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Abstract: Urban form can have an impact on health outcomes in children, and the synthesis of
findings can identify gaps in the literature and regional reviews may help guide policymakers. This
study aims to complete a scoping review of the research relating urban form to health outcomes in
children and adolescents from urban Canadian settings. Thirteen online databases were searched
to identify studies that had objective measures of urban form and health outcomes. Two research
assistants independently reviewed 27,444 titles and abstracts, and 176 full-text articles, returning
32 unique studies with youth-specific data. The majority of the included studies were cross-sectional
or ecological (n = 26). Six studies used Canada-wide data and the rest were from Ontario (n = 11),
Alberta (n = 6), and Quebec (1 = 6). Urban form characteristics included neighbourhood food
environment (n = 11), parks/natural space/greenness (1 = 10), road or intersection characteristics
(n =7), and aggregated urban form measures (n = 7). Studies examined a variety of health outcomes:
the majority considered weight status (n = 16) and injury (1 = 10). Although there is over-reliance
on mainly cross-sectional study designs, there is evidence suggesting that urban form is associated
with health outcomes in Canadian youth, with parks/greenspace, road connectivity, and road
characteristics most consistently associated with health outcomes in youth.

Keywords: urban form; child; youth; adolescent; food environment; health; injury; obesity; built en-
vironment

1. Introduction

Population-level interventions are needed to reduce the incidence of lifestyle-related
diseases that significantly burden provincial healthcare systems [1]. Creating a health-
supportive urban form, a population-level intervention, has been identified as an important
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strategy for reducing chronic disease risk and promoting healthy behaviours in Canada
and globally [2,3]. A previous scoping review explored the relationship between health
outcomes and urban form (referring to “physical surroundings and features such as parks,
streets, buildings, destinations and land uses, connectivity, density, sidewalks and paths,
lighting, aesthetics, and architecture” [4]) specific to research undertaken in Canada [4]
and found consistent associations between transportation routes/connectivity and injury
as well as aggregate neighbourhood measures of walkability and weight status [4]. The
review, however, was not generalizable to the entire population as it was restricted to
adults. This is significant as urban form may influence behaviours and health outcomes
differently in children and adolescents insofar as their primary use of the urban form may
differ (i.e., for recreation rather than utilitarian). Furthermore, there is evidence that health
behaviours (e.g., physical activity) and risk factors for health conditions (e.g., overweight,
diabetes, metabolic syndrome) track from childhood into adulthood [5-7]. Poor health
in children and youth may lead to poor health in adulthood, and thus it is important to
consider interventions that serve as primary prevention tools: younger populations and
their interactions with the urban form should be targeted to improve health early in life.
When guiding decision making and future directions related to land use and envi-
ronments that are health-supportive, especially in Canada, reviews provide a resource to
synthesize impactful findings [8]. Previous systematic reviews on urban form and health,
however, typically do not stratify their findings by country or geographical region and,
despite being informative, lack specificity, feasibility, and relevance for aiding local (Cana-
dian) decision making [4]. Previous work has indicated differences exist between countries
with regard to physical activity and health outcomes. For example, differences in cycling
levels exist between the United States and Canada [9], which might be explained, in part,
by differences in urban form, costs of vehicle ownership, income levels, and cycling experi-
ence between the two countries [9]. Other studies have found cross-national differences in
associations between socioeconomic status and youth obesity attributed to differences in
“social, economic, and environmental factors” across countries [10]. Researchers have also
found country differences in youth obesity attributable to socio-demographic and political
variation, macro-economic indicators, federal public health spending, number of motor
vehicles, and overall health status across European countries [11]. The climatic, cultural,
political, legislative, and healthcare system differences between countries suggest that syn-
thesizing findings from studies undertaken within a single country is a potentially useful
strategy for informing local urban planning strategies and policies that have the ability to
improve health [4,11,12]. Indeed, existing systematic reviews on urban form and health in
children and youth are often heavily weighted towards particular countries (e.g., USA [13])
or contain little evidence specifically from Canada [14]. Thus, evidence from such reviews
does not always offer evidence that is generalizable to Canada or constituent provinces.
The influence of specific built environment changes may affect health outcomes within
particular countries differently due to the inherent social norms and culture; that is, all
things being equal, a change in urban form might result in different health behaviours and
outcomes depending on the context of that particular country. In children, cross-cultural
differences and their subsequent effect on active mobility are more pronounced given that
“the impact of the built environment is influenced by the decision making of parents as the
gatekeepers of their behaviour” [15]. Caregiver views and social/cultural norms can have
as significant an influence on active school transportation as the urban form (i.e., building
sidewalks) [16]. Variations in the perception of safety across countries and regions [17],
alongside national policies and norms such as cost for children to bus to school, walking
school bus funding, and working parents, can differ across countries and influence child
active transportation [18]. Irregularities brought about by national policies, cross-cultural
practices, and social norms suggest that even if the same intervention and environment
were implemented across countries, the magnitude (and perhaps direction) of effect may
differ considerably due to regional differences not captured solely by the urban form. In
fact, there may even be regional differences within a single country; however, when data
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reviewed pertain to a single country, it is possible for information to be organized with due
consideration of political boundaries (i.e., provinces).

While there has been recent work summarizing evidence related to health outcomes
associated with urban form in adults in the Canadian context [4,19], there is no single
resource that specifically addresses these associations in children and youth. Using a
scoping review strategy, we summarized studies investigating the associations between
urban form and health outcomes in children and adolescents in Canada. From this review,
we sought to better understand the methods and findings of research being undertaken
in Canada on this topic, specifically what health outcomes are being studied in relation
to urban form, what urban form characteristics have been of focus to date, the strategies
used to objectively measure urban form, and the geographical locations of where, and
the populations within which, studies have been conducted. Through our review, we
identify knowledge gaps and propose potential future directions for research with a focus
on how policy and placemaking could affect the health of children in Canada. This scoping
review [20] strategy allows flexibility to map current knowledge related to relatively
broad research questions, in contrast to a systematic review that is limited to a particular,
often specific, question. Importantly, this scoping review will be useful for informing the
development of specific research questions related to urban form and health outcomes in
Canadian children and adolescents.

