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Abstract

This study examines whether exposure to supermarkets and fast food outlets varies with neighborhood-level
socioeconomic status in Edmonton, Canada. Only market area and fast food proximity predicted supermarket exposure.
For fast food outlets, the odds of exposure were greater in areas with more Aboriginals, renters, lone parents, low-income
households, and public transportation commuters; and lower in those with higher median income and dwelling value. Low
wealth, renter-occupied, and lone parent neighborhoods had greater exposure to fast food outlets, which was not offset by
better supermarket access. The implications are troubling for fast food consumption among lone parent families in light of

growing obesity rates among children.
© 2007 Elsevier Ltd. All rights reserved.
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Introduction

Obesity prevalence has risen significantly since the
1970s in Canada, and with it the risk of developing
cardiovascular diseases, diabetes, physical disabil-
ities, and other health conditions (Katzmarzyk,
2002). From 1978 to 2004 measured age-adjusted
obesity rates for adults increased from 14% to 23%
(Statistics Canada, 2005), and childhood obesity has
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tripled over the last 25 years. As of 2004, 26% of
Canadian children and adolescents aged 2—17 years
were overweight or obese (Shields, 2006).

Physical inactivity and food consumption are two
major behavioral factors in obesity. However,
individual behaviors are embedded within environ-
mental contexts. Increasingly, researchers are
examining ecological determinants of individual be-
haviors in the causal pathway for obesity (Swinburn
et al., 1999). For example, accessibility and avail-
ability of food services reflect an important compo-
nent of the built environment that plays a role in
individual food choices (Cheadle et al., 1991;
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Morland et al., 2002; Nielsen et al., 2002; Wrigley
et al., 2003). People in Canada and the United
States are increasingly eating more meals outside
the home, and they are consuming more energy-
dense foods and beverages (Harnack et al., 2000;
Nielsen et al., 2002; Nielsen and Popkin, 2004;
Statistics Canada, 2003). Regular and frequent fast
food consumption over time has adverse health
implications. Over a 15-year period fast food
consumption had a strong positive association with
weight gain and insulin resistance in the CARDIA
study (Pereira et al., 2005).

An emerging body of research is linking negative
health consequences to food retail accessibility.
These include higher obesity, overweight, and
hypertension rates among residents living in a
census tract without a supermarket (Morland
et al., 2006) or in zipcodes with more fast food
outlets (Lewis et al., 2005). Other work has shown
positive associations between the number (Chou
et al., 2004) and density of restaurants, including
fast food outlets (Maddock, 2004) and state-level
obesity rates in the United States, and higher rates
of mortality and acute coronary syndrome hospital
admissions in Ontario (Canada) health regions with
more fast food outlets (Alter and Eny, 2005).
Furthermore, access to supermarkets (a source of
affordable, healthy food) and fast food restaurants
(a source of affordable, energy-dense foods) may
influence food consumption trends for disadvan-
taged groups that have fewer resources than more
affluent groups for traveling outside of the local
area to purchase food (Kumanyika and Grier,
2006). It may be difficult to change eating behaviors
to be more consistent with healthy eating guidelines,
particularly in high-risk populations, if inexpensive,
energy-dense, low nutritional foods are more
accessible (and affordable) than those that are
nutritious (Drewnowski and Specter, 2004).

Socioeconomic status and food retail accessibility

Researchers have identified poor supermarket
access for low-income, inner-city, and predomi-
nantly African American or Hispanic neighbor-
hoods within US urban areas, especially compared
to more affluent suburban and primarily white
residential areas (Cotterill and Franklin, 1995;
Curtis and McClellan, 1995; Kolodinsky and
Cranwell, 2000; Weinberg, 2000; Eisenhauer, 2001;
Morland et al., 2002, 2006; Zenk et al., 2005).
Several UK studies have also noted unsupportive

local food environments in socially deprived areas,
although in the UK these have tended to encompass
suburban local authority housing estates rather than
occurring primarily in inner cities as in the US
(Sooman et al., 1993; Donkin et al., 2000; Clarke
et al., 2002; Wrigley, 2002). Canadian research on
supermarket accessibility is still in its early stages,
but the literature has shown relatively good access
to supermarkets for low socioeconomic status (SES)
and inner-city neighborhoods (Smoyer-Tomic et al.,
2006; Apparicio et al., 2007).

Research from the US suggests that low-income
and predominantly African American neighbor-
hoods have greater exposure to fast food outlets
than higher income and predominantly white areas
(Block et al.,, 2004; Lewis et al., 2005). These
findings support a study from Melbourne, Australia
that found 2.5 times more fast food restaurants in
the lowest income areas than in the highest
(Reidpath et al., 2002) and from Scotland and
England showing a linear increase between
neighborhood deprivation and mean number of
McDonald’s fast food outlets (Cummins et al.,
2005).

Limited research has explored the comparative
accessibility to supermarkets and fast food outlets.
A national study of New Zealand found a strong
relation between neighborhood deprivation and
travel distance to fast food outlets, but also a
similar pattern for supermarket access (Pearce et al.,
2007). In a study of selected US locations, Morland
et al. (2002) found the number of fast food
restaurants and bars decreased as the wealth of
the neighborhood increased, and that predomi-
nantly white residential areas were four times more
likely to have a supermarket near them than
predominantly African-American areas. In areas
lacking a supermarket, fast food, if readily avail-
able, may fill in this food gap (Kumanyika and
Grier, 2006; Regan et al., 2006). Residents of areas
with proximate fast food outlets may have higher
fast food consumption than those in areas without a
fast food outlet nearby (Jekanowski et al., 2001).

