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Junk Food Accessibility After 10
Years of a Restrictive Food
Environment Zoning Policy
Around Schools
An Equity-Focused Simulation Study

Lindsey Soon Jason Gilliland Leia M. Minaker

ABSTRACT
Problem, research strategy, and findings: Zoning has been proposed as a way of reducing unhealthy
food access for youth, but little research has evaluated outcomes of proposed or existing junk food bans,
and even less research has considered equity implications of such zoning policies. In this simulation study,
set in the Region of Waterloo, Ontario (Canada), we examined how secondary student access to fast food
restaurants and convenience stores would change under such a policy over 10 years in a mid-sized
Canadian municipality. Outcomes are presented by school-level advantage (derived from the proportion of
students in equity-deserving subgroups: low income, students who speak English as an additional language,
and students not born in Canada). Current fast food restaurant and convenience store access was higher
around schools with a higher proportion of equity-deserving students, and access remained higher around
these schools even after 10 years under each policy scenario. After 10 years, the mean number of fast food
restaurants and convenience stores within a 1-km network distance still exceeded five unhealthy outlets for
both disadvantaged and advantaged schools, which was above the threshold associated with lower junk
food consumption among youth. These findings bring into question the potential effectiveness and equity
implications of restrictive zoning policies aimed at protecting youth from poor-quality food environments.

Takeaway for practice: Planners may consider prioritizing interventions to improve the healthfulness of
food environments around schools where there are large proportions of equity-deserving students, but
consideration of different interventions seems warranted in this context.

Keywords: equity, food systems planning, healthy communities, simulation study, zoning

A healthy food environment is a key compo-
nent of healthy communities (Downs &
Demmler, 2020). Unhealthy food environments
may be especially detrimental to children,

which is why some organizations have advocated for
municipalities to create restrictive zoning bylaws that
would prohibit sources of unhealthy foods from operat-
ing within walking distance of schools (Alberta Policy
Coalition for Chronic Disease Prevention, 2019;
Association Pour La Sante publique Du Quebec [ASPQ],
2011; Einstoss et al., 2015; Helmer, 2019; Mah et al.,
2016; Minaker et al., 2016; University of Wisconsin
Population Health Institute, 2020; U.S. Centers for
Disease Control and Prevention, 2010). However, only

one study to date has examined health-related impacts
of a food-related zoning policy (Sturm & Cohen, 2009),
and none has examined impacts of any kind related to
restrictive zoning bylaws near schools. We therefore
examined how high school students’ potential access to
sources of unhealthy foods around schools would be
projected to change over 10 years under a restrictive
zoning policy and examined differences in these
changes by equity-deserving subgroups.

The following sections synthesize key literature and
describe methods used in the current study. We then
present results, after which we discuss key findings, limi-
tations, and recommendations for future research.
Results showed that, on average, disadvantaged schools
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had almost seven more unhealthy retailers within walk-
ing distance compared with advantaged schools and
that a disparity in access to unhealthy retailers between
school-level advantage persisted over time. Despite an
increasing number of calls by both planning and public
health organizations to implement restrictive zoning
policies to reduce youth access to unhealthy food, our
results suggest that this policy option may be quite
ineffective in reducing youth access to junk food in
established communities. Thus, different interventions
aimed at supporting healthy environments for youth
should be explored.

Healthy Food Environments as a Key
Component of Healthy Communities
Healthy built environments can promote and sustain
beneficial lifestyle patterns that contribute to chronic
disease prevention (American Planning Association,
2017; Hilmers et al., 2012; Public Health Agency of
Canada, 2020). Healthy food systems are foundational to
healthy built environments, which planners and public
health practitioners increasingly recognize as important
in community planning and equity promotion (Mui
et al., 2021). The quality of the food environment, such
as geographic access to healthy or unhealthy foods, dif-
fers systematically by neighborhood income, which
affects neighborhoods’ access to food retailers and may
perpetuate disparities in health outcomes (Gordon-
Larsen, 2014; Larson et al., 2009). There may be an over-
saturation of unhealthy food retailers within equity-
deserving (e.g., low-income, racialized, and immigrant)
communities (Fleischhacker et al., 2011; Jang & Kim,
2018; Kwate & Loh, 2010), in parallel with a lack of
healthy food options in these same communities
(Bower et al., 2014; Hilmers et al., 2012; Jeong & Liu,
2020; Luan et al., 2016; Ohri-Vachaspati et al., 2019; P. K.
Powell et al., 2021). In addition, a growing body of
research has explored associations between access to
food and adverse health outcomes in equity-deserving
subgroups that indicate inequitable access to food
(Drewnowski, 2009; Kraft et al., 2020; Matsuzaki
et al., 2020).

Children, Youth, and Food
Environments
Children may be especially vulnerable to poor-quality
food environments, given that they are typically less
mobile than adults (Pitt et al., 2021). Few food environ-
ment interventions targeting children and adolescents
have been conducted in community settings, and no
intervention studies have examined how changes in
access to sources of unhealthy food, typically considered

fast food restaurants (FFRs) and convenience stores
(CSs), affect diet-related outcomes (Downs &
Demmler, 2020).