2. Materials and Methods
2.1. Overview

To facilitate greater reproducibility and transparency, this review follows the method
proposed by Arksey and O’Malley [20] as well as the PRISMA scoping review guide-
lines [21]. This review, focussed on children and adolescents, complements a previous
scoping review, which was undertaken to better understand the associations between
urban form and chronic health conditions among adults in Canada [4].

2.2. Inclusion Criteria

Inclusion criteria were guided by our previous research but restricted to children and
youth [4]. Studies were considered eligible if they included all of the following: a sample
recruited from a Canadian population; a focus on the youth population (<18 years of age);
an objective measure of urban form (exposure); and a measure of health outcomes. The
objective measure of urban form, for example, might include the density of convenience
stores within a 500 m radius of a child’s home. This is in contrast to subjective measures
whereby parents or children might report perceptions regarding the walkability of their
neighbourhood. Thus, our review only included quantitative studies or mixed method
studies with a quantitative component. The focus of the review was on health outcomes,
but not health behaviours. For instance, studies that exclusively examined active school
transportation, physical activity, sedentary behaviour, diet, smoking, alcohol, or other drug
use but did not include health outcomes (e.g., disease, injury, well-being, mortality) were
excluded. Studies where there was no direct physical interaction between urban form
characteristics and the participant were excluded. For example, studies exclusively investi-
gating pollution, electromagnetism, and traffic noise, or where urban form was explicitly
used as a proxy for pollution, were excluded. We also restricted our review to studies
undertaken in urban settings and excluded studies that only sought to compare urban
versus rural areas. Studies with samples that included both youth and adult participants
remained in the review if they estimated separate associations between urban form and
health among youth.

2.3. Search Strategy

Our scoping review included peer-reviewed articles only and excluded other types of
publication (dissertations, conference abstracts, commentaries, and reviews). We examined
reference lists of relevant reviews; however, this did not result in the inclusion of any
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articles not already captured in the initial search. There were no restrictions on article
language. The search strategy did not restrict articles based on their publication date and
included articles from all available years.

Our scoping review included a search of thirteen online databases (CINAHL, EMBASE,
Environment Complete, MEDLINE, PsycInfo, PubMed, Scopus, SocIndex, SportDiscus,
TRID, Urban Studies, Web of Science, and CAB Abstracts). The search strategy and
databases used were guided by a librarian scientist (University of Calgary) and informed
by a previous scoping review [4]. The search was completed in February 2021. Separate
title, abstract, and keywords searches were conducted for the urban form (n = 58), Canadian
geography (n = 46), and population-specific terms (n = 19) (MEDLINE search strategy in
Figure S1). We combined the three searches to identify relevant studies. A subsample
of abstracts (n = 3000) was selected to evaluate consistency in applying the inclusion
and exclusion criteria by the two research assistants (inter-rater reliability: kappa = 0.73;
95% CI: 0.63-0.83 and percent of overall agreement = 99.1%). Similarly, the two research
assistants applied the inclusion and exclusion criteria to selection of the full-text articles
(inter-rater reliability: kappa = 0.57; 95% CI: 0.42-0.71 and percent agreement = 81.4%).
Where disagreement regarding abstract or full-text article inclusion or exclusion existed,
the research assistants reached consensus with guidance from the other authors.

2.4. Synthesis

Two research assistants (T.P. and J.A.) developed the data chart, based on a previous
scoping review in Canada [4], for the full-text evaluation and data extraction. The data
charting included information on the journal, year of publication, year(s) studied, author
information, city/province/country of study, study design, peer review status, health
outcome(s), urban form characteristic(s), data source, sample size, statistical estimate of
association or statistical comparison, covariates included in the model, and main outcomes.
Studies were grouped by urban form characteristic(s) informed by an existing framework
on the urban form [18]. In the context of social determinants of health and health promotion,
this framework emphasizes the modifiability of urban form categories (e.g., land use,
transportation systems, and public resources). Briefly, the framework includes four levels;
the first consists of natural environment, macrosocial, and inequalities. These fundamental
factors influence the next intermediate levels of built environment and social context, with
emphasis on the built environment (the built-up area existing within the urban form).
These intermediate factors, in turn, affect proximal factors such as stressors (e.g., violent
crime and financial insecurity), health behaviours, and social integration/social support.
Finally, these proximal factors influence health and well-being; this category is subdivided
into health outcomes and well-being. Health outcomes related to the urban form include
the categories of infant and child health, obesity, cardiovascular diseases, diabetes, cancers,
injuries and violence, infectious disease, respiratory health, mental health, and all-cause
mortality [22]. These categories for urban form and health outcomes were used to inform
the way in which articles included in the review were categorized.

3. Results
3.1. Overview of Included Studies

The search returned 38,196 titles, and after de-duplication, there were 27,444 unique
titles and abstracts for review (Figure 1). After abstract screening, 176 titles were considered
eligible for full-text review. After applying the inclusion and exclusion criteria, we extracted
data from 32 full-text (31 English and 1 French language) articles estimating associations
between urban form and health outcomes among children (Table S1). A brief overview of
frequency by category is provided in Table 1.
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Figure 1. PRISMA-ScR flow chart of included and excluded studies.
Table 1. Study count by urban form and health outcomes in Canadian studies.
Aggregate Residential . ~ School
I?e Cccr:saiit)on Measures Neigh- Parks/Natural Popl;lratlon Road I::::i;;ol: Neigh- Street
Measure . of Neigh- bourhood Space/ . Den- bourhood Connec- Total
Opportuni- . Dwelling . Character- X . .
. bourhood Food Envi- Greenness . sity s e Food Envi- tivity
ties Desi Density istics
esign ronment ronment
Alle;glc Rhinitis and 0 0 0 1 0 0 0 0 0 1
ensitization
Asthma or
Respiratory Illness 0 ! 0 0 0 0 0 0 0 !
Emotional
Well-Being 0 0 0 2 0 0 0 0 0 2
Health-Related
Quality of Life 0 0 0 ! 0 0 0 0 0 !
Injury 0 1 0 1 2 1 5 0 0 10
Mortality 0 0 0 0 0 0 1 0 0 1
Weight Status 4 4 6 5 0 0 1 5 1 26
Total 4 6 6 11 2 1 7 5 1 —