Past work in Edmonton, Alberta, Canada, has
found higher fast food exposure for neighborhoods
with greater percentages of unemployed, low-
income, and renting populations (Hemphill et al.,
in press). For supermarket exposure, Edmonton
findings were similar to those from the UK (Clarke
et al., 2002) and New Zealand (Pearce et al., 2007).
Edmonton neighborhoods with the highest super-
market accessibility had higher percentages of
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households lacking a vehicle, with low income, and
with a member over 64 years than those with the
lowest accessibility. Still, supermarket access was
limited in a handful of low-income neighborhoods
with low vehicle ownership rates (Smoyer-Tomic
et al., 2006). To learn whether exposure to fast
food outlets and supermarkets differs in relation to
neighborhood conditions, this paper examines
relationships among supermarket and fast food
outlet exposure, and neighborhood deprivation
indicators in Edmonton, Alberta, for 2004.

Data and methods

The study area was the City of Edmonton, in
Alberta, Canada, whose boundaries contain just
over 660,000 people living within 683 km? (Statistics
Canada, 2002). Neighborhood boundary files from
the City of Edmonton and all other road network
and census data were obtained from Statistics
Canada. Retained for analysis were 215 residential
neighborhoods with populations over 275, which
had non-suppressed data. Location data for all
commercial food services in Edmonton for 2004
were supplied by Capital Health Region, Health
Inspection Division. From the food service dataset,
we selected supermarkets and fast food outlets.
Supermarkets were defined as stores stocking fresh
meat, wheat-based Western style bread, fruits,
vegetables, and dairy milk, and had no required
membership (free access). Specialty food (e.g.,
ethnic, organic, or upscale/gourmet) and conveni-
ence stores were excluded from the analysis. Fast
food outlets were defined as restaurants with walk-
up counter service selling predominantly pre-pro-
cessed and prepared to order foods. Concession
stands, sit-down restaurants, school cafeterias,
cafes, and coffee shops were excluded from the
analysis. This study differs from other similar
analyses in that it includes all sources of fast food
in the study area, rather than a select group
(i.e., popular chain restaurants; see Reidpath
et al., 2002; Block et al., 2004; Maddock, 2004;
Cummins et al., 2005).

We included in the analysis 761 fast food outlets
and 61 supermarkets. Each location was first
determined using GeoPinPoint software (DMTI,
Spatial Inc, Markham, Ontario, Version 5.4), then
manually checked and corrected as needed. To
determine neighborhood-level exposure to each
facility type, we used Arcview (ESRI, Redlands,
CA, Version 9.1) and its Network Analyst extension

to calculate the number of fast food and super-
markets within a street network distance of 500,
800, 1000, and 1500 m from the geometric center of
each census block in each of the 215 study
neighborhoods. These distances correspond with
those used in related literature (Apparicio et al.,
2007; Block et al., 2004; Dowler, 2002). Counts were
then weighted by census block population to
identify the population-weighted mean number of
each facility type within the four different radii for
each neighborhood. We also used a similar proce-
dure to calculate weighted mean minimum distance
to the nearest fast food outlet and nearest super-
market for each neighborhood. These methods
minimize aggregation error and better estimate
average distance from each neighborhood to a
facility than would arise from using the geometric
center of the neighborhood (Hillsman and Rhoda,
1978; Current and Schilling, 1987, Hodgson et al.,
1997). Based on the number and distribution of
supermarkets and fast food outlets in Edmonton
using the four network distances above, we selected
distances that classified approximately 50% of the
neighborhoods into those with and without expo-
sure to each facility type to facilitate statistical
analysis. Thus supermarket exposure was defined as
any census block in the neighborhood having a
supermarket within 800 m; fast food exposure was
indicated by whether or not any census block in
the neighborhood had a fast food restaurant
within 500 m.

Data analysis

Using neighborhood-level variables from the
2001 Canadian census (Statistics Canada, 2001a,
2002), we evaluated differences between neighbor-
hoods with and without an accessible supermarket
(within 800m) and fast food outlet (within 500 m)
for several types of variables: race/ethnicity (Abori-
ginal, visible minority, recent immigrant); SES (low-
income, median income, unemployment, no high
school diploma); age and family status (lone parent,
seniors); housing tenure (renters, average dwelling
value); and urbanization (public transportation
users, number of census blocks, population density,
population size, neighborhood geographical area).
Descriptive statistics for each of these variables for
neighborhoods with and without an accessible
supermarket or fast food were examined and
tested for statistically significant differences using
the Mann—Whitney two sample statistic (Stata
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Corporation, College Station, TX, 9.2 Special
Edition).

We ran logit models (Stata Corporation, 9.2
Special Edition) to examine whether neighborhoods
in the lowest tercile for the variables above had
differential exposure to fast food and supermarkets
than those in higher terciles. Dummy variables were
created for food outlet exposure. We also examined
the effects of neighborhood median family income
on each of the census indicator models. Since
neighborhoods differ in population size and area,
we used the number of census blocks in each
neighborhood (a function of density and geographic
size) as a control for market area. All models also
controlled for the presence of the other food outlet
type by including a dummy variable indicating
whether a fast food restaurant was located within a
mean distance of 500 m from any census block in
the neighborhood for supermarket models; and
whether a supermarket was located within 800 m
from any census block in the neighborhood for fast
food models. Results are reported for indicator
variables with p-values <0.10 in Tables 2 and 3,
with the lowest tercile as the comparison with odds
ratios (OR) equal to 1. Model goodness of fit was
evaluated using Bayesian Information Criterion
[BIC] (Raftery, 1995).

Results
Descriptive statistics

There are almost 12.5 times more fast food outlets
than supermarkets in Edmonton. The mean street
network distance to the nearest fast food outlet was
1139m, 581 m closer than the mean distance to the
nearest supermarket of 1720m (Table 1). Almost
two-thirds of the city’s neighborhoods had at least
one fast food outlet within 500 m (nearly 20% had
more than one fast food outlet within 500 m),
compared to one-third of the city’s neighborhoods
(31.7%) with a supermarket within 500 m (data not
shown). Only a scant 12% of Edmonton’s neighbor-
hoods had no fast food within 1500 m, while more
than twice as many had no supermarket within
1500m. Fast food is readily accessible—within
walking distance for many areas—while getting
to a supermarket requires traveling more than
1000 m (and thus likely requires vehicular transport)
for 101 (45.7%) of Edmonton’s residential neigh-
borhoods.