Food environments deemed particularly relevant to
children and youth are those around schools, given that
most children spend at least 6 hours a day and eat at
least one meal in these environments. Extant youth-
focused food environment research is typically either
equity focused, examining area-level sociodemographic
disparities in healthy food environments, or impact
focused, examining associations between food environ-
ment features and youth diet-related outcomes, such as
dietary intake or weight status.

Equity-focused research in this field has sought to
explain well-established disparities in diet-related out-
comes like obesity by immigration status, race/ethnicity,
and household socioeconomic status (Chatham & Mixer,
2020; Ogden et al., 2016; Olstad et al., 2019; Singh et al.,
2009). This thread of research has typically shown that
access to healthy or unhealthy food varies systematically
by school neighborhood income (Fleischhacker et al.,
2011; Jeong & Liu, 2020; Kestens & Daniel, 2010; Luan
et al., 2016) or racial composition (Bower et al., 2014;
Kwate & Loh, 2010; Ohri-Vachaspati et al., 2019), with
equity-deserving populations (e.g., low-income, immi-
grant, or racialized youth) having poorer quality food
environments. For example, the availability of FFRs and
CSs within walking distance of U.S. public secondary
schools was found to be higher in the lowest-income
neighborhoods relative to the highest-income neigh-
borhoods, and schools in predominantly African
American neighborhoods had overall fewer food outlets
relative to predominantly White neighborhoods (Zenk &
Powell, 2008). In Montr�eal (Canada), schools in the low-
est income quartile had 10 times more food retailers
within 740m than schools in the highest income quar-
tile, even after accounting for commercial density
(Kestens & Daniel, 2010). These findings appear context
specific, however, given that a cross-Canada study
found access to food retailers was generally not associ-
ated with the neighborhood socioeconomic status in
the immediate proximity of schools, although within
the broader neighborhood, lower socioeconomic status
neighborhoods had access to fewer food retailers of all
types (Seliske et al., 2009b).

Second, in terms of impact-focused research,
understanding of the extent to which food environ-
ments around schools are linked to youth food purchas-
ing and dietary and health outcomes is also growing
(Cutumisu et al., 2017; Engler-Stringer et al., 2014; He
et al., 2012; Williams et al., 2014; Xin et al., 2019). A
recent systematic review of the evidence on associa-
tions between CS access and childhood obesity found
that, in general, CS density and proximity are positively
associated with unhealthy eating behaviors, but the
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association with children’s weight status varied signifi-
cantly by region (e.g., associations between CS access
and children’s weight status were negative in Canada
and mixed in the United States and the United
Kingdom; Xin et al., 2019). In another recent systematic
review of associations between the presence of retail
food outlets around schools and prevalence of over-
weight among students, most reviewed articles found
direct associations between proximity or density of
establishments (mainly FFRs, CSs, and grocery stores)
around schools and overweight and obesity among
children and adolescents, but inconsistent research find-
ings were again noted, with some studies finding no
association and a few finding an inverse association
(da Costa Peres et al., 2020). In yet another recent sys-
tematic review, the relationship between youths’ expos-
ure to food environments around schools and body
weight was more consistent among racialized (vs.
White) students but seemed less certain by socioeco-
nomic status, which was unsurprising given that only
two studies examined differences by socioeconomic
advantage (Matsuzaki et al., 2020). These findings were
like those of another recent systemic review examining
associations between neighborhood food environments
and health outcomes in populations with the highest
obesity rates in the United States, which found that
negative health outcomes are more strongly associated
with CS and FFR access for Black and Hispanic youth
versus White youth (Kraft et al., 2020).

Policy Options to Reduce Youth Access
to Junk Food
As noted, no studies to date have examined the impact
of planning interventions to change access to different
food sources on diet-related outcomes among children,
and there is only one example of an evaluation of a
restrictive zoning regulation. Sturm and Cohen (2009)
evaluated the impact of a freestanding FFR zoning
restriction in an equity-deserving community (racially
diverse and low-income) and found no impact on
population health outcomes, including obesity and
body mass index (BMI). However, this was unsurprising
given the short implementation length of the ordinance
(1 year) and the documented failure of the policy to
change population-level FFR access (Sturm & Cohen,
2009). Notably, restaurants located within shared space
(e.g., located inside a mall) were excluded from the pol-
icy and not subject to regulation (Sturm & Cohen, 2009).

