12].

The increasing prevalence of pediatric obesity has drawn
attention to children's decreasing physical activity lev-
els[13]. Research has shown that physical activity levels
established in youth tend to track into adulthood, and
physical activity promotion in youth may facilitate a car-
ryover of healthful habits into adulthood[14]. Promotion
of physical activity is therefore a priority in current public
health policies. However, to promote physical activity
among children, its determinants need to be understood.
From an ecological perspective, behaviours are not only
affected by personal characteristics (e.g., age) but by inter-
actions with the larger social and cultural contexts in
which children live [15-17]. Research to test assertions of
this perspective have examined how aspects of the built
environment put some children at increased risk for obes-
ity by encouraging the consumption of energy-dense
foods and discouraging physical activity[15,17-19].

Disparities in chronic disease risk factors, such as obesity,
may be partially attributed to neighbourhood environ-
ments that are poor in resources that could support
healthy behaviours[20]. Neighbourhoods may have an
impact on obesity and related health behaviours of young
children in particular, as they spend much time in these
environments[21]. For example, Liu and colleagues
(2007) concluded that after controlling for individual
socio-demographic variables and neighbourhood socioe-
conomic status, measures of decreased vegetation signifi-
cantly predicted overweight in children [22]. A Canadian
study explored whether aspects of neighbourhood design
and spatial access to physical activity facilities were associ-
ated with body weight status among young children and
found that increased walkability of neighbourhoods and
intersection density were associated with lower odds of

being overweight/obese among preschool girls but not
boys[23]. Another Canadian study found that after con-
trolling for individual/family factors, children living in
the 'lowest-income' (i.e., largest proportion of people liv-
ing below the low income cut-off) neighbourhood had an
increasing BMI percentile over time compared to those
children living in a 'middle-income' neighbourhood[24].
However, the mechanisms by which this occurred are
unclear.

Ferreira and colleagues (2006) conducted a systematic
review on environmental correlates of youth physical
activity[25]. Among these studies, features of the built
environment such as access to equipment, facilities, or
programmes were investigated most often, but were gen-
erally unrelated to physical activity. However, other stud-
ies that measured spatial access to recreational facilities,
including parks, have shown that access is associated with
increased physical activity in youth [26-28]. Some studies
that examine the association between spatial access, meas-
ured either objectively or subjectively, to various types of
recreational space (e.g., indoor facilities, outdoor parks)
and childhood overweight/obesity status, show signifi-
cant inverse associations [26,27]. For example, Veugelers
and colleagues (2008) found that grade five children in
Nova Scotia, Canada, who lived in neighbourhoods
where parents perceive good (as opposed to poor) spatial
access to playgrounds and parks, were less likely to be
overweight or obese[27]. Gordon-Larsen and colleagues
(2006) objectively measured community-level spatial
access to a variety of types of recreational facilities/parks
and found that children with access to more facilities/
parks were less likely to be overweight[26]. However,
another study conducted with low-income pre-school
children in the US showed no association between objec-
tively-measured proximity to playgrounds and childhood
obesity[28]. A Canadian study examined the number of
physical activity facilities (including parks and play-
grounds) in a child's neighbourhood and found no asso-
ciation with body weight status[23]. However, the authors
note that playground distribution is very equitable in the
city studied, which may explain the lack of associations.
These studies suggest that spatial access to parks/green
space may be an aspect of the built environment that is
associated with childhood overweight/obesity.

Limitations of earlier studies on the relationship between
obesity and the built environment in children include a
reliance on self or parent reported data for BMI, a lack of
objectively measured data for physical features of the
environment, and limited discussion of how associations
may be context-specific; for example, presence and prox-
imity of parks may be important in areas with high pedes-
trian activity but less important in car-dominated areas.
The study undertaken addresses these limitations by using
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measured height and weight data for a large representative
sample of children and Geographic Information Systems
(GIS) to objectively measure four dimensions of spatial
access to parks/green space. GIS has proven valuable
when studying spatial access to parks [29,30] and ele-
ments of the built environment that relate to obesity[31].

The aim of this study is to examine the association
between spatial access to parks/green space, measured in
four different ways, and childhood overweight/obesity in
the specific context of Calgary, Canada. We focus our anal-
ysis on spatial access to parks/green space by including
measures of ease with which parks/green space can be
reached (e.g., distance) as well as the proportional area or
number of parks/green space within communities. Cal-
gary is one of Canada's major metropolitan areas and is
characterized by rapid population growth, which has led
to intensified urban sprawl. According to recent data from
Statistics Canada, Calgary is a city characterized by more
car travel than nearly all other major Canadian centres
[32,33] and thus provides a unique opportunity to exam-
ine these associations and explore the conditions under
which specific built environment features may or may not
matter.