Articles included in this review were published between 1992 and 2019. Despite this
publication date range, the data included in these articles were collected between 1978
and 2017. Of these studies, however, 25 were published after 2010 and only one was
published before the year 2000. Studies were published in multiple disciplines with a
focus on public health and medicine (e.g., International Journal of Obesity, AIMS Public
Health, Public Health Nutrition, Canadian Journal of Public Health, International Journal
of Public Health, BMC Public Health), injury (e.g., Injury Prevention, Accident Analysis
& Prevention, Injury Epidemiology, Traffic Injury Prevention), and environmental health
(e.g., International Journal of Environmental Research and Public Health). The majority of
studies were cross-sectional or ecological (1 = 26), and the remaining studies were case—
control (n = 3) or longitudinal (n = 3). Six studies used Canada-wide (population-level) data
(Canadian Community Health Survey [23], Canadian Health Measures Survey [24], and
Health Behaviour in School-Aged Children Survey [25-28]). The remaining articles were
geographically specific, including data collected in Ontario (1 = 11), Alberta (n = 6), Quebec
(n = 6), British Columbia (n = 2), Saskatchewan (n = 1), and Manitoba (1 = 1) (note that some
studies may examine multiple provinces). There were no other provinces or territories
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represented with geographically specific results. Only five studies used the entire age range
of under 19 years [28-33]. Other studies included specific age groups (e.g., 8-10 years of
age [34-37], under 14 years [38], over 14 years [39]) or school grade groups (e.g., Grades
6-10 [40-42], Grades 5-6 [43], Grades 1-4 [44], and Grades 5-8 [45]). Some studies used the
same cohort data from the Quebec Adipose and Lifestyle Investigation in Youth (QUALITY)
cohort [28,34-36]; this cohort was the only study using specific individual characteristic
inclusion criteria in addition to age: Caucasian students with at least one obese parent.
Sample size for studies ranged from as few as 33 [30] to as many as 326,383 children and
adolescents [41].

Studies examined a variety of health outcomes, including weight status (obesity /body
mass index/adiposity; n = 16), injury (n = 10), mental health (n = 2), asthma/respiratory
illness (n = 1), mortality (n = 1), allergic rhinitis (n = 1), and health-related quality of
life (n =1). Urban form characteristics investigated included parks, natural space and
greenness (n = 10), road and intersection characteristics (n = 7), aggregate measures of
neighbourhood (i.e., walkability, measure of sprawl, and neighbourhood design) (1 = 7),
residential neighbourhood food environment (1 = 6), school neighbourhood food environ-
ment (n = 5), access to recreation opportunities (i.e., sports facilities, playgrounds, etc.)
(n = 4), street connectivity (n = 3), population/dwelling density (n = 2), and road density
(n = 1). Studies often included multiple urban form characteristics simultaneously (e.g.,
food environment and walkability). Frequency of urban form and health outcomes were
mapped (Table 1).

3.2. Measurement of Urban Form

Urban form was measured most frequently using geographic information systems
(GIS) (n = 20). The analyses using GIS primarily included municipal data (n = 10) and DMTI
license databases such as CanMap and Enhanced Points of Interest (n = 9). Some stud-
ies also conducted in-person environmental audits [34,46,47], virtual confirmation using
Google Earth [46], or confirmation through business and telephone directories [23,37,48].
Two [34,47] of the in-person audits were based on an existing, previously validated instru-
ment (Parks, Activity and Recreation Among Kids Tool [49], Environmental Assessment
for Public Recreation Spaces instrument [50]), while all three included some measure of
inter-rater reliability [34,46,47]. GIS studies often defined buffers to identify geographical
areas of influence or exposure relative to the participant’s home address (1 = 6), school
neighbourhood (2 = 8), or residential neighbourhood (using postal code) (n = 5). Buffers
were estimated using street or walking networks (n = 7), radial distance (i.e., Euclidean)
(n =9), and administrative boundaries [25]; one study [46] included network and radial
buffers. Buffer sizes ranged from 500 [34] to 5000 m [40,41].

The 11 studies that did not use GIS relied on a variety of measures to retrieve urban
form data. Three studies used police traffic collision report data [31,32,38] and one study
used child death review unit data [26]. Four studies used previously validated aggregate
measures such as the Canadian urban sprawl index [42], a walk index [27], Street Smart
Walk Score [51], or a neighbourhood design classification [28]. The remaining studies
used community-level census data [34], Normalized Difference Vegetation Index for green-
ness [52], telephone book listings [53], or in-person audits using a previously validated
instrument [36].

Food environment was the most frequent urban form measure in the studies reviewed
and included food environment within the school (n = 5) and residential neighbourhoods
(n = 6), with one study [46] measuring the food environment in both. Food environment
was generally operationalized as proximity to, or density of, various food types. All food
environment studies included a measure of fast food restaurants, although they captured
these data in different ways. The most common measure of fast food was to indicate
the number/density of fast food restaurants within a buffer, [23,26,35-37,43-46], while
two studies measured distance to the nearest food outlet of interest [23,26]. Classification
of food types varied as two studies scored food options as “healthy” [23,43], with one
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study [23] considering price as well. The scoring of healthy versus unhealthy food was
informed by Canada’s Food Guide [43] or through a previously validated tool [54,55] to
classify food quality and price [23]. While not all studies classified the food environment
into healthy or unhealthy, they tended to have a mix of food options with only one [53]
focussing exclusively on fast food. The remaining studies also considered convenience
stores [35-37,44-46], grocery stores or supermarkets [23,43], and doughnut shops, coffee
shops, or bakeries [26,44,45].