Despite the lack of evidence on how changing
access to sources of food affects health, both planning
and public health organizations have suggested that
zoning regulations could improve food access (and,
ultimately, health) by restricting children’s access to

sources of unhealthy food such as FFRs and CSs
(Alberta Policy Coalition for Chronic Disease Prevention,
2019; Einstoss et al., 2015; Helmer, 2019; Mah et al.,
2016; Minaker et al., 2016; University of Wisconsin
Population Health Institute, 2020; U.S. Centers for
Disease Control and Prevention, 2010). In 2005, the
Center for Law and the Public’s Health published a
guide for city planners to create zoning regulations to
reduce access to FFRs, citing many examples of munici-
palities in the United States where restrictive zoning
policies already existed (Mair et al., 2005). In 2011, the
Ontario Professional Planners Institute (OPPI) released a
call to action to prioritize the creation of healthy com-
munities and emphasized the importance of planning
for food systems (OPPI, 2011). Municipalities in two
Canadian provinces (York Region, Ontario, and Qu�ebec
City, Qu�ebec) have implemented zoning regulations
prohibiting new food outlets near secondary schools
(ASPQ, 2011; Einstoss et al., 2015; Robitaille et al., 2016),
and the municipality of Lavaltrie in Quebec adopted a
motion prohibiting new FFRs within a 500-m radius
around schools (Robitaille et al., 2016). By 2016, 27
municipalities in Canada had also adopted bylaws to
fully or partially ban restaurant drive-thrus, with a prolif-
eration of this type of bylaw over time (Nykiforuk et al.,
2018). In the United States, several major cities including
Detroit (MI) and Los Angeles (CA) have also imple-
mented zoning restrictions to limit or ban FFRs in some
areas or regulate the proximity of FFRs around other
sites such as schools or hospitals (ASPQ, 2011; Mair
et al., 2005).

To date, effects of restrictive zoning bylaws that
would prohibit FFRs or CSs from opening around
schools have not been evaluated. This is an important
gap given that these types of policies are proliferating
and that features of the food environment may be tied
to equitable access to food and, ultimately, health.
Therefore, the objective of this simulation study was to
examine accessibility to sources of unhealthy foods
around secondary schools in a mid-sized municipality in
Canada over 10 years of implementing a restrictive junk
food ban. This study focused exclusively on FFRs and
CSs, which directly aligns with recent policy develop-
ments, as described above. A particular focus of our
study was on how long-term accessibility might differ
by school-level markers of inequity based on students’
household income, whether they spoke English as an
additional language (EAL), and immigrant status. Our
primary research questions were the following: How
does current food environment accessibility differ by
school-level proportion of low-income, EAL, and immi-
grant students in secondary schools in the Region of
Waterloo (Ontario)? How would projected changes in
food environment accessibility after 10 years of restrict-
ive policy implementation differ by these groups?

Junk Food Accessibility3



Methodology
Study Area
The Region of Waterloo had a population of 617,870 in
2019 (Region of Waterloo, 2020). It comprises three
urban (Waterloo, Kitchener, Cambridge) and four rural
(North Dumfries, Woolwich, Wellesley and Wilmot)
municipalities. There are 25 high schools in the Region
of Waterloo (23 urban high schools and 2 rural high
schools), and approximately 27,535 students in the
Region of Waterloo attended high school in 2019–2020
(Government of Ontario, 2020a).

In 2009, the Region of Waterloo adopted a new
regional official plan that included commitments to sup-
port the regional food system through actions to facili-
tate access to healthy, local food and is currently in the
process of undertaking a Regional Official Plan Review
(Region of Waterloo, 2021). Waterloo Region planning
staff began exploring issues related to hunger and food
insecurity as early as 1999. In the past 2 decades, collab-
oration has increased between public health staff and
planners to explore how supporting the regional food
systems can improve community food security and help
protect against sprawl (Wegener et al., 2012).

The 2019/2020 Region of Waterloo regional official
plan review was recognized by the region’s public
health unit as an opportunity to solicit greater govern-
ment buy-in when adopting supportive food policies
within the region. Furthermore, the Food System
Roundtable of Waterloo Region’s stated objective is to
identify and prioritize food system needs while raising
awareness of food system issues (University of
Waterloo, 2020).

In 2016, about a third (35%) of households in the
Waterloo Region had an annual household income of
less than $60,000 (Region of Waterloo, Public Health,
2016). For context, to receive the Low-Income Workers
Tax Credit from the Government of Ontario, annual fam-
ily net income must be below $68,500 (Government of
Ontario, 2020a). In 2016 there were approximately
120,000 immigrants in the Waterloo Region, comprising
23% of the Region’s population (Folkema & Vandebelt,
2019). The Waterloo Region has been similar to the
overall Canadian population in terms of population
growth rate (5.5% for Waterloo Region, 5.0% for Canada
between 2011 and 2016), proportion of people whose
mother tongue is neither English nor French (1.7% for
Waterloo Region, 1.8% for Canada), the prevalence of
low income based on the low-income cutoffs after tax
(7% in Waterloo Region, 9% in Canada), and the propor-
tion of immigrants in the population (23% in Waterloo
Region, 22% in Canada (Government of Canada, 2021).
Approximately 19% of youth aged 12 to 17 in the
Region of Waterloo were overweight or obese in 2013/
2014 (Region of Waterloo, 2016).