Methods
Data Source and Participants
Measured height and weight data were obtained from
8,401 children in Calgary, Canada who presented to a
public health clinic for their regular (scheduled to occur
before entering grade one) vaccination between January
2005 and January 2006. Region statistics indicate that
80% of children are vaccinated at these clinics and there-
fore the majority of children were captured[34]. The
detailed data collection protocol has been described else-
where[34]. We used each child's measured height and
weight to calculate their BMI and classify each child as:
neither overweight nor obese, overweight, or obese
according to the international BMI cut-off points estab-
lished by Cole and colleagues (2000)[35]. These interna-
tional cut-offs are recommended for research purposes in
Canada[36]. As part of the data collection process, a home
postal code was recorded. Each record was geocoded by
postal code using the Postal Code Conversion File within
ESRI ArcGIS 9.2[37]. Ethics approval was obtained from
the University of Calgary's Conjoint Health Research Eth-
ics Board.

Geographic Unit of Analysis
In Calgary, there were 185 distinct communities as of
2001. Communities in Calgary are reasonable territorial
units for the study of small-area exposures because they
were constructed on the basis of social, historical and geo-
graphic criteria[5]. Calgary communities are locally rele-
vant and well-known to residents[5].

Measures
Age and sex were recorded when the child visited the pub-
lic health clinic. No other individual-level sociodemo-
graphic information was available. As a proxy for an
individual child's family income we obtained data on the
median dissemination area (DA) family level income
from the 2001 Canadian census (DAs are the smallest geo-
graphic unit at which the census is publicly distributed.
They vary in size but are created to contain a uniform pop-
ulation (400 to 700 people) within its boundaries)[38].
Also from the census, we obtained data on community-
level education (proportion of adults in a community
with at least a completed Bachelor's degree), and the pro-
portion of the total community population that is a visi-
ble minority.

Parks/green space in this study refers to all public parks,
schools (i.e., school fields) and recreation areas (e.g., pub-
lic riverfront) within the city (data retrieved from the City
of Calgary [39]). Parks/green space that were greater than
one km2 (e.g., provincial parks) were deemed to serve the
entire population of the city [40] and were removed from
this analysis. Our first measure of access to parks/green
space was a simple count of the number of parks/green
space (based on their area centroid) per 10,000 residents
(based on the 2001 population). Our second measure
represented the geographic area (km2) of parks/green
spaces as a proportion of the total area within a commu-
nity. To account for the likelihood that people cross com-
munity boundaries to visit nearby parks/green space we
used two additional measures of access to parks/green
space applying current GIS methods[29]. Our third meas-
ure was the average distance to the nearest park/green
space. The Network Analyst extension of ArcGIS 9.2 was
used to determine the distance from each child's residen-
tial postal code location to the nearest park/green space
centroid. The average of these nearest distances was calcu-
lated for each community. Distance was calculated along
the road network using the DMTI Spatial CanMap® Route-
Logistics file[41]. Our fourth measure of parks/green
space access was the proportion of park/green space serv-
ice area as a proportion of the total area within a commu-
nity. Network Analyst was used to create 800 meter service
areas around each park/green space based on the Can-
Map® RouteLogistics file[41]. This distance has been spec-
ified as the maximum distance residents will walk to reach
a community park/green space in a Canadian city with
similar geographic characteristics to Calgary[29]. This
index gives us insight into the amount of area serviced by
a particular park/green space, while taking into account
the crossing of boundaries.

Analytic Procedure
We applied multivariate multilevel regression methods to
quantify the association between each of the four parks
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measures (second or community-level) and childhood
overweight/obesity (first or individual-level), adjusting
for first- and second- level covariates. Multilevel analytic
methods can account for the clustering of children's
observations within communities and allow for estima-
tion of the effects of both individual-level and commu-
nity-level variables[7,42]. We combined the overweight
and obese categories due to the small number of children
classified as obese (4.5%). Our model was a two-level,
random-intercept logistic regression with childhood over-
weight/obesity as the binary outcome (1 = overweight/
obese; 0 = normal or underweight). Sex and dissemina-
tion area median family income (proxy for individual
family income) were considered as individual-level cov-
ariates. For our four measures of parks/green space, we
treated the variable as continuous when the distribution
appeared normal, and created tertiles when the distribu-
tion was markedly non-normal. Each park variable was
examined separately. Community-level education and
proportion of visible minorities were examined as com-
munity-level covariates.