3.3. Measurement of Health Outcomes

Health outcome data were measured or estimated through researcher or clinician mea-
sures (n = 13), self-report data (n = 6), derived from databases (1 = 10), or measured with a
questionnaire (1 = 3). Height and weight were primarily measured by trained researchers or at
a clinic [23,24,26,36,37,43-45,48,56]; however, height and weight were also self-reported [46],
parent-reported [47], and reported through the Canadian Community Health Survey [43] or
the Health Behaviour in School-Aged Children Survey [26]. Body composition was deter-
mined using dual-energy X-ray absorptiometry in two studies [34,35]. Injuries were measured
through police traffic collision report data [29,32,33,39,57], health record data [37,57], or
insurance reports [25]. Self-reported injuries in the last 12 months were measured in two
studies using the Health Behaviour in School-Aged Children Survey [39,41]. Respiratory
symptoms or illness were measured through health record data [58]. Allergy symptoms
were assessed in one study through physician diagnosis and skin prick testing [52]. Two
studies used validated questionnaires to evaluate health outcomes: the Cantril Ladder [28]
and the PedsQL questionnaire [58] were used to measure emotional well-being and health-
related quality of life, respectively.

3.4. Data Mapping

Individual study findings were mapped according to the urban form characteristics
and health outcomes examined. A summary of these findings is provided in Table S1, with
those studies reporting statistical associations in bold. Additionally, the main findings
for each study, along with the direction of the effect (when appropriate), are provided in
each cell; that is, when statistically significant results were reported, we indicate a positive
(when exposure increases, so too does outcome) or negative relationship (the inverse). If a
significant result was observed, but a comparison of categories was performed (i.e., one
park type versus another park type), the direction is not reported. If statistical significance
was not identified in a study, the direction of the effect is not provided. The most frequent
category mapped included studies that examined the relationship between weight status
and neighbourhood food environment (1 = 6). Of these six, five studies indicated a null rela-
tionship between weight status and fast food restaurants in the residential neighbourhood
food environment [26,36,37,40,43], with one indicating that, using previously developed
scoring tools [54,55], healthier fast food restaurants at lower prices were associated with
lower BMI [23]. Two studies indicated lower BMI with increased density of convenience
stores [23,36]. Density of healthy food options was associated with lower odds of higher
BMI [23,43] and greater distance to supermarkets was associated with higher BMI [43].
School neighbourhood food environment results were less consistent; one study indicated
an increased chance of high BMI with increased fast food density [46], one indicated lower
odds of high BMI with increased density of fast food [53], and three studies had null
results [35,44,45]. One study [53] indicated lower odds of BMI with increased number of
food retailers near schools regardless of type (fast food, sub/sandwich shop, doughnut
shop, etc.). Two studies [44,45] considered bakeries, convenience stores, and grocery stores
(in addition to fast food), and both indicated no evidence of a relationship between the
density of these food destinations and BMI.

The association between weight status and parks/natural space/greenness was con-
sidered in five studies [26,34,37,47,56]. Two of these studies found a statistically significant
relationship: one indicated that larger esthetic parks without sport features were associated
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with lower truncal fat [34] and another indicated that, while park density and distance
were not associated with weight status, children had higher odds of a healthy BMI when a
playground was within one kilometer of their home [47]. In addition, one study, using re-
cursive partitioning, demonstrated that parks within 500 m of the home may be important
for weight status in those at risk of obesity [37].

The relationship between injuries and road /intersection characteristics was the next most
frequent relationship investigated (1 = 5). All five studies included motor vehicle collisions
as the primary mechanism of injury; three studies focussed on pedestrians [32,33,38], one
focussed on bicyclists [56], and one included pedestrians, bicyclists, and motor vehicle
occupants [57]. These studies were diverse in the urban form characteristics examined. For
pedestrians, uncontrolled mid-block collisions had higher odds of injury than signalized
intersections [32], presence of an arterial road at an intersection was associated with higher
odds of injury [57], and road type was not associated with injury severity [33], but in one
study, one-way roads had higher odds of injury [38]. Bicyclists had lower odds of injury on
roads that were divided with no barrier and demonstrated no association between traffic
control devices and injury severity [31].

All but one study [30] provided a statistical analysis where confounders or covariates
were considered. Common covariates for studies included age (1 = 17), sex/gender (n = 19),
and a measure of socioeconomic status (n = 22). Other covariates that were considered
included parental BMI [35-37,47], diet [23,37,48], physical activity [27,45,53], and peer
influence [39,45].

4. Discussion

In the Canadian context, associations have been explored between urban form and
asthma [27], allergic rhinitis [52], health-related quality of life [58], injury [25,28,29,31-
33,38,39,41,57], mental health [40,51], and weight status [23,24,26,34,36,37,43,46—48,53],
for children and adolescents. These health outcomes could have a profound effect on
individuals throughout life given that health outcomes experienced in childhood may track
into and persist in adulthood [5-7]. Even the few health outcomes that were included
in our review findings may be of great public health importance given the relationships
between urban form and poor health outcomes at such early ages in Canada.

In addition to injury and weight status, previous work focussing on adults indi-
cated associations between urban form and blood pressure, metabolic syndrome, diabetes,
mental health, and cardiovascular diseases [4]. Through this review, we identify fewer
health outcomes studied in children compared with adults in relation to Canadian urban
form [4]. In Canadian adults, land use patterns, urban design features, and transportation
systems were important urban form correlates of health [4]. In Canadian children, access
to parks/greenspace, road connectivity, and road characteristics appear to be particularly
important urban form characteristics associated with health. Additionally, school and
home neighbourhood food environments were examined frequently (1 = 11) with regard
to weight status in children, but results were mixed. The evidence gathered in this review
seems to indicate that healthier food environments as well as proximity to supermarkets
or convenience stores may be associated with a lower BMI in children. In contrast, un-
healthy food environments appeared to play less of a role in affecting weight status with
the majority of these studies indicating no evidence of a relationship between density of
and proximity to fast food restaurants with weight status. It is possible that parents and
caregivers are gatekeepers to accessing fast foods, so their presence or proximity may have
less impact on the health of younger children [15].