Policy Description
In this study we examined a restrictive food planning
policy aimed to improve the healthfulness of food envi-
ronments around schools by reducing accessibility to
unhealthy retailers through prohibiting new FFRs and
CSs from opening within various geographic locations
(ASPQ, 2011). Similar to other policies (National Policy
and Legal Analysis Network [NPLAN], 2009), we
assumed that any new food planning policy would
include a legacy clause that would exempt existing
FFRs and CSs from the policy. Four configurations of
this policy were examined; each would ban FFRs and
CSs from opening within the following distances from
schools: an 800-m Euclidean buffer, 1-km Euclidean buf-
fer, 800-m network buffer, and 1-km network buffer.

Euclidean and network buffers were selected given
their use in existing literature that has sought to meas-
ure food environments, access, and exposure (DuBreck
et al., 2018; He et al., 2012; Kestens & Daniel, 2010;
Seliske et al., 2009a; Shareck et al., 2018). Euclidean buf-
fers appear as perfect circles around the school and
measure straight-line distances between two points on
a place (ESRI, 2011). Network buffers follow the existing
road network but do not consider possible walkways
and shortcuts students may take (ArcGIS, 2021).
Previous research has used both 800m and 1 km when
measuring food environments and access (Day &
Pearce, 2011; DuBreck et al., 2018; Seliske et al., 2009b;
Shareck et al., 2018), in correspondence with the aver-
age distance a person could walk in 10 to 15min (Davis
& Carpenter, 2009; Shearer et al., 2015). Given that
schools may allow a maximum of 1 hour for lunch, the
distances examined would provide students with
adequate time to leave campus to purchase and eat
lunch, aligned with extant literature defining the
school–neighborhood environment as a 1-km radius
around the school (He et al., 2012).

Data Sources
School-Level Data
We retrieved school type and geocoded location data
from the Government of Ontario School Information
and Student Demographics (Government of Ontario,
2020b). Public and Catholic secondary schools that con-
sisted of Grades 9 to 12 (approximately ages
14–18 years) were included in school type. Secondary
schools were selected due to the likelihood that middle
or elementary schools would be subject to closed cam-
pus policies, whereas secondary schools in this region
have policies that allow students to leave school prop-
erty during lunchtime (Waterloo Region District School
Board, personal communication, January 11, 2021). In
the Region of Waterloo there were a total of 25
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secondary schools: 18 from the Waterloo Region District
School Board, 5 from the Waterloo Catholic District
School Board, and 2 private Catholic schools.

We retrieved school-level demographic data from
the Government of Ontario School Information and
Student Demographics (Government of Ontario, 2020b).
For this study, school-level demographic data included
the percentage of students within each school a) living
in low-income households, b) whose first language was
not English (EAL), and c) who were new to Canada from
a non-English-speaking country (immigrants). As noted,
food access has been hypothesized to at least partially
explain income, race/ethnicity, and immigration-related
disparities in diet-related health outcomes (Chatham &
Mixer, 2020; Ogden et al., 2016; Olstad et al., 2019; Singh
et al., 2009). Given additional language-related barriers
faced by EAL students, we also included EAL as a vari-
able of interest. The three school-level variables used
here to signify equity-deserving groups reflect both lim-
ited data availability at the school level and previous
research on disparities in diet-related outcomes by
group membership. Of the 25 public and Catholic sec-
ondary schools in the Waterloo Region, 17 had com-
plete data on all variables of interest and were included
in the current study.

Though this study was limited by the availability of
school-level data and resulted in a relatively small sam-
ple size (17 schools with complete data), the sample
nevertheless covered most secondary schools in the
Waterloo Region. Moreover, as described above, the
sociodemographic composition of Waterloo Region is
similar to the overall Canadian population; thus, findings
may be relevant for other mid-sized municipalities as
well. That said, both results and the policies explored
may not be transferable to other countries given the
diversity in planning laws and contexts that exist.

Food Retailer–Level Data
Retail food type (FFRs and CSs) and geocoded location
data from March 2020 were retrieved from the Region
of Waterloo’s Public Health Inspection Database (Region
of Waterloo, 2022). We focused on less healthy food
retail outlet accessibility such as FFRs and CSs as
described in the Ontario Public Health Standard’s report
on calculating access to different food sources
(Government of Ontario, 2020b). Although grocery
stores and restaurants also sell unhealthy food, standard
practice in the current literature to date has defined
these retailers as a proxy for healthier food access (Lind
et al., 2016; Moudon et al., 2013). In keeping with exist-
ing literature and policy recommendations (ASPQ, 2011;
Cutumisu et al., 2017; Sturm & Cohen, 2009), we
excluded grocery stores and other food retailers from
the analysis. Although some research has suggested

that the overall mix of food outlets is more strongly
associated with diet- or weight-related outcomes than
the absolute density of FFRs and CSs (Clary et al., 2015),
other research has found the exact opposite (Pinho
et al., 2019). The limited child-focused research that
exists suggests that absolute accessibility matters for
youth dietary intake (Cutumisu et al., 2017).