Results
The mean age of the children was 4.95 years (range 3.0 to
8.01 years). Although most children received this vaccina-
tion between the ages of 4 and 6 years, some children are
immunized throughout the school year, and therefore
may be slightly older[43]. The median DA income (proxy
for individual family income) for Calgary was $70,390
(range $11,006 to $246, 151). The mean proportion of
adults with at least a completed Bachelor's degree was
23.8% (2.7% to 67.3% range) and the mean proportion
of visible minorities in the community was 18.3% (2.7%
to 67.6% range).

From the total 8,401 children in the original study, the
following exclusions were made: 427 due to failure to
geocode (i.e., missing postal code), 676 due to an insuffi-
cient number of records within a geographic unit (i.e.,
data for fewer than 20 children within a community), 70
due to missing BMI information, 2 due to being an outlier
for age (defined as plus or minus 3.29 for an age z-score
[44]), and 454 due to lack of income information in out-
lying areas in 2001. The final sample contained 6,772
children (3,332 girls and 3,450 boys).

Of this sample, 16.1% of children were either overweight
or obese (16.3% girls, 15.9% boys). We had information
on 1,559 of the children removed from the analysis and
these children were not significantly different from those
included in regards to sex or overweight/obesity propor-
tion. Within Calgary's boundary, there were 862 areas des-
ignated as 'public park, school or recreation' covering 79
km2 or 10.9% of the city's total area. Once the larger
parks/green spaces were removed, 852 parks remained for

inclusion in the analysis covering 42 km2. Our four meas-
ures of parks/green space access had the following distri-
butions: number of parks/green space per 10,000
residents (range 0 to 150.7), proportion of parks/green
space area (range 0 to 23%), average network distance to
a park/green space (256.2 to 4,639.2 m), and proportion
of parks/green space service area (0 to 100%).

Beginning with 185 communities, we removed communi-
ties with data for fewer than 20 children [45] (n = 68) and
communities with missing information for DA income (n
= 12). The resulting 105 communities had an average area
of 3.0 km2 (range 0.8 to 6.8 km2), and a mean population
of 6,811 people (range 430 to 17,075).

The random intercept model allowed us to first ascertain
that there was significant between-community variation
in the outcome variable (overweight/obesity); p = < .001.
We then systematically entered individual and commu-
nity-level variables. Table 1 shows both the partially
adjusted (sex and DA income) and fully adjusted (sex, DA
income, community-level education, and community %
visible minority) models for each parks/green space varia-
ble. Across all four parks/green space variables, we
observed only one marginal finding: a moderate number
of parks/green space per 10,000 people at the community
level was associated with reduced risk of childhood over-
weight/obesity compared to a low number of parks/green
space per 10,000 people at the community level (p =
0.066). In the fully adjusted model the effect was reduced
to non-significance, although the actual size of the effect
was only slightly reduced (OR changed from 0.84 to
0.89). As seen in Table 1, the effects of our three other
parks/green space variables (proportion of parks/green
space area, average network distance to a park/green
space, and proportion of parks/green space service area)
were non-significant in both the partially and fully
adjusted models. The analysis was repeated including
parks/green space over one km2 and the results did not
change (data not shown).

For all models, examining the individual-level variables
revealed that increasing income (DA level) was associated
with reduced risk of overweight/obesity though the effect
was very small. Sex had no significant effect. Examining
community-level variables revealed that increasing com-
munity-level education was associated with a reduced risk
of childhood overweight/obesity, while community pro-
portion of visible minorities had no significant effect.

Figure 1 illustrates the patterns for a) overweight/obesity
across Calgary and b) number of parks/green space per
10,000 people by community. There is a clear pattern
whereby communities that have more overweight/obese
children tend to be in the lowest tertile for number of
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parks/green space per 10,000 people. Figure 2 illustrates
a) proportion of visible minority by community and b)
proportion with at least a completed Bachelor's degree by
community. Figure 2 illustrates that the marginal finding
for having a moderate versus low number of parks/green
space per 10,000 people, in the partially adjusted model
is a result of the patterns for community-level education
and proportion of visible minority.