The “Social determinants of health and environmental health promotion” provided a
framework specific to the Canadian context [22] that informed the urban form categories
used to synthesize evidence included in our review. Within this framework, we note poor
representation of studies that included land use mix, zoning regulations, and population
or residential density. In addition to the health outcomes identified in the current review,
the social determinants of health and environmental health promotion framework includes
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cardiovascular disease, diabetes, cancers, and infectious disease [22]; again, biomarkers
in youth leading to chronic disease could be potential directions for future research. The
framework [22] includes not only urban form characteristics and health outcomes but
also “fundamental”, “proximate”, and other “intermediate” factors. We restricted the
scoping review to Canadian research based on the notion that the Canadian context is
fundamentally different, socially, politically, and historically, than countries or regions that
an international review may be weighted towards. There remain, however, characteristics
(e.g., inequality) related to urban form and health outcomes that should be considered in
future reviews.

This scoping review provides important evidence about the current state of knowledge
in the Canadian context in regard to the associations between urban form and health
outcomes in children and youth. Our scoping review, however, has several limitations. An
important consideration for this review was its focus on health outcomes and not health
behaviours. While our findings suggest particular associations between urban form and
health outcomes in children exist, our review does not provide any evidence about the
pathways by which urban form influences health (e.g., via active transportation or diet
or collisions). The examination of urban form and health behaviours perhaps warrants
a distinct review. While we deliberately excluded studies from our review that focussed
on respiratory health and potential correlates (e.g., pollution), we also acknowledge the
importance of urban form impacts on respiratory health in children [59,60]. Our exclusion
of studies in rural settings means our review findings are generalizable to Canadian urban
areas only.

While not a limitation of the review per se, much of the current evidence is based
on studies predominantly undertaken in three provinces (Ontario, Alberta, or Quebec).
Additional nation-wide data and studies conducted in other provinces and territories
would result in a more comprehensive and generalizable evidence base on the relations
between urban form and health outcomes in Canadian youth. Moreover, most studies
included in the review were published more than 5 years ago which suggests there is a need
for newer evidence. The studies reviewed were largely cross-sectional or ecological, making
it difficult to draw conclusions regarding causality. This gap presents an opportunity for
future research investigating longitudinal relationships between urban form and health
outcomes in children and adolescents in Canada. Notably, more robust scientific evidence is
needed to inform policy related to urban form that can influence health outcomes in youth.

5. Conclusions

Population health interventions have the potential to promote behavioural changes
and, ultimately, better health outcomes in society. Modifying the urban form is a key
population-level intervention that may influence health outcomes in children and youth. In
Canada, there is already evidence exploring the relations between urban form and health
outcomes in children and adolescents. In particular, we noted associations between access
to parks/greenspace, road connectivity, and road characteristics and weight status and
injury. Weight status—neighbourhood food environment was the most frequently studied
relationship, perhaps indicating the importance of weight status on health in children and
the potential influence on future chronic disease. Given that the urban form is modifiable
but semi-permanent, policymakers and urban planners have a responsibility to design
urban environments that promote health and reduce the risk of disease and injury among
Canadian youth.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/1jerph18084180/s1, Figure S1: MEDLINE search strategy, Table S1: Association between urban
form and health outcomes in Canadian studies, 1992-2019.

Author Contributions: G.R.M. and B.H. conceived the study and design. All authors contributed to
the development of the scoping strategy, design, methodology, and interpretation of results. T.M.P.


https://www.mdpi.com/article/10.3390/ijerph18084180/s1
https://www.mdpi.com/article/10.3390/ijerph18084180/s1

Int. J. Environ. Res. Public Health 2021, 18, 4180 10 of 12

and J.A. conducted the scoping review including screening and mapping with input from all other
authors. All authors contributed to the manuscript drafting and approved the final manuscript.

Funding: This research was funded by an O’Brien Institute for Public Health Catalyst Grant through
the Cumming School of Medicine at the University of Calgary. Gavin R. McCormack is supported by
a Canadian Institutes of Health Research Foundations Grant (CIHR; FDN-154331).

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Public Health Agency of Canada. Economic Burden of Illness in Canada, 2005-2008; Public Health Agency of Canada: Nepean, ON,
Canada, 2014.

The Secretariat for the Intersectoral Healthy Living Network in Partnership with the FPT Healthy Living Task Group and the FPT
Advisory Committee on Population Health and Health Security (ACPHHS). The Integrated Pan-Canadian Healthy Living Strategy;
Public Health Agency of Canada: Nepean, ON, Canada, 2005.

World Health Organization. Global Strategy on Diet, Physical Activity and Health; World Health Organization: Geneva, Switzer-
land, 2004.

McCormack, G.R; Cabaj, J.; Orpana, H.; Lukic, R.; Blackstaffe, A.; Goopy, S.; Hagel, B.; Keough, N.; Martinson, R.; Chapman, J.;
et al. A scoping review on the relations between urban form and health: A focus on Canadian quantitative evidence. Health
Promot. Chronic Dis. Prev. Can. 2019, 39, 187-200. [CrossRef]

Craigie, A.M.; Lake, A.A.; Kelly, S.A.; Adamson, A.].; Mathers, J.C. Tracking of obesity-related behaviours from childhood to
adulthood: A systematic review. Maturitas 2011, 70, 266-284. [CrossRef]

Wang, L.Y.; Chyen, D.; Lee, S.; Lowry, R. The association between body mass index in adolescence and obesity in adulthood. J.
Adolesc. Health 2008, 42, 512-518. [CrossRef]

Koskinen, J.; Magnussen, C.G.; Sinaiko, A.; Woo, J.; Urbina, E.; Jacobs, D.R,, Jr.; Steinberger, J.; Prineas, R.; Sabin, M.A.; Burns,
T.; et al. Childhood age and associations between childhood metabolic syndrome and adult risk for metabolic syndrome, type
2 diabetes mellitus and carotid intima media thickness: The International childhood cardiovascular cohort consortium. J. Am.
Heart Assoc. 2017, 6, €005632. [CrossRef] [PubMed]

Politis, C.E.; Mowat, D.L.; Keen, D. Pathways to policy: Lessons learned in multisectoral collaboration for physical activity and
built environment policy development from the coalitions linking action and science for prevention (CLASP) initiative. Can. J.
Public Health 2017, 108, €192—€198. [CrossRef]