As described in the North American Industry
Classification System Canada 2012, FFRs consist of
establishments that primarily engage in providing over-
the-counter food services where customers pay before
eating (Statistics Canada, 2018). CSs are establishments
primarily retailing a limited line of items such as soft
drinks, snacks, and some general food items such as
bread and milk (Statistics Canada, 2018). Full-service res-
taurants were excluded from this study due to the lack
of time students would have to sit down, order, con-
sume, and pay for lunch at these establishments during
relatively brief lunch periods.

Community-Level Network Data
The Region of Waterloo Road Network (v2019.3) was
retrieved from DMTI Spatial Inc. (2019). The road net-
work was used to determine how many unhealthy
retailers are within the designated policy configuration
areas (described above).

Methodological Approach
Current School–Neighborhood Food
Environments
Unhealthy food accessibility, defined as the number of
FFRs and CSs within each buffer, was calculated for the
four different policy configurations described above: an
800-m Euclidean buffer, a 1-km Euclidean buffer, an
800-m network buffer, and a 1-km network buffer. We
explored the current state of unhealthy food accessibil-
ity around secondary schools within four buffers by
each school-level variable individually to examine how
access to FFRs and CSs varies by school-level socio-
demographic characteristics.

School-Level Advantage Categories
Based on literature suggesting that food environments
in higher income, predominantly White, nonimmigrant
neighborhoods are typically more health promoting, we
categorized schools into advantaged and disadvan-
taged groups within each variable (income, EAL, and
immigrant) by dichotomizing each variable at the
median. Disadvantaged schools were those with an
above-the-median proportion of low-income, EAL, or
immigrant students, whereas advantaged schools were
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those with a below-the-median proportion of students
in each category.

We further categorized schools using all three varia-
bles so that disadvantaged schools were those that
ranked above the median in at least two of the varia-
bles, neither advantaged nor disadvantaged schools
ranked above the median in only one of the variables,
and advantaged schools ranked below the median in all
three variables.

Analysis
Spatial Analysis of Food Environments
Studies typically have two methods of measuring
exposure: 1) using buffers around schools to measure
potential exposure and 2) using activity spaces and glo-
bal positioning system (GPS) to measure true exposure
(Sadler et al., 2016; Sadler & Gilliland, 2015). It is import-
ant to note the bias in geospatial proxies when measur-
ing exposure, given that proxy measures are not true
exposure (Sadler & Gilliland, 2015); therefore, accessibility
may be a more appropriate term when measuring
potential exposure within retail food environments.

Accessibility is typically calculated with geographic
information systems and operationalized as density
and/or proximity of different types of food outlets
(Charreire et al., 2010; Cutumisu et al., 2017; Seliske
et al., 2009). We conducted two types of spatial analysis
of retail food environments around secondary schools
using ArcMap (10.8.1): a spatial buffer analysis (e.g.,
Euclidean) and a network analysis using the Road
Network Extension. All FFRs and CSs on or within the
buffer area serving the Euclidean buffer were identified,
indicating unhealthy food retailers within the buffer at
both 800m and 1 km. We conducted a road network
analysis to determine the road network distance of
800m and 1 km to identify FFRs and CSs on or within
the road network buffer. Accessibility to unhealthy food
was thus defined as the total number of FFRs and CSs
within each buffer. One potential limitation of this
approach is that we did not examine smaller interven-
tion areas or other policy-relevant neighborhood boun-
daries that could increase feasibility in terms of policy
implementation.

Community Population Projections Using
Life Tables
In this study, we used life tables, a type of population
projection model, to estimate the total number of
unhealthy food outlets identified within the policy
area(s) after 10 years according to average business sur-
vival rates by age (described in Results section).
Planners commonly use population projection models
to predict demand for land uses, infrastructure, and

community facilities (Berke et al., 2006, p. 126). Briefly,
life tables are employed in a variety of ways in the field
of demography (Siegel & Swanson, 2004, pp. 564–594)
but are typically used to examine mortality, survivorship,
and life expectancy. In the current application, we con-
structed life tables to show the probability that restau-
rants (instead of people) would survive based on a
standard restaurant birth rate and age-specific death
rate. A linear growth model where growth increments
remain consistent over time was assumed based on
national business survival rate data (Berke et al., 2006).

Under the policy, calculations used a modified
population projection model that excluded the birth
rate to account for the fact that no new FFRs or CSs
would open within the policy area, recognizing that
existing businesses would not be forced to close given
the legacy clause.

Business Survival Rates
In this study, we assumed a legacy clause for existing
food businesses for any new food planning policy, like
existing policies, exempting existing targeted food out-
lets from the policy (NPLAN, 2009). Under this legacy
clause, only new FFRs and CSs would be prohibited
from opening within the designated policy area.

The restaurant birth rate was defined as the
national average of new restaurants for the service-
producing sector and was retrieved from Statistics
Canada (Government of Canada, 2019). Specifically, we
assumed the average birth rate of 8.9% for enterprises
with more than one employee within the service-pro-
ducing sector from 2005 to 2015 to be the annual birth
rate (Government of Canada, 2019).