Statistical models

The base models show that both the number of
census blocks and the economic indicator (fast food
outlet within 500m for supermarket models and
supermarket outlet within 800m for fast food
models) predict supermarket as well as fast food
exposure. The odds of supermarket exposure within
800m was 2.5% higher for each additional census
block within the neighborhood and 3.13 times
higher when a fast food outlet was located within
500m of one or more census blocks within the
neighborhood (Table 2). The odds of a fast food
outlet within 500m was 10.3% higher for each
additional census block and 2.76 times higher when
a supermarket was located within 800m of one
or more census blocks within the neighborhood
(Table 3).

Race/ethnicity

Neighborhoods with a supermarket within 800 m
or a fast food outlet within 500m had more
Aboriginal residents than those areas without,
although the difference was only statistically sig-
nificant for fast food outlets (Table 1). In the logit
models, neighborhoods in the highest tercile of
Aboriginal residents were 2.68 times more likely to
have a fast food outlet within 500 m than the lowest
tercile (Table 3, Model 1a). Once median income
was included into the model, however, Aboriginal
concentrations lost significance to median income
(Table 3, Model 1b). Visible minority (Table 2,
Model 1; Table 3, Models 2a, 2b) and recent
immigrant (not shown) were not significant in any
of the models.

Socioeconomic status

Neighborhoods with a supermarket within 800 m
tended to be of lower SES than those without a
supermarket, but the differences were statistically
significant only for unemployment rate (Table 1).
For fast food accessibility, all of the SES variables
examined had statistically significant differences,
with lower SES indicators in areas with a nearby
fast food outlet (Table 1).

In the supermarket exposure logit models, none
of the SES variables were significant (Table 2).
However, the odds of encountering a fast food
outlet within 500 m for neighborhoods in the lowest
income tercile were 2.39 (Table 3, Model 3).
Neighborhoods with median income in the highest
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Mean and standard deviation (in parentheses) of neighborhood characteristics by supermarket and fast food accessibility categories

Census variable Supermarket within 800 m* All neighborhoods Fast food outlet within 500 m*
No Yes No Yes

Number of neighborhoods 120 95 215 75 140

Minimum distance to supermarket (m) 2290.82%%* 999.63%* 1720.30 2338.21%* 1389.27%*
(1355.11) (278.56) (1211.73) (1659.00) (692.03)

Minimum distance to fast food (m) 1436.63** 763.14%* 1139.04 2031.38%* 661.01%*
(1436.63) (451.94) (1072.04) (1407.79) (233.43)

Number supermarkets within 1000 m 0.04** 0.64** 0.30 0.13%* 0.40%*
(0.14) (0.43) (0.42) (0.25) (0.47)

Number fast food outlets within 1000 m 1.75%* 5.37** 3.35 0.55%* 4.84%%*
(2.41) (6.42) (4.96) (0.93) (5.56)

% Aboriginal 3.85 4.75 4.24 2.80%* 5.02%*
(3.26) (4.01) (3.63) (2.38) (3.94)

% Visible minority 19.16 16.81 18.12 18.59 17.87
(11.44) 9.92) (10.84) (12.12) (10.12)

% Immigrated within 5 years 2.61 2.72 2.66 2.59 2.70
(2.18) (2.38) (2.26) (2.76) (1.96)

% Below low-income cutoff 13.64 15.84 14.64 11.48%* 16.19%*
(8.51) (9.80) 9.16) (8.51) 9.10)

Median family income ($Canadian) 64,217 57,318 61,169 71,159%%* 55,817%*
(24,313) (16,594) (21,481) (25,972) (16,389)

% Unemployed 5.39% 6.13* 5.73 5.27* 5.96*
(2.14) (2.33) (2.25) (2.19) (2.25)

% No high school diploma 17.94 18.88 18.35 16.37** 19.41%*
(7.30) (7.10) (7.21) (7.56) (6.80)

% of lone parent households 17.00 18.61 17.71 13.75%* 19.81%*
(8.03) (7.88) (7.99) (7.93) (7.20)

% Over 64 years (seniors) 10.71 12.40 11.46 10.41%* 12.02*
(6.70) 6.77) 6.77) (7.15) 6.51)

% Renters 28.67* 35.21% 31.56 19.88%* 37.82%*
(23.52) (24.45) (24.10) (20.32) (23.70)

Average dwelling value ($Canadian) 152,921 137,028 145,907 168,049%* 133,874%*
(59,796) (37,724) (51,740) (61,773) (40,830)

% Using public transportation 9.96 11.15 10.49 8.40** 11.61%*
5.91) (4.88) (5.50) 6.31) (4.66)

Population density (per km?) 1436.63* 3025.84* 2783.18 2379.27** 2999.56**
(1275.61) (1139.80) (1233.82) (1371.49) (1098.70)

Total population 2738.88** 3434 .84** 3046.40 2303.33** 3444 46**
(1662.24) (1899.84) (1800.53) (1536.83) (1810.03)

Number of census blocks 17.00%* 25.81%* 20.89 11.77%* 25.77%*
(14.37) (16.29) (15.83) (9.56) (16.37)

Area (km?) 2.84 1.15 2.09 3.85 1.15
(7.95) 0.41) (5.99) 9.93) (0.40)

Asterisk indicates statistically significant difference between category ty
#Supermarket (fast food outlet) within 800 m (500 m) categories: ‘No’

pes using Mann—Whitney test. *p<.05, **p<.01.
= no census blocks in neighborhood have supermarket (fast food

outlet) within 800 m (500 m); “Yes’ = at least one census block in neighborhood has supermarket (fast food outlet) within 800 m (500 m).

tercile were 74% less likely to have a proximate fast
food outlet than lowest tercile (Table 3, Model 4).