Pucher, J.; Buehler, R. Why Canadians cycle more than Americans: A comparative analysis of bicycling trends and policies.
Transp. Policy 2006, 13, 265-279. [CrossRef]

Wang, Y. Cross-national comparison of childhood obesity: The epidemic and the relationship between obesity and socioeconomic
status. Int. J. Epidemiol. 2001, 30, 1129-1136. [CrossRef] [PubMed]

Olaya, B.; Moneta, M.V,; Pez, O.; Bitfoi, A.; Carta, M.G.; Eke, C.; Goelitz, D.; Keyes, KM.; Kuijpers, R.; Lesinskiene, S.; et al.
Country-level and individual correlates of overweight and obesity among primary school children: A cross-sectional study in
seven European countries. BMC Public Health 2015, 15, 475. [CrossRef] [PubMed]

Schulz, M.; Romppel, M.; Grande, G. Built environment and health: A systematic review of studies in Germany. |. Public Health
2018, 40, 8-15. [CrossRef]

Audrey, S.; Batista-Ferrer, H. Healthy urban environments for children and young people: A systematic review of intervention
studies. Health Place 2015, 36, 97-117. [CrossRef]

Faulkner, G.E.; Buliung, R.N.; Flora, PK,; Fusco, C. Active school transport, physical activity levels and body weight of children
and youth: A systematic review. Prev. Med. 2009, 48, 3-8. [CrossRef] [PubMed]

Giles-Corti, B.; Kelty, S.F,; Zubrick, S.R.; Villanueva, K.P. Encouraging walking for transport and physical activity in children and
adolescents. Sports Med. 2009, 39, 995-1009. [CrossRef] [PubMed]

McMillan, T.E. The relative influence of urban form on a child’s travel mode to school. Transp. Res. Part A Policy Pract. 2007, 41,
69-79. [CrossRef]

Malone, K.; Rudner, J. Global perspectives on children’s independent mobility: A socio-cultural comparison and theoretical
discussion of children’s lives in four countries in Asia and Africa. Glob. Stud. Child. 2011, 1, 243-259. [CrossRef]

Fyhri, A.; Hjorthol, R.; Mackett, R.L.; Fotel, T.N.; Kyttd, M. Children’s active travel and independent mobility in four countries:
Development, social contributing trends and measures. Transp. Policy 2011, 18, 703-710. [CrossRef]

Farkas, B.; Wagner, D.J.; Nettel-Aguirre, A.; Friedenreich, C.; McCormack, G.R. Evidence synthesis—A systematized literature
review on the associations between neighbourhood built characteristics and walking among Canadian adults. Health Promot.
Chronic Dis. Prev. Can. 2019, 39, 1-14. [CrossRef]

Arksey, H.; O’Malley, L. Scoping studies: Towards a methodological framework. Int. J. Soc. Res. Methodol. 2005, 8, 19-32.
[CrossRef]

Tricco, A.C.; Lillie, E.; Zarin, W.; O’Brien, K.K.; Colquhoun, H.; Levac, D.; Moher, D.; Peters, M.D.; Horsley, T.; Weeks, L.;
et al. PRISMA extension for scoping reviews (PRISMA-ScR): Checklist and explanation. Ann. Intern. Med. 2018, 169, 467-473.
[CrossRef]


http://doi.org/10.24095/hpcdp.39.5.03
http://doi.org/10.1016/j.maturitas.2011.08.005
http://doi.org/10.1016/j.jadohealth.2007.10.010
http://doi.org/10.1161/JAHA.117.005632
http://www.ncbi.nlm.nih.gov/pubmed/28862940
http://doi.org/10.17269/CJPH.108.5758
http://doi.org/10.1016/j.tranpol.2005.11.001
http://doi.org/10.1093/ije/30.5.1129
http://www.ncbi.nlm.nih.gov/pubmed/11689534
http://doi.org/10.1186/s12889-015-1809-z
http://www.ncbi.nlm.nih.gov/pubmed/25952506
http://doi.org/10.1093/pubmed/fdw141
http://doi.org/10.1016/j.healthplace.2015.09.004
http://doi.org/10.1016/j.ypmed.2008.10.017
http://www.ncbi.nlm.nih.gov/pubmed/19014963
http://doi.org/10.2165/11319620-000000000-00000
http://www.ncbi.nlm.nih.gov/pubmed/19902982
http://doi.org/10.1016/j.tra.2006.05.011
http://doi.org/10.2304/gsch.2011.1.3.243
http://doi.org/10.1016/j.tranpol.2011.01.005
http://doi.org/10.24095/hpcdp.39.1.01
http://doi.org/10.1080/1364557032000119616
http://doi.org/10.7326/M18-0850

Int. J. Environ. Res. Public Health 2021, 18, 4180 11 of 12

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Northridge, M.E.; Sclar, E.D.; Biswas, P. Sorting out the connections between the built environment and health: A conceptual
framework for navigating pathways and planning healthy cities. J. Urban. Health 2003, 80, 556-568. [CrossRef]

Le, H.; Engler-Stringer, R.; Muhajarine, N. Walkable home neighbourhood food environment and children’s overweight and
obesity: Proximity, density or price? Can. J. Public Health 2016, 107, eS42-eS47. [CrossRef]

Thielman, J.; Copes, R.; Rosella, L.C.; Chiu, M.; Manson, H. Is neighbourhood walkability related to body mass index among
different age groups? A cross-sectional study of Canadian urban areas. BM] Open 2019, 9, e032475. [CrossRef]

Cloutier, M.S.; Apparicio, P.; Thouez, ].P. GIS-based spatial analysis of child pedestrian accidents near primary schools in Montréal,
Canada. Appl. GIS 2007, 3, 1-8.