To explore the possibility that the influence of parks/green
space variables differed by sex, or by income, we con-
ducted post hoc testing of each parks/green space variable

as a predictor of the sex-overweight/obesity association,
and the income-overweight/obesity association. In no
instance were significant interactions detected (data not
shown).

In fully adjusted models, the variance component of the
intercept remained significant (p-values ranged from
0.026 to 0.034), indicating that between-community var-
iation in children's overweight/obesity remains and
reflects unmeasured variables above and beyond those
included here.

Table 1: Partially and fully adjusted multilevel models examining the association between four different measures of spatial access to 
parks/green space and childhood overweight/obesity.

Partially Adjusted (Sex and Income) Fully Adjusted 
(Sex, Income, Education, Visible Minority)

Odds Ratio (95% CI) P-value Odds Ratio (95% CI) P-value

Park Variable (Parks/10,000)
Parks/10,000 (Low) 1 1
Parks/10,000 (Moderate) 0.84 (0.69-1.01) p = 0.066 0.89 (0.75-1.06) p = 0.193
Parks/10,000 (High) 0.92 (0.75-1.15) p = 0.463 1.02 (0.83-1.26) p = 0.857
Sex (female) 1.02 (0.88-1.17) p = 0.830 1.01 (0.88-1.17) p = 0.856
Income (DA level) 0.10 (1.00-1.00) p < 0.001 0.10 (1.00-1.00) p = 0.000
Completed at least Bachelor's degree 
(%)

- - 0.26 (0.12-0.55) p = 0.001

Visible Minority (%) - - 1.43 (0.78-2.62) p = 0.246

Park Variable 
(Proportion of Park Area)
Proportion of Park Area 0.54 (0.07-3.95) p = 0.537 0.55 (0.08-3.90) p = 0.550
Sex (female) 1.01 (0.88-1.17) p = 0.839 1.01 (0.88-1.17) p = 0.864
Income (DA level) 0.10 (1.00-1.00) p < 0.001 0.10 (1.00-1.00) p = 0.000
Completed at least Bachelor's degree 
(%)

- - 0.27 (0.12-0.57) p = 0.001

Visible Minority (%) - - 1.49 (0.81-2.70) p = 0.199

Park Variable 
(Average Network Distance)
Average Network Distance to Park 
(Low)

1 1

Average Network Distance to Park 
(Moderate)

0.94 (0.77-1.16) p = 0.564 0.88 (0.72-1.07) p = 0.190

Average Network Distance to Park 
(High)

0.88 (0.72-1.07) p = 0.201 0.87 (0.73-1.04) p = 0.127

Sex (female) 1.01 (0.88-1.17) p = 0.858 1.01 (0.88-1.17) p = 0.900
Income (DA level) 0.10 (1.00-1.00) p < 0.001 0.10 (1.00-1.00) p = 0.001
Completed at least Bachelor's degree 
(%)

- - 0.25 (0.11-0.55) p = 0.001

Visible Minority (%) - - 1.50 (0.83-2.73) p = 0.183

Park Variable 
(Proportion of Park Service 
Area)
Proportion of Park Service Area 1.35 (0.82-2.22) p = 0.235 1.35 (0.83-2.18) p = 0.225
Sex (female) 1.01 (0.88-1.17) p = 0.855 1.01 (0.88-1.16) p = 0.879
Income (DA level) 0.10 (1.00-1.00) p < 0.001 0.10 (1.00-1.00) p = 0.001
Completed at least Bachelor's degree 
(%)

- - 0.27 (0.13-0.56) p = 0.001

Visible Minority (%) - - 1.51 (0.84-2.72) p = 0.169
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Discussion
We examined the associations between four measures of
spatial access to parks/green space at the community level
and childhood overweight/obesity in Calgary, Canada.
Overall, our results suggest that spatial access to parks/
green space per se has a limited direct association with
childhood overweight/obesity in this context. Nonethe-
less, our findings raise some interesting discussion points.

First, we observed marginal significance in the partially
adjusted model where children living in communities
with a moderate number of parks/green space per 10,000
people had lower odds of being overweight/obese com-
pared to those living in communities with a low number
of parks/green space per 10,000 people. In the fully
adjusted model the effect was slightly reduced and
became non-significant. Although our finding for number

of parks/green space per 10,000 was small and non-signif-
icant we feel that this finding merits a brief comment
given the local circumstances in Calgary. Currently, the
City of Calgary's planning guidelines advocate the devel-
opment of one centrally located park within new commu-
nities as opposed to several small parks[46]. Given the
possibility that the number of parks/green space in and
around a child's community may be associated with child-
hood overweight/obesity our results raise the suggestion
that City guidelines should be periodically reconsidered.