Age and family status

The percentages of residents over 64 years and of
lone parent households were higher in neighbor-
hoods with a supermarket within 800m or with a

fast food outlet within 500m, but the differences
were statistically significant only for fast food
outlets (Table 1). In the logit models, the middle
tercile of lone parent neighborhoods was 2.32 times
more likely to encounter a fast food outlet within
500m, and the highest tercile, 5.17 times more
likely, than the lowest tercile (Table 3, Model 5a).
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Table 2

Logit models for one or more supermarkets being within 800 m of one or more census blocks in a neighborhood

Variables® Odds ratio SE z p>|z| 95% CI

Base model BIC® = —871.8

Census blocks 1.025 0.011 2.31 0.021 1.004 1.046
ff500m 3.130 1.100 3.26 0.001 1.575 6.218
Model 1 Visible minority and median income BIC = —854.9

Census blocks 1.025 0.112 2.25 0.025 1.003 1.047
ff500m 3.017 1.104 3.02 0.003 1.473 6.181
mi3vismin 1.225 0.452 0.55 0.582 0.595 2.523
hg3vismin 0.727 0.272 —0.85 0.395 0.349 1.155
mi3medinc 1.871 0.688 1.70 0.089 0.910 3.847
hg3medinc 1.245 0.492 0.56 0.578 0.575 2.699
Model 2 Unemployment and median income BIC = —853.8

Census blocks 1.024 0.011 2.10 0.035 1.002 1.046
ff500m 3.169 1.171 3.12 0.002 1.537 6.537
mi3unemp 1.169 0.438 0.42 0.676 0.561 2.435
hg3unemp 1.497 0.615 0.98 0.326 0.669 3.349
mi3medinc 1.963 0.771 1.72 0.086 0.909 4.238
hg3medinc 1.361 0.575 0.73 0.467 0.594 3.117
Model 3 Total population BIC = —864.2

Census blocks 1.022 0.011 1.94 0.052 0.999 1.044
ff500m 2.839 1.015 2.92 0.004 1.409 5.722
mi3tpop 1.958 0.754 1.75 0.081 0.921 4.164
hi3tpop 1.352 0.541 0.75 0.452 0.617 2.962

SE, standard error. CI, confidence interval.

ff500m, at least one census block in neighborhood has a fast food outlet within 500 m.
‘mi3’ indicates middle tercile of variable, ‘hi3’ indicates highest tercile of variable.

vismin, % visible minority residents in neighborhood.
medinc, median family income ($ Canadian).

tpop, total population of neighborhood.

unemp, % unemployed residents over 15 in neighborhood.

“Results are reported for indicator variables with p-values <0.10 with the lowest tercile as the reference category with odds ratios (OR)

equal to 1.

BIC, Bayesian Information Criteria. Lower BIC values indicate better model fit.

This is one of the best fitting fast food outlet
models, as indicated by its low BIC value. When
median income is added to the model, the fit is not
as good (BIC increases), but the lone parent upper
tercile retains significance. The odds of a fast food
outlet within 500m for the highest lone parent
tercile drop to 3.32 compared to the lowest tercile,
and the middle lone parent tercile OR decreases,
with the 95% confidence interval (CI) broadening to
include 1.0 (Table 3, Model 5b). Unlike the
Aboriginal models (Model 1b), median income
was not significant when it was added to the lone
parent models. To explore this relationship in more
detail, we included low income in the lone parent
model (not shown). The OR for both lone
parent terciles increased compared to the lone
parent model without any income variables: 2.87

(95% CI = 1.07, 7.74) for the middle and 6.25 (95%
CI =2.05, 19.11) for the highest tercile. Low
income was not significant, and in fact the OR
point estimates dropped below 1.0. Higher exposure
to fast food outlets for neighborhoods with higher
concentrations of lone parent families was indepen-
dent of both median income levels and percentage
of low-income households.

Housing

The percentage of renters was higher, and average
dwelling value lower, in areas with a supermarket
within 800 m as well as those with a fast food within
500m than in areas without these facilities. How-
ever, the difference in dwelling value was not
significant between supermarket accessibility areas
(Table 1). The odds of fast food exposure increased
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Logit models for one or more fast food outlets being within 500 m of one or more census blocks in a neighborhood

Variables® Odds ratio Std. error z p>lz 95% CI

Base model BIC® = —924.0

Census blocks 1.103 0.022 5.00 0.000 1.061 1.146
sm800m 2.756 0.984 2.84 0.005 1.369 5.550
Model la Aboriginal residents BIC = -918.5

Census blocks 1.094 0.022 4.50 0.000 1.052 1.138
sm800m 2.667 0.967 2.70 0.007 1.310 5.429
mi3abor 1.436 0.565 0.92 0.358 0.664 3.105
hi3abor 2.677 1.166 2.26 0.024 1.140 6.285
Model 1b Aboriginal residents and median income BIC = -915.5

Census blocks 1.099 0.023 4.54 0.000 1.055 1.144
sm800m 2.560 0.951 2.53 0.011 1.236 5.303
mi3abor 0.904 0.399 —0.23 0.820 0.381 2.147
hg3abor 1.164 0.631 0.28 0.780 0.402 3.370
mi3medinc 0.833 0.386 —0.39 0.694 0.336 2.065
hg3medinc 0.280 0.145 —2.46 0.014 0.101 0.773
Model 2a Visible minority BIC = -916.1

Census blocks 1.107 0.022 5.07 0.000 1.065 1.152
sm800m 2.638 0.951 2.69 0.007 1.302 5.346
mi3vismin 2.071 0.903 1.67 0.095 0.881 4.868
hg3vismin 1.515 0.620 1.02 0.310 0.679 3.378
Model 2b Visible minority and median income BIC = -917.3