Shahid, R.; Bertazzon, S. Local spatial analysis and dynamic simulation of childhood obesity and neighbourhood walkability in a
major Canadian city. AIMS Public Health 2015, 2, 616-637. [CrossRef]

Simons, E.; Dell, S.D.; Moineddin, R.; To, T. Associations between neighborhood walkability and incident and ongoing asthma in
children. Ann. Am. Thorac. Soc. 2018, 15, 728-734. [CrossRef]

Yiannakoulias, N.; Scott, D.M.; Rowe, B.H.; Voaklander, D.C. Child pedestrian injuries and urban change. Inj. Prev. 2011, 17, 9-14.
[CrossRef] [PubMed]

Bagley, C. The urban setting of juvenile pedestrian injuries: A study of behavioural ecology and social disadvantage. Accid. Anal.
Prev. 1992, 24, 673-678. [CrossRef]

Desapriya, E.; Sones, M.; Ramanzin, T.; Weinstein, S.; Scime, G.; Pike, I. Injury prevention in child death review: Child pedestrian
fatalities. Inj. Prev. 2011, 17, i4-i9. [CrossRef] [PubMed]

Pitt, T.M.; Nettel-Aguirre, A.; McCormack, G.R.; Howard, A.W.; Piatkowski, C.; Rowe, B.H.; Hagel, B.E. Child and adolescent
bicycling injuries involving motor vehicle collisions. Inj. Epidemiol. 2019, 6, 1-7. [CrossRef] [PubMed]

Rothman, L.; Howard, A.W.; Camden, A.; Macarthur, C. Pedestrian crossing location influences injury severity in urban areas. In;j.
Prev. 2012, 18, 365-370. [CrossRef]

Rothman, L.; Slater, M.; Meaney, C.; Howard, A. Motor vehicle and pedestrian collisions: Burden of severe injury on major versus
neighborhood roads. Traff. Inj. Prev. 2010, 11, 43-47. [CrossRef] [PubMed]

Bird, M.; Datta, G.D.; van Hulst, A.; Cloutier, M.S.; Henderson, M.; Barnett, T.A. A park typology in the QUALITY cohort:
Implications for physical activity and truncal fat among youth at risk of obesity. Prev. Med. 2016, 90, 133-138. [CrossRef]
[PubMed]

Fitzpatrick, C.; Datta, G.D.; Henderson, M.; Gray-Donald, K.; Kestens, Y.; & Barnett, T.A. School food environments associated
with adiposity in Canadian children. Int. |. Obes. 2017, 41, 1005-1010. [CrossRef]

Ghenadenik, A.E.; Kakinami, L.; van Hulst, A.; Henderson, M.; Barnett, T.A. Neighbourhoods and obesity: A prospective study
of characteristics of the built environment and their association with adiposity outcomes in children in Montreal, Canada. Prev.
Med. 2018, 111, 35-40. [CrossRef]

Van Hulst, A.; Roy-Gagnon, M.H.; Gauvin, L.; Kestens, Y.; Henderson, M.; Barnett, T.A. Identifying risk profiles for childhood
obesity using recursive partitioning based on individual, familial, and neighborhood environment factors. Int. J. Behav. Nutr.
Phys. Act. 2015, 12, 17. [CrossRef] [PubMed]

Wazana, A.; Rynard, V.L.; Raina, P.; Krueger, P.; Chambers, L.W. Are child pedestrians at increased risk of injury on one-way
compared to two-way streets? Can. |. Public Health 2000, 91, 201-206. [CrossRef] [PubMed]

Vafaei, A.; Pickett, W.; Alvarado, B.E. Relationships between community social capital and injury in Canadian adolescents: A
multilevel analysis. Inj. Prev. 2015, 21, 389-396. [CrossRef]

Huynh, Q.; Craig, W.; Janssen, I.; Pickett, W. Exposure to public natural space as a protective factor for emotional well-being
among young people in Canada. BMC Public Health 2013, 13, 407. [CrossRef]

Mecredy, G.; Janssen, I.; Pickett, W. Neighbourhood street connectivity and injury in youth: A national study of built environments
in Canada. Inj. Prev. 2012, 18, 81-87. [CrossRef]

Seliske, L.; Pickett, W.; Janssen, I. Urban sprawl and its relationship with active transportation, physical activity and obesity in
Canadian youth. Health Rep. 2012, 23, 17-25.

Larsen, K.; Cook, B.; Stone, M.R,; Faulkner, G.E. Food access and children’s BMI in Toronto, Ontario: Assessing how the food
environment relates to overweight and obesity. Int. ]. Public Health 2015, 60, 69-77. [CrossRef]

Leatherdale, S.T. A cross-sectional examination of school characteristics associated with overweight and obesity among grade 1
to 4 students. BMC Public Health 2013, 13, 982. [CrossRef]

Leatherdale, S.T.; Pouliou, T.; Church, D.; Hobin, E. The association between overweight and opportunity structures in the built
environment: A multi-level analysis among elementary school youth in the play-on study. Int. |. Public Health 2011, 56, 237-246.
[CrossRef]

Gilliland, J.A.; Rangel, C.Y.; Healy, M. A ; Tucker, P; Loebach, J.E.; Hess, PM.; He, M.; Irwin, J.D.; Wilk, P. Linking childhood
obesity to the built environment: A multi-level analysis of home and school neighbourhood factors associated with body mass
index. Can. J. Public Health 2012, 103, S15-S21. [CrossRef]

Potwarka, L.R.; Kaczynski, A.T.; Flack, A.L. Places to play: Association of park space and facilities with healthy weight status
among children. . Community Health 2008, 33, 344-350. [CrossRef]