However, we have to keep in mind that the effect of the
number of parks/green space per 10,000 residents was not
significant once we controlled for community-level edu-
cation and proportion of visible minorities, speaking to
the importance of these sociodemographic circumstances
in relation to obesity as identified in other studies[47,48].

Childhood Overweight/Obesity, and Parks/Green space per 10,000 in Calgary communitiesFigure 1
Childhood Overweight/Obesity, and Parks/Green space per 10,000 in Calgary communities.

(a)  Locations of overweight/obese children (b) Parks/green space per 10,000 people by community

Data Sources:
Community Boundary: Statistics Canada (2001); Parks/Green Space: City of Calgary Landuse Data (2001); BMI Data: Alberta Health Services (Calgary Zone) (2005). 
Children were mapped using their residential postal code locations; IOTF classification was used to define overweight or obese.
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For example, Janssen and colleagues (2006) found that
children living in communities with a high percentage of
residents with less than a high school education had an
increased likelihood of both obesity and unhealthy eat-
ing[47]. Since education can be used as a proxy for health
literacy [49] it may represent a community's collective set
of attitudes and beliefs about obesity including social
norms related to diet and/or exercise in a community[50].
Review articles have discussed how U.S. communities
with a high proportion of minorities have reduced neigh-
bourhood access to supermarkets that provide access to a
mix of healthful food products at reasonable cost and
higher than average exposure to fast food restaurants
[51,52] all of which may contribute to childhood obesity.
These findings suggest that both ethnic and education fac-
tors at the community level (including culture, norms and

health knowledge, beliefs, values and behaviours) are
likely important factors in determining obesity risk.

Examining our individual-level variables in all of our
models, we observed that DA income (as a proxy for indi-
vidual family income) was negatively associated with
overweight/obesity though the effect was small. This find-
ing is consistent with Canadian studies that have shown
an inverse association between various measures of family
and/or household income (e.g., parent reported house-
hold income, youth perceived family wealth) and child-
hood obesity risk [47,53,54]. Recent studies provide
several plausible explanations for the association between
family and/or household income and childhood obesity.
First, children from higher income families are more
likely to have a family structure including two parents [55]

Proportion of people with at least a completed Bachelor's degree and Proportion of Visible Minorities in Calgary CommunitiesFigure 2
Proportion of people with at least a completed Bachelor's degree and Proportion of Visible Minorities in Cal-
gary Communities.

(a) Proportion of visible minorities by community (b) Proportion with at least a completed Bachelor's 
degree by community

Data Sources:
Community Boundary: Statistics Canada (2001); Visible Minority and Education: Statistics Canada Census (2001).
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who are more involved in their physical activities and also
have the time to frequent other activities with them[56].
Additionally, two-parent families typically include a
father in the home, and a recent review highlighted that
fathers have been shown to be the most important role
model for physical activity in young children[25]. Chil-
dren from families with a higher income may also be
more likely to have access to other important determi-
nants of body weight including healthy foods [27,57] and
have more opportunity to participate in organized sports
and other physical activity pursuits that are often costly
and require parental support[58,59]. Overall, our finding
that higher family income (even when using DA level
income as a proxy) is associated with reduced risk of over-
weight/obesity in children is consistent with the above
Canadian studies.

Our other measures of parks/green space access, propor-
tion parks/green space area, average network distance to
the nearest park/green space, and proportion of parks/
green space service area were not associated with child-
hood overweight/obesity. Our null findings on these var-
iables differed from findings of two recent studies that
have reported that greater neighbourhood park access was
associated with lower risk of overweight/obesity[26,27].
These inconsistent findings may reflect differences in our
methodologies with one of the above studies examining
access to a variety of physical activity facilities combined
with parks and obesity in grade 7 to 12 students [26] and
the other examining parent's subjective measures of park
access and overweight/obesity in grade 5 students [27].
Methodological considerations may also explain our null
finding for proportion of parks/green space service area.
While the use of this particular variable is common in the
spatial accessibility literature [29] there is an issue with
this measure in the context of Calgary. Parks/green space
service area does not account for community size and
bases its measure on number of parks/green space as
opposed to size of the parks/green space. Therefore, this
measure may not be appropriate for use in cities, like Cal-
gary, where community size varies drastically. We also
found no significant association for proportion of parks/
green space but note that this may have resulted from the
small range and thereby relatively equitable distribution
of proportion of parks/green space across Calgary com-
munities.