Restaurant death rate was defined as business sur-
vival rates year over year for 10 years and was retrieved
from Statistics Canada (Government of Canada, 2019).
Like human death rates, business death rates are linked
to age. For example, a business that has been open for
7 years has an approximately 53% survival rate (47%
death rate) for the year, whereas a recently opened
establishment has an approximately 95% survival rate
(5% death rate) for the year (Government of Canada,
2019). Therefore, policy impacts may be affected by the
age distribution of food retailers within a community.
Given that local restaurant birth rate and death rate
data were not available, these variables were derived
from national data, as described above.

Policy Projections by School Disadvantage
We examined projected changes under each policy
configuration both within the policy area and the
greater school neighborhood environment. The greater
school neighborhood was defined as a 1-km Euclidean
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distance buffer around each school address, assuming
this distance as the threshold distance students would
typically walk during their lunch period (He et al., 2012).
The total number of FFRs and CSs at 10 years across all
policy scenarios under each school disadvantage level
was calculated within the greater school neighborhood
to standardize findings across policy configurations. The
final analysis presented all results in terms of the greater
school neighborhood rather than policy area because
the policy areas differ by size (800m vs. 1,000m) and
type of buffer (Euclidean vs. network).

Sensitivity Analysis
Food outlets have different death rates by age; there-
fore, policy impacts might be different depending on
community context (i.e., communities with less estab-
lished or younger food outlets might be affected differ-
ently than communities with a more established or
older food environment). Therefore, we also conducted
a sensitivity analysis in which we created population
projection models for a young food environment (i.e.,
we assumed 70% of establishments were between 0
and 5 years old and 30% were between 6 and 10 years
old), a medium food environment (i.e., establishments
were assumed to be evenly distributed between 0 and
10 years), and an old food environment (i.e., we
assumed 30% of establishments were between 0 and
5 years and 70% were between 6 and 10 years). Across
each food environment (young, medium, and old), avail-
ability projections showed little difference in the aver-
age number of FFRs/CSs after 10 years, with a mean
difference of approximately 1.2 retailers (9.1 for a young

food environment vs. 10.3 for an old food environment).
Below, we present results from the medium context,
where outlet age was assumed to be evenly distributed
between 0 and 10 years.

Results
Current State of Food Environments Around
Schools by School Disadvantage Variable
Across each variable, disadvantaged schools had the
highest number of FFRs and CSs within a 1-km
Euclidean buffer (the largest buffer), with 28.5 retailers
around low-income schools, 25.8 retailers around
schools with a high proportion of EAL students, and
32.6 retailers around schools with a high proportion of
immigrant students. Across all buffers, schools with a
high proportion of immigrant students had a mean of
20 unhealthy retailers, whereas low-income schools and
schools with a high proportion of EAL students had a
mean of 18.4 and 16.7 unhealthy retailers, respectively.
In contrast, schools with a low proportion of immigrant
students had a mean of 13.6 unhealthy retailers across
all buffers. High-income schools and schools with a low
proportion of EAL students had a mean of 9.8 and 11.5
unhealthy retailers around schools, respectively. There
was a mean difference of 6.7 more unhealthy retailers
around disadvantaged schools relative to advantaged
schools. Figure 1 represents the current number of
unhealthy retailers around secondary schools in the
Region of Waterloo by individual variable.

Figure 1. The current mean number of unhealthy retailers around secondary schools in the Waterloo Region by individual variable
and buffer.
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Current State of Food Environments Around
Schools by Overall School Disadvantage
In total, nine schools were disadvantaged, three were
neither advantaged nor disadvantaged, and five schools
were considered advantaged. In three of the four buf-
fer-type configurations, disadvantaged schools had
more unhealthy retailers than other schools. Figure 2
shows the current mean number of unhealthy food
retailers around schools by overall level of disadvantage
and buffer type.

Food Environment Projections by School
Disadvantage
On average, across all policy configurations and school
advantage levels, there were still more than five
unhealthy outlets around schools at the end of 10 years.
Disadvantaged schools across all policy configurations
had a mean of 12 unhealthy retailers, schools that were
neither advantaged nor disadvantaged had a mean
number of 11 retailers, and advantaged schools had a
mean number of 6 unhealthy retailers within their buf-
fers after 10 years. Under the 1-km Euclidean distance
policy configuration, disadvantaged schools had an
average of 18 unhealthy retailers, whereas neither
advantaged nor disadvantaged schools and advantaged
schools had 17 and 8 unhealthy retailers, respectively,
after 10 years (see Figure 3).

Discussion
In this study, we examined how current food environ-
ment accessibility around secondary schools differed by
the proportion of equity-deserving students and how
projected changes caused by potential restrictive food
planning policies after 10 years would vary by school-
level advantage in a mid-sized Canadian municipality.
Two key findings emerged. First, at the end of the 10-
year period, despite mean overall reductions in the
number of unhealthy retailers, all schools had at least
two unhealthy retailers within the school neighborhood.
Second, current food environment accessibility to
unhealthy retailers was higher among disadvantaged
schools compared with advantaged schools, and this
inequity was not ameliorated by the policy: At the end
of 10 years, disadvantaged schools still had higher pro-
jected accessibility to unhealthy food retailers relative to
other schools. Each of these findings is described in
greater detail below.