Census blocks 1.104 0.023 4.74 0.000 1.060 1.150
sm800m 2.517 0.941 2.47 0.014 1.209 5.237
mi3vismin 1.853 0.835 1.37 0.171 0.767 4.480
hg3vismin 1.595 0.681 1.09 0.275 0.690 3.685
mi3medinc 0.814 0.371 —0.45 0.651 0.333 1.987
hg3medinc 0.267 0.117 —3.02 0.003 0.113 0.629
Model 3 Low income BIC = -918.0

Census blocks 1.103 0.022 4.90 0.000 1.061 1.148
sm800m 2.826 1.024 2.87 0.004 1.389 5.749
mi3lowinc 1.471 0.618 0.92 0.358 0.646 3.353
hg3lowinc 2.393 0.970 2.15 0.031 1.081 5.297
Model 4 Median income BIC = -9259

Census blocks 1.099 0.022 4.65 0.000 1.056 1.144
sm800m 2.598 0.962 2.58 0.010 1.257 5.369
mi3medinc 0.782 0.347 —0.55 0.580 0.327 1.868
hg3medinc 0.257 0.110 -3.17 0.002 0.111 0.595
Model 5a Lone parent BIC = —928.3

Census blocks 1.093 0.022 4.31 0.000 1.050 1.138
sm800m 2.777 1.047 2.71 0.007 1.326 5.813
mi3lonpar 2.321 0.952 2.05 0.040 1.039 5.186
hg3lonpar 5.172 2.291 3.71 0.000 2.171 12.321
Model 5b Lone parent and median income BIC = -919.5

Census blocks 1.095 0.023 4.35 0.000 1.051 1.140
sm800m 2.608 0.995 2.51 0.012 1.235 5.508
mi3lonpar 1.555 0.776 0.89 0.376 0.585 4.135
hg3lonpar 3.319 1.955 2.04 0.042 1.047 10.527
mi3medinc 1.100 0.555 0.19 0.850 0.410 2.957
hg3medinc 0.553 0.319 —1.03 0.304 0.179 1.712
Model 6a Renters BIC = -928.7

Census blocks 1.095 0.023 4.36 0.000 1.051 1.141
sm800m 2.618 0.977 2.58 0.010 1.259 5.442
mi3rent 2.556 1.041 2.30 0.021 1.151 5.679
hg3rent 5.313 2.384 3.72 0.000 2.205 12.804
Model 6b Renters and median income BIC = -920.3

Census blocks 1.096 0.023 4.36 0.000 1.052 1.142
sm800m 2.544 0.963 2.47 0.014 1.211 5.343
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Table 3 (continued)

Variables® Odds ratio Std. error z p>|z| 95% CI

mi3rent 1.863 0.879 1.32 0.187 0.739 4.700
hg3rent 3.364 1.849 221 0.027 1.146 9.878
mi3medinc 0.945 0.479 —0.11 0.911 0.350 2.554
hg3medinc 0.500 0.266 —1.30 0.193 0.176 1.421
Model Ta Average dwelling value BIC = -923.8

Census blocks 1.097 0.023 4.44 0.000 1.053 1.142
sm800m 2.642 0.973 2.64 0.008 1.284 5.438
mi3avdwval 0.435 0.197 —1.83 0.067 0.178 1.059
hg3avdwval 0.251 0.110 —3.15 0.002 0.107 0.593
Model 7b Average dwelling value and median income BIC = -916.9

Census blocks 1.100 0.023 4.50 0.000 1.056 1.147
sm800m 2.613 0.973 2.58 0.010 1.260 5.420
mi3avdwval 0.527 0.266 —1.27 0.205 0.196 1.418
hg3avdwval 0.556 0.343 —0.95 0.342 0.166 1.866
mi3medinc 0.989 0.478 —0.02 0.982 0.384 2.552
hg3medinc 0.373 0.223 —1.65 0.098 0.116 1.201
Model 8a Public transit BIC = -921.7

Census blocks 1.096 0.022 4.58 0.000 1.054 1.139
sm800m 2.780 1.022 2.78 0.005 1.353 5.714
mi3pubtran 2.089 0.838 1.84 0.066 0.952 4.585
hg3pubtran 3.303 1.427 2.77 0.006 1.416 7.701
Model 8b Public transit and median income BIC = -916.7

Census blocks 1.096 0.022 4.51 0.000 1.053 1.141
sm800m 2.626 0.982 2.58 0.010 1.261 5.466
mi3pubtran 1.490 0.641 0.93 0.354 0.641 3.464
hg3pubtran 1.810 0.918 1.17 0.243 0.669 4.894
mi3medinc 0.836 0.381 —0.39 0.694 0.342 2.042
hg3medinc 0.343 0.169 —2.18 0.030 0.131 0.899
Model 9a Total population BIC = -917.5

Census blocks 1.089 0.022 4.24 0.000 1.047 1.133
sm800m 2.595 0.942 2.63 0.009 1.274 5.284
mi3tpop 2.110 0.873 1.80 0.071 0.938 4.750
hi3tpop 2.062 0.877 1.70 0.089 0.896 4.746
Model 9b Total population and median income BIC = -918.1

Census blocks 1.089 0.023 4.08 0.000 1.046 1.134
sm800m 2.480 0.932 2.42 0.016 1.187 5.182
mi3tpop 2.031 0.886 1.63 0.104 0.864 4.773
hi3tpop 1.746 0.778 1.25 0.211 0.729 4.184
mi3medinc 0.683 0.313 —0.83 0.406 0.278 1.678
hg3medinc 0.256 0.111 —3.13 0.002 0.109 0.601