Spence, ].C.; Cutumisu, N.; Edwards, ].O.; Evans, J. Influence of neighbourhood design and access to facilities on overweight
among preschool children. Int. |. Pediatr. Obes. 2008, 3, 109-116. [CrossRef]


http://doi.org/10.1093/jurban/jtg064
http://doi.org/10.17269/CJPH.107.5347
http://doi.org/10.1136/bmjopen-2019-032475
http://doi.org/10.3934/publichealth.2015.4.616
http://doi.org/10.1513/AnnalsATS.201708-693OC
http://doi.org/10.1136/ip.2010.028225
http://www.ncbi.nlm.nih.gov/pubmed/20876767
http://doi.org/10.1016/0001-4575(92)90020-J
http://doi.org/10.1136/ip.2010.026914
http://www.ncbi.nlm.nih.gov/pubmed/21278097
http://doi.org/10.1186/s40621-019-0185-z
http://www.ncbi.nlm.nih.gov/pubmed/31245256
http://doi.org/10.1136/injuryprev-2011-040246
http://doi.org/10.1080/15389580903452340
http://www.ncbi.nlm.nih.gov/pubmed/20146142
http://doi.org/10.1016/j.ypmed.2016.06.042
http://www.ncbi.nlm.nih.gov/pubmed/27374945
http://doi.org/10.1038/ijo.2017.39
http://doi.org/10.1016/j.ypmed.2018.02.018
http://doi.org/10.1186/s12966-015-0175-7
http://www.ncbi.nlm.nih.gov/pubmed/25881227
http://doi.org/10.1007/BF03404272
http://www.ncbi.nlm.nih.gov/pubmed/10927849
http://doi.org/10.1136/injuryprev-2015-041552
http://doi.org/10.1186/1471-2458-13-407
http://doi.org/10.1136/injuryprev-2011-040011
http://doi.org/10.1007/s00038-014-0620-4
http://doi.org/10.1186/1471-2458-13-982
http://doi.org/10.1007/s00038-010-0206-8
http://doi.org/10.1007/BF03403830
http://doi.org/10.1007/s10900-008-9104-x
http://doi.org/10.1080/17477160701875007

Int. J. Environ. Res. Public Health 2021, 18, 4180 12 of 12

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Bird, M.E,; Datta, G.D.; van Hulst, A.; Kestens, Y.; Barnett, T.A. A reliability assessment of a direct-observation park evaluation
tool: The Parks, activity and recreation among kids (PARK) tool. BMC Public Health 2015, 15, 906. [CrossRef]

Saelens, B.E.; Frank, L.D.; Auffrey, C.; Whitaker, R.C.; Burdette, H.L.; Colabianchi, N. Measuring physical environments of parks
and playgrounds: EAPRS instrument development and inter-rater reliability. J. Phys. Act. Health 2006, 3, S5190-5207. [CrossRef]
Srugo, S.A.; de Groh, M; Jiang, Y.; Morrison, H.I.; Hamilton, H.A ; Villeneuve, PJ. Assessing the impact of school-based greenness
on mental health among adolescent students in Ontario, Canada. Int. ]. Environ. Res. Public Health 2019, 16, 4364. [CrossRef]
Fuertes, E.; Markevych, I.; Bowatte, G.; Gruzieva, O.; Gehring, U.; Becker, A.; Berdel, D.; Von Berg, A.; Bergstrom, A.; Brauer, M.;
et al. Residential greenness is differentially associated with childhood allergic rhinitis and aeroallergen sensitization in seven
birth cohorts. Allergy 2016, 71, 1461-1471. [CrossRef]

Seliske, L.M.; Pickett, W.; Boyce, W.F,; Janssen, 1. Association between the food retail environment surrounding schools and
overweight in Canadian youth. Public Health Nutr. 2009, 12, 1384-1391. [CrossRef]

Glanz, K;; Sallis, ].F.; Saelens, B.E.; Frank, L.D. Nutrition environment measures survey in stores (NEMS-S): Development and
evaluation. Am. J. Prev. Med. 2007, 32, 282-289. [CrossRef]

Saelens, B.E.; Glanz, K;; Sallis, ].F.; Frank, L.D. Nutrition environment measures study in restaurants (NEMS-R): Development
and evaluation. Am. J. Prev. Med. 2007, 32, 273-281. [CrossRef]

Potestio, M.L.; Patel, A.B.; Powell, C.D.; McNeil, D.A.; Jacobson, R.D.; McLaren, L. Is there an association between spatial access
to parks/green space and childhood overweight/obesity in Calgary, Canada? Int. |. Behav. Nutr. Phys. Act. 2009, 6, 77. [CrossRef]
Morency, P.; Gauvin, L.; Tessier, F.; Miranda-Moreno, L.; Cloutier, M.S.; Morency, C. Analyse désagrégée des facteurs environ-
nementaux associés au nombre d’enfants blessés par un véhicule a moteur en milieu urbain. Cahiers de Géographie du Québec 2011,
55,449-468. [CrossRef]

Tillmann, S.; Clark, A.F,; Gilliland, J.A. Children and nature: Linking accessibility of natural environments and children’s
health-related quality of life. Int. |. Environ. Res. Public Health 2018, 15, 1072. [CrossRef]

Dales, R.; Wheeler, A.J.; Mahmud, M.; Liu, L. The influence of neighborhood roadways on respiratory symptoms among
elementary schoolchildren. J. Occup. Environ. Med. 2009, 51, 654—660. [CrossRef]

Rodriguez-Villamizar, L.A.; Rosychuk, R.J.; Osornio-Vargas, A.; Villeneuve, P.J.; Rowe, B.H. Proximity to two main sources of
industrial outdoor air pollution and emergency department visits for childhood asthma in Edmonton, Canada. Can. J. Public
Health 2017, 108, €523—e529. [CrossRef] [PubMed]


http://doi.org/10.1186/s12889-015-2209-0
http://doi.org/10.1123/jpah.3.s1.s190
http://doi.org/10.3390/ijerph16224364
http://doi.org/10.1111/all.12915
http://doi.org/10.1017/S1368980008004084
http://doi.org/10.1016/j.amepre.2006.12.019
http://doi.org/10.1016/j.amepre.2006.12.022
http://doi.org/10.1186/1479-5868-6-77
http://doi.org/10.7202/1008888ar
http://doi.org/10.3390/ijerph15061072
http://doi.org/10.1097/JOM.0b013e3181a0363c
http://doi.org/10.17269/CJPH.108.6136
http://www.ncbi.nlm.nih.gov/pubmed/29356659

	Introduction 
	Materials and Methods 
	Overview 
	Inclusion Criteria 
	Search Strategy 
	Synthesis 

	Results 
	Overview of Included Studies 
	Measurement of Urban Form 
	Measurement of Health Outcomes 
	Data Mapping 

	Discussion 
	Conclusions 
	References