First, despite differences in unhealthy food access
between disadvantaged and advantaged schools, ultim-
ately, all schools maintained ample access to unhealthy
retailers even after 10 years. This is important given that
two or more fast food outlets located within 750m of
schools is the threshold associated with a higher likeli-
hood of junk food consumption at lunch, even after
accounting for student, family, and school characteris-
tics (Cutumisu et al., 2017). Even in the policy configur-
ation showing the greatest reduction of FFRs and CSs

Figure 2. The current mean number of unhealthy food retailers around secondary schools by school-level advantage (i.e., disadvan-
taged, neither advantaged nor disadvantaged, and advantaged) and buffer type.
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(the 1-km Euclidean distance policy configuration),
every school still had at least two unhealthy retailers
within walking distance. This overarching finding brings
into question the potential effectiveness of these
restrictive zoning policies in meaningfully reducing
accessibility to unhealthy food outlets at the population
level. If a restrictive policy such as the one we examined
in this study fails to make significant changes to the
food environment around schools, it is extremely
unlikely that such policies would affect youths’ diet-
related health outcomes.

Second, disadvantaged schools and schools that
were neither advantaged or disadvantaged currently have
access to approximately twice as many unhealthy food
retailers (mean of 29 and 26 retailers, respectively) relative
to advantaged schools (mean of 13 retailers). This finding
is in keeping with most previous research that showed
disadvantaged neighborhoods had higher access to
unhealthy food sources relative to advantaged neighbor-
hoods (Bower et al., 2014; Hilmers et al., 2012; Kestens &
Daniel, 2010; L. M. Powell et al., 2007; Zenk & Powell,
2008). Importantly, policy implementation over time did
not ameliorate observed inequitable access to FFRs and
CSs. After 10 years of policy implementation, disadvan-
taged schools and schools that were neither advantaged
or disadvantaged still had access to approximately twice
as many unhealthy food retailers (12 and 11, respectively)
relative to advantaged schools (which had access to a
mean of 6 retailers). Such policies may thus be further

unwarranted if they fail to address inequities in access.
Several studies, along with our results, have highlighted
the current oversaturation of unhealthy food outlets in
equity-deserving communities, with the criticism that
restricting new outlets would have little impact on
school–neighborhood food environments (D�ıez et al.,
2019; Green et al., 2018). Health equity is an important
dimension of retail food environment interventions
because they are often tailored to communities where
inadequate household income is likely to amplify the
effects of spatial disparities in food access (Minaker et al.,
2016). This is equally true for interventions aimed at sup-
porting healthy environments for youth.

Physical environmental factors (i.e., healthy food avail-
ability) are explicitly connected to and shaped by social
environmental factors (i.e., socioeconomic status; D�ıez
et al., 2019). For example, FFRs and CSs primarily sell
energy-dense foods, which typically cost less than nutri-
tious foods, making unhealthy foods more financially
accessible for people living on low incomes (Drewnowski,
2009). Therefore, regardless of the projected effectiveness
of this type of restrictive zoning policy, the question
remains: Is equity upheld if restrictive policies reduce geo-
graphic access to financially accessible food access for
low-income youth and their families? Is no food better
than unhealthy food? This may be a particularly important
question in areas characterized as food deserts (areas with
low access to sources of nutritious foods) or food mirages
(areas with adequate access to sources of nutritious foods

Figure 3. The projected mean number of unhealthy retailers within 1-km Euclidean distance of schools by school-level advantage
over 10 years.
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that are economically inaccessible to lower income popu-
lations living there; see Breyer & Voss-Andreae, 2013; Jang
& Kim, 2018). At the same time, children and youth, espe-
cially equity-deserving youth, are specifically targeted by
food marketing that exists within unhealthy food outlets
(Cairns et al., 2013; Hastings et al., 2003; Kumanyika & Grier,
2006). Therefore, striving to reduce youths’ exposure to
powerful, point-of-sale marketing in unhealthy food out-
lets may still be warranted and ultimately support equity.

It is important to note that jurisdictions in some coun-
tries may not have the legal authority to implement this
type of restrictive zoning policy. For those that do, when
exploring restrictive policies of this type, they must con-
sider the potential unintended consequences or impacts,
especially for equity-deserving communities. For both plan-
ning and public health, even if a policy is effective, better
understanding whether these policies will improve quality
of life for equity-deserving youth or simply perpetuate sys-
temic issues that contribute to social inequities will be
important for moving forward. Given that access to food is
associated with other social inequities, planners and public
health practitioners should consider the impacts of restrict-
ing access to food retailers without providing additional
supports to improve availability and financial accessibility
to healthier food options (D�ıez et al., 2019).