SE, standard error. CI, confidence interval.
sm800m, at least one census block in neighborhood has a supermarket within 800 m.
‘mi3’ indicates middle tercile of variable, ‘hi3’ indicates highest tercile of variable.
vismin, % visible minority residents in neighborhood.
medinc, median family income ($ Canadian).
vismin, % visible minority residents in neighborhood.
lowinc, % residents below low-income cut-off in neighborhood.
lonpar, % lone parent families.
rent, % renting households in neighborhood.
avdwval, average dwelling value ($ Canadian).
pubtran, % public transportation commuters in neighborhood.
tpop, total population of neighborhood.
“Results are reported for indicator variables with p-values <0.10 with the lowest tercile as the reference category with odds ratios (OR)
equal to 1.
°BIC, Bayesian Information Criteria. Lower BIC values indicate better model fit.
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across terciles of renters, with OR = 2.56 for the
middle tercile and OR = 5.31 for the highest tercile
(Table 3, Model 6a). As indicated by the smallest
BIC measure (—928.7), the renters model was the
best fitting model for fast food exposure, followed
by the lone parents model. And, similar to the lone
parent model, the percentage of renters was a better
predictor of fast food exposure than income, and
retained statistical significance when median income
was included in the model (Model 6b). For average
dwelling value, the highest tercile had 74.9% lower
odds of fast food within 500m than the lowest
tercile (Table 3, Model 7a). The effect of dwelling
value, however, was not independent of median
income, and lost significance when income was
added to the model (Model 7b).

Urbanization

The percentage of residents using public trans-
portation for commuting to work was higher in
neighborhoods with a fast food outlet within 500 m
than for those without (Table 1). Total population,
the number of census blocks, and population
density were all statistically significantly higher for
those areas with an accessible supermarket or fast
food outlet. Although mean density was slightly
higher in areas with a proximate supermarket and
fast food outlet than for the city as a whole,
neighborhoods without close access to these facil-
ities had notably lower population densities. In
areas without a fast food outlet within 500 m
population density was 85% of the city-wide mean,
while in those without a supermarket within 800 m,
density was markedly lower at 51.5% of the city
mean (Table 1). Thus low population density was a
better indicator of limited supermarket exposure
than of limited fast food exposure.

In the logit models, the only urbanization
variable associated with supermarket exposure was
census blocks, which were used in the base models.
In the fast food models, the odds of exposure
increased across terciles of public transportation
commuters, with OR point estimates of 2.09 for the
middle and 3.3 for the highest tercile (Table 3,
Model 8a). When median income was included,
public transportation lost significance (Model 8b).

Differential distribution of supermarkets and fast
food outlets

Neighborhoods without a supermarket had larger
populations than those without a fast food outlet,

but notably lower population densities (Table 1).
And, the role of market area as measured by the
number of census blocks was higher for fast food
outlets (OR =1.103) than for supermarkets
(OR = 1.025). Even though supermarkets require
larger land parcels to support their retail and
parking needs, low population density appears to
be more of a deterrent to the siting of a supermarket
than a fast food outlet, reflecting the larger
consumer base needed to support a supermarket
than a fast food outlet. Neighborhoods with
sufficient consumer base to support a supermarket
were highly favorable for fast food retail activity.

Neighborhood socioeconomic variables were
greater predictors of the odds of exposure to a fast
food outlet than to a supermarket in Edmonton.
Fast food outlet exposure, much more so than
supermarket exposure, was higher in deprived areas.
Mean rates of unemployment and renting house-
holds were statistically higher in neighborhoods
with at least one census block with a supermarket
within 800 m than for those without. Population
density and total population were also higher in
areas with a proximate supermarket than without
one. However, after controlling for the number of
census blocks per neighborhood and proximity to a
fast food outlet, none of the socioeconomic,
ethnicity, or urbanization variables affected the
odds of encountering a supermarket within 800 m of
a residential neighborhood in Edmonton. For fast
food outlets, however, nearly all of the variables
evaluated, with the exception of percentage of
visible minorities and of recent immigrants, indi-
cated deprived neighborhoods had higher odds of
exposure to a fast food outlet within 500 m of one or
more census blocks. Neighborhoods with lower
SES as well as those with higher percentages of
Aboriginal, lone parent, or elderly residents were
more likely to have a proximate fast food outlet
than were higher SES neighborhoods. After con-
trolling for number of census blocks and super-
market proximity, a range of census variables,
including median income, dwelling value, percen-
tage of renters, and percentage of public transporta-
tion commuters, remained significant predictors of
the odds of exposure to a fast food outlet.

The role of wealth, as measured by median
income and housing value, was different in super-
market than in fast food outlet location in
Edmonton. In the 120 neighborhoods without a
proximate supermarket, the average median income
was $64,217 and the average dwelling value was
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$152,921. These values were not significantly
different than the city-wide means. For those 75
neighborhoods without a proximate fast food out-
let, however, average median income was $71,159
and average dwelling value was $168,049, both
notably higher than for the city as a whole (Table 1).
Thus fast food outlets were less likely to locate in
higher wealth areas than supermarkets were.

To explore the role of SES variables in the
differential distribution of supermarkets and fast
food outlets in more detail, we performed a
stratified analysis of economically developed areas
comparing differences in median income, percen-
tage of lone parents, and percentage of renters for
neighborhoods with and without a supermarket or
fast food outlet. We used exposure to two or more
fast food outlets within 500 m of at least one census
block, or one or more supermarket within 800 m of
at least one census block, as a rough proxy for
economic development in the stratified analysis. The
presence of these food outlet types indicates the area
is being used for retail, and thus is more favorable
for additional food retail activity (e.g., Town
Centres in Edmonton often include a supermarket,
fast food and full service restaurants, small shops,
and services such as a dry cleaner, movie rental, or
liquor store). First, we analyzed the subset of
neighborhoods with exposure to a supermarket,
and compared differences in the three SES variables
for neighborhoods with and without exposure to a
fast food outlet. We did the same thing for those
neighborhoods exposed to two or more fast food
outlets, comparing neighborhoods with and without
a proximate supermarket. For neighborhoods with
a supermarket, median income was lower and the
percentages of lone parents and renters were higher
in neighborhoods with exposure to a fast food
outlet than those without one (Fig. la). For
neighborhoods with two or more fast food outlets,
those with a supermarket had slightly higher SES,
including significantly (p<.05) lower percentage of
renters than those without a supermarket (Fig. 1b).
Thus in neighborhoods with retail activity, low SES
neighborhoods were less likely to have a super-
market but more likely to have a fast food outlet.