Our null finding for average distance to a park/green space
is consistent with another study that found no association
between average distance by street travel to the nearest
park and childhood obesity in a population of US low-
income pre-schoolers[28]. Additionally, this null finding
supports the idea that average distance to parks/green
space may not be an important feature of the built envi-
ronment in communities like Calgary that are character-

ized by high car use. A recent Canadian study showed
that, while 49% of parents reported frequenting the park
closest to their home, the majority of respondents
reported travelling more than 4 km to get to their desired
park[60]. For those parents who chose to travel to a park,
park location was not as important as park amenities[60].
Given that Calgary is a city characterized by a high
amount of car travel, it seems plausible that whether parks
are nearby or not is perhaps irrelevant to many Calgarians,
who would opt to drive to a more desired park [32,33] or
to drive their child to organized activities.

Considering the consistency of our null findings across all
of the fully adjusted models, it is possible that spatial
access to parks/green space is truly not pertinent to over-
weight/obesity in young children living in cities similar to
Calgary. This conclusion is supported by another Cana-
dian study, conducted in a city comparable to Calgary,
that found no association between the number of physical
activity facilities, including parks and playgrounds, and
childhood overweight/obesity in a similar population of
young Canadian children[23]. It is also possible that our
findings reflect a disconnect between physical activity and
obesity; namely, perhaps our measures of parks/green
space access has implications for physical activity in Cal-
gary (which we did not measure), but that its implications
do not show up when we examine overweight/obesity.
This would be an important question for future research.
Also important is the fact that access to parks/green space
does not equal utilization and therefore gaps remain in
terms of clarifying the associations between access to
parks/green space, actual usage, and the implications - if
any - for weight. It is also possible that Calgary's climate,
characterized by long and sometimes very cold winters
precludes parks/green space, despite their location, from
being an important resource for children.

One limitation of our study is the temporal disconnect
between census data (from 2001, the most current availa-
ble at time of writing) and the height and weight data
which were collected in 2005. As a result, some children's
postal codes corresponded to a community that had not
been developed at the time of the 2001 census. These chil-
dren had to be excluded from the analysis, which led to a
reduction in the effective sample size both for children
and for communities. Another limitation is that not all
families choose to vaccinate their children and it is possi-
ble that these families are of lower socioeconomic sta-
tus[43]. Since there is evidence to suggest that children of
lower SES may be at increased risk of overweight/obesity
[47,53,61] this study may underestimate the prevalence of
overweight/obesity and may be underestimating the
effects of parks/green space access on childhood over-
weight/obesity. And finally, the cross-sectional nature of
the data clearly precludes discussions about causality.
Page 8 of 10
(page number not for citation purposes)



International Journal of Behavioral Nutrition and Physical Activity 2009, 6:77 http://www.ijbnpa.org/content/6/1/77
Strengths of this study include the high quality of the
height and weight data, which were obtained from
directly measuring a large number of Calgary children
reporting to vaccination clinics. Also, the use of GIS
allowed for full coverage of Calgary and objectively meas-
ured data for each parks/green space variable. Further-
more, this study's examination of four different measures
of spatial access to parks/green space allowed us to tap
into the breadth of ways to measure parks/green space
access.

There is an important opportunity to further this line of
research by examining ongoing development of new com-
munities in relation to the overweight/obesity status of
children. This is especially relevant in the Calgary context,
since the city is experiencing tremendous growth with
many new community designs being constructed. Thus,
Calgary's unique context provides an important opportu-
nity for future research to examine several characteristics
of the built environment, including the effects of current
park/green space planning policies[46]. Since the devel-
opment of childhood overweight/obesity is complex and
multifactorial, future research studies need to examine a
more exhaustive set of possible etiological factors. Over-
all, the findings of this research suggest that the relevance
of spatial access to parks/green space in terms of its asso-
ciation with childhood overweight/obesity are likely con-
text specific and in some cities such as Calgary, having
good spatial access to parks/green space may not be an
important feature of the built environment.

Conclusion
This study's results indicate that the association between
spatial access to parks/green space and childhood over-
weight/obesity may be different in various urban contexts.
Our null findings in Calgary, Canada suggest that spatial
access to parks/green as a feature of the built environment
may be less relevant to childhood overweight/obesity in
car dependent cities and communities.
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