One option that has been explored is a Healthy
Corner Store program, which encourages and incenti-
vizes small store owners to stock and promote health-
ier foods (The Food Trust, 2012; Mah et al., 2017).
These types of programs aim to increase access to
nutritious foods in settings (e.g., CSs) that are more
likely to be in equity-deserving neighborhoods.
Healthy Corner Store programs can be undertaken in
collaboration with community members, researchers,
and business owners to serve equity-deserving com-
munities (Rollins et al., 2021).

Other municipal policy options to improve nutrition
environments include planning policies that support pri-
mary agricultural production in urban places, economic
and fiscal instruments (for example, institutional procure-
ment policies in municipal buildings that prioritize nutri-
tious foods), and the establishment of food policy
councils, which bring a variety of stakeholders together to
identify important food-related policy issues (Mah et al.,
2016). Other, alternative agrifood projects aiming to create
transformative local food system change are also increas-
ingly being undertaken with racially diverse food justice
organizations and have potential impacts far beyond
merely access to nutritious foods (for example, civic
engagement; Sweeney et al., 2015).

Future Research Directions
Our study was the first to examine projected impacts
of proposed restrictive food planning policies on

various equity-deserving groups, and there are several
promising avenues for future research. First and fore-
most, built environments affect youth health via mul-
tiple pathways, including structuring opportunities for
both physical activity and food consumption.
Research on the built environment and obesity, for
example, typically falls into one category (e.g., walk-
ability and physical activity) or the other (e.g., food
environments and diet-related outcomes), and the
limited research that assessed both pathways simul-
taneously has found conflicting results. Food and
physical activity environments can interact to form
combinations of environmental characteristics that
may synergistically (rather than additively) influence
children’s health-related behaviors (DeWeese et al.,
2018). Specifically, with the confluence of walkability
and a high prevalence of unhealthy food sources,
impacts on health are complex, such that children in
these environments both walk more and eat more
unhealthy foods (DeWeese et al., 2018).

It may also be true that in more walkable environ-
ments, students are more inclined to walk to food outlets
at lunch. Although we did not adjust for walkability in our
analyses, we did account for all FFRs and CSs within rea-
sonable walking distance. Future research could examine
the impact of pleasant walking environments on students’
food purchasing during the school day. Related, a recent
large study used electronic medical records of youth to
examine various built environment associations with BMI
and found that, most notable, community socioeconomic
deprivation was associated with higher youth BMI in all
types of communities (rural, suburban, urban), even after
controlling for built environment factors related to both
food and physical activity (Poulsen et al., 2019). Measures
of the food environment were highly correlated with the
availability of both recreational and utilitarian physical activ-
ity infrastructure, indicating that the food environment
may be difficult to disentangle from other health-related
built environment features (Poulsen et al., 2019).
Environmental “goods” such as physical activity facilities
and fruit and vegetable outlets frequently co-occur with
environmental “bads,” such as CSs and FFRs, and are them-
selves patterned by area-level deprivation (Marek et al.,
2021). Despite complex relationships between built envir-
onment features themselves and their potential impacts
on health behaviors, our study sought only to examine
potential impacts of a specific type of restrictive food envir-
onment policy on the food environment because this pol-
icy has been recommended by multiple prominent
organizations despite a complete lack of empirical support.
How such a policy might change other features of the
built environment (e.g., walkability, which is often in part
operationalized as mixed land use, to which the existence
of restaurants and food stores contribute) and, ultimately,
youth health outcomes remains to be seen and should be
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examined in future research that aims to evaluate these
policies. Clearly, promoting walkable design is an important
goal, and walkable designs that also support healthy diets
should be considered.

Another promising avenue for future research is
to consider urban/rural differences in policy imple-
mentation and outcomes, particularly given urban/
rural differences in the diets of school-aged children
(McCormack & Meendering, 2016; Minaker
et al., 2006).

Conclusions
Under all policy configurations, after 10 years of
implementation, all schools still had ample access to
FFRs and CSs, and inequities in accessibility were
maintained, with disadvantaged schools having
higher access than advantaged schools. Ultimately,
the objective of restrictive food planning policies is to
reduce access to unhealthy foods and, in so doing,
improve youth diets and long-term health. However,
there may be adverse, unintended consequences on
equity-deserving youth whose families may rely on
more financially accessible food options. Using
restrictive zoning policies in areas that are already
oversaturated with FFRs and CSs may have little
impact on changing accessibility to unhealthy food
retailers in school neighborhoods. As evidenced by
results from the sensitivity analysis, this type of zoning
restriction seems to be ineffective in reducing
unhealthy food access for youth during the school
day even in communities that are less well estab-
lished (i.e., the young food environment scenario).
Therefore, for this policy to meaningfully support
reduced access to unhealthy food for youth, it would
need to be implemented prior to the opening of
these types of businesses (for example, in new resi-
dential developments or in potentially more rural
areas where there may be fewer FFRs and CSs).

With a growing need and desire for intersectoral
collaboration of planning professional and public health,
this simulation study aimed to contribute to the
ongoing conversation of social inequities across food
environments and highlight equity considerations of
restrictive food planning policies.
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