Discussion

Our results show that, although the locations of
supermarkets and fast food outlets in Edmonton are
related (with each facility type predicting the odds
of the location of the other), their distribution

differs with respect to neighborhood-level socio-
demographic factors. SES does not appear to be an
independent factor in Edmonton’s distribution of
supermarkets—that is, supermarkets are not sys-
tematically absent from low SES neighborhoods.
This finding is similar to those from New Zealand
(Pearce et al., 2007) and some UK studies (Clarke et
al., 2002; Cummins and Maclntyre, 1999). In
comparison, US research from a range of locales
has shown that low SES neighborhoods, particu-
larly those in the inner city, have lower supermarket
accessibility than those with higher SES (Cotterill
and Franklin, 1995; Curtis and McClellan, 1995;
Eisenhauer, 2001; Morland et al., 2002). Although
we did not find evidence of city-wide socioeconomic
inequity in the distribution of supermarkets in
Edmonton, the stratified analysis revealed some
similarities to US findings, albeit to a lesser degree.
Among neighborhoods with retail activity, those
with lower median income and higher rates of lone
parents and renters were less likely to have a
supermarket than higher SES areas.

Despite increasing globalization and convergence
of supermarket industry trends, the international
variations found between neighborhood-level SES
and supermarket accessibility suggest that different
sociodemographic, market, and legislative processes
underlie the differential distribution of supermar-
kets within various countries. In comparison,
studies of SES and fast food outlets from different
countries have all found greater exposure to fast
food outlets in lower SES areas (Reidpath et al.,
2002; Morland et al., 2002; Block et al., 2004;
Cummins et al., 2005; Lewis et al., 2005; Pearce
et al., 2007; Hemphill et al., in press).

The differential distribution of supermarkets and
fast food outlets with regard to neighborhood-level
SES is to be expected to some extent in that the
processes affecting the site selection and ongoing
operation of a supermarket differ from those for a
fast food outlet. The retail history of these two food
outlet types also is quite different. Fast food
retailers target children and youth in their advertis-
ing, and they select restaurant locations that are
accessible and proximate to their target demo-
graphic (Austin et al., 2005). Deprived areas, where
retail services (including supermarkets) are scarce,
may be particularly attractive for fast food outlets
to operate because of lower rents, a less competitive
retail climate, and often less restrictive land use
regulations (Kwate, 2008). While the total number
of fast food outlets has increased over time, the
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Fig. 1. (a) Socioeconomic characteristics of neighborhoods by fast food outlet exposure for neighborhoods with one or more supermarket
within 800 m of at least one census block. (b) Socioeconomic characteristics of neighborhoods by supermarket exposure for neighborhoods
with two or more fast food outlets within 500 m of at least one census block. Notes: no ff = zero fast food outlets within 500 m of any
census block in neighborhood. ff = one or more fast food outlets within 500 m of any census block in neighborhood. no sm = zero
supermarkets within 800 m of any census block in neighborhood. sm = one or more supermarket within 800 m of any census block in
neighborhood. *p<0.05 between fast food (supermarket) categories using Wilcoxon rank sum test of difference.

number of grocery stores and supermarkets has
decreased due to pervasive restructuring within the
supermarket industry dating back to the 1950s
(Guy, 1996a,b; Wrigley, 1998, 2002), including
leveraged buyouts and firm mergers in the 1980s
(Cotterill, 1992; Wrigley, 1999), and industry-wide
differences between urban and suburban sites
in insurance, financing, and wholesale prices (Mac-
Donald and Nelson, 1991; Alwitt and Donley,
1997). Supermarkets have evolved from small
grocery stores (30,000 ft> or less) providing essential
food items to larger facilities offering an increasing
array of services and non-food items. These

industry-wide trends made many older stores in
mature urban neighborhoods unprofitable, resulting
in their closure. The result has been fewer but larger
stores, which require larger land parcels and a
greater consumer base (Cotterill, 1992). Suburban
locations with their cheaper and more readily
available land, have become increasingly appea-
ling for new superstore, combination store, and
warehouse store formats (with newer combination
stores averaging over 58,000 ft?) (Cotterill, 1992;
Eisenhauer, 2001). Although many older and
smaller urban supermarkets closed in Edmonton,
there have been a handful of new supermarket
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openings since the late 1990s in mature neighbor-
hoods corresponding with Business Revitalization
Zone economic development efforts.

As with any cross-sectional study, this study
presents a single time-slice of food retail locations in
relation to neighborhood-level housing and socio-
demographic patterns. Spatial analysis of super-
market and fast food outlets, as with any measure of
retail activity, is constrained in that the location of
the variable of interest is not independent of the
history of the spatial economy that has preceded it.
Thus we cannot from this study directly infer
whether or not fast food outlets deliberately located
in low SES neighborhoods, or if their location there
is a consequence of economic development. How-
ever, comparison of variables predictive of the odds
of supermarket or fast food outlet exposure suggest
that different factors affect the distribution of the
two retail types in Edmonton, as has been suggested
in other research. Low land rents make certain
neighborhoods more affordable, resulting in greater
concentrations of low SES populations. These areas
would also be expected to have lower commercial
land rents as well, and the distribution of fast food
outlets in Edmonton shows that fast food retailers
are operating in these arcas. Market forces and
trends in economic development, whether deliberate
or unintended, are not conducive to supportive local
food environments for vulnerable populations.

Fast food outlet exposure and vulnerable populations

Regardless of the reasons for the distribution of
fast food outlets in Edmonton, persons living in
Edmonton’s lowest income neighborhoods are 2.3
times more likely to have a fast food outlet within a
5-10-min walk than those in the most affluent
neighborhoods. Vulnerable populations including
Aboriginals and lone parents living in low-income
neighborhoods have fewer resources for reaching
food retail outlets outside of the neighborhood.

Although fast food outlet exposure was higher in
neighborhoods with higher percentages of Abori-
ginal residents, the variable lost statistical signifi-
cance when median income was included, suggesting
that income, rather than Aboriginal ethnicity is the
more robust indicator of fast food exposure. Still,
Aboriginal residents in Edmonton are vulnerable as
they have lower average incomes and rates of
employment and are more likely to reside in
low-income neighborhoods than non-Aboriginals
(Statistics Canada, 2001a). For example, in Alberta,

off-reserve Aboriginal median income for indivi-
duals 15 and older was $11,742 compared to
$21,879 for Alberta’s non-Aboriginal population
(Statistics Canada, 2001b). In Edmonton’s low-
income neighborhoods, greater exposure to fast
food outlets, as well as higher exposure to low-cost,
energy-dense foods from other sources, including
food banks, may be a contributing factor to the
higher prevalence of obesity among Canada’s
Aboriginal populations (Belanger-Ducharme and
Tremblay, 2005).

Of particular interest is the elevated OR of fast
food exposure for neighborhoods with high propor-
tions of lone parents, even after controlling for
income. The relationship appears linked to rental
neighborhoods, as suggested by the strength of that
variable in the fast food models. Lone parent
families have lower median incomes than two-
parent families, with median income for couple
families of $62,663 compared to $31,950 for lone
parents in Edmonton in 2000 (Statistics Canada,
2001b), offering fewer opportunities for home
ownership and greatly constraining food budgets.
Lone parent families are more likely to reside in
high-rental areas, where the odds of fast food
exposure are more than five times higher than in
low rental areas. The implications for this high
exposure to fast food, which is not offset by higher
exposure to supermarkets, are that lone parent
households have ample opportunity to purchase
energy-dense, nutrient-low, prepared meals.

Research from Los Angeles has shown that in
low-income neighborhoods with higher proportions
of African American residents, restaurants and fast
food outlets had fewer healthy food options
available in terms of selection and preparation,
and that unhealthy food options were strongly
promoted (Lewis et al., 2005). In addition, lower
prices per energy value for processed foods than
healthier foods may encourage their purchase and
consumption (Drewnowski and Specter, 2004).
Thus not only is there higher exposure to fast food
in low income than more affluent neighborhoods,
but there is evidence from other locales suggesting
that price along with food marketing in poor
communities promotes consumption of less nutri-
tious food options. Added to high exposure to fast
food outlets are lower median income and time
constraints as lone parents face the challenges of
generating household income and caring for chil-
dren without the benefit of a second partner. The
literature has shown obesity is higher in areas where
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fast food outlets are more prevalent (Chou et al.,
2004; Morland et al., 2006), and among lower SES
groups (French et al., 2000). Thus, higher neighbor-
hood exposure to fast food in areas with large lone
parent family populations poses a risk for higher
fast food consumption among low-income children
and adolescents, and may be one factor in higher
overweight and obesity rates found among low-
income households (Blomquist and Bergstrom,
2007; Janssen et al., 2006; Oliver and Hayes, 2005;
Phipps et al., 2006).

Our findings suggest that wealth and political
power can ‘buy’ some degree of isolation from
commercial activity, particularly from those uses
that may be seen as undesirable. Similar to previous
research in Edmonton (Hemphill et al., in press),
our findings suggest that fast food outlets are a
nuisance that can be avoided through residence in
higher SES neighborhoods. Indeed, there have been
protests over the opening of new fast food outlets
in Edmonton (Barlow, 2002a,b) and elsewhere
(National Post, 2000; Kitchener Record, 2002;
Cambridge Reporter, 2002). In the United States,
some towns have banned fast food outlets for
aesthetic or traffic safety reasons (Mair et al., 2005),
and more recently city councilors from New York’s
Bronx (Fernandez, 2006) and South Los Angeles
(Wagenseller, 2007) have proposed limiting fast
food restaurants in their districts as a way to
counter growing obesity rates among low SES
populations. Vulnerable populations in deprived
neighborhoods may lack the social capital and
political clout to form effective community coali-
tions to protest unwanted food retail operations or
advocate for affordable, healthy food outlets in
their communities. Thus social and political advo-
cacy in support of these populations is needed to
change the local food environment.

Conclusions

We found that in Edmonton, predominantly low
wealth, renter-occupied, and lone parent neighbor-
hoods have greater exposure to fast food outlets,
which is not offset by better supermarket access. In
Alberta, as in all of Canada, the public treasury
covers the costs of health care. The levels of obesity
beginning to appear in children and youth (Shields,
2006) have clear negative implications over the long
run for the health care sector (Hampl et al., 2007).
Since certain vulnerable populations may be ex-
posed to unhealthy food near their residence, public

policy debate on regulations to protect these
populations, as well as to minimize long-term health
care costs is warranted. Perhaps zoning bylaws
should be considered to regulate the ability of fast
food stores to cluster in low-income, single-parent
neighborhoods, or to encourage a greater range of
healthy, affordable food choices in fast food outlets.
Such zoning bylaws would replicate regulations that
have been enacted for public health reasons in other
areas, such as requiring bars or even fast food
outlets to be located a minimum distance from
schools (Ashe et al., 2003).
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