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ABSTRACT
Rationale: Cardiovascular risk varies across communities in Canada. Community-level differ-
ences in contextual factors may influence risk factor development.
Methods: We audited urban and rural Canadian communities using a standardized instru-
ment to collect objective measures of demographic, public transport, tobacco, grocery,
alcohol, and healthful restaurant options. We duplicated 209 audits to assess reliability.
Results: Of 2074 communities audited between 2014 and 2016, 83.5% were urban. Provincial
and urban-rural differences exist in fruit and vegetable availability. Rural communities face
higher food prices, are subject to more seasonal variation in fruit and vegetable selection, and
generally see less promotion of healthy choices and nutritional information in restaurants
than urban communities. In-store advertising for sweet drinks and junk food is more frequent
than advertisements for tobacco products. Cigarette prices are lower and variety higher in
urban than rural communities, and lowest in central Canada. Alcohol prices are lowest in
Quebec. The intra-rater reliability of the audits was high. We created an on-line map for public
use.
Conclusions: Provincial and urban-rural differences exist for contextual determinants of
health. Public health and built environment professionals and government officials should
use these data to develop unified federal and provincial strategies to reduce Canada’s chronic
disease burden.
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Introduction

Cardiovascular disease (CVD) rates vary considerably
across geographic regions, and over time (Keys et al.
1984, Menotti et al. 2003). The built environment in
which a person lives strongly influences the develop-
ment of risk factors for CVD and other chronic
diseases, and varies across populations, geography,
and over time. Features of the built environment,
known as ‘contextual factors’, may be viewed as pri-
mordial causes of CVD risk factors, because the
environment affects health through physical (e.g.
community resources, built environment), and social
(e.g. social support, norms) dimensions, which influ-
ence health-related behaviors such as smoking, food
consumption, and physical activity (Sallis and Owens

2002). These behaviors may influence the risk of
CVD through promoting or preventing intermediate
conditions such as obesity, hypertension, dyslipide-
mia, and hyperglycemia.

Many tools have been developed to capture indi-
viduals’ perceptions of their built environment
(Reimers et al. 2013), but fewer tools exist to capture
direct observations of multiple features of the built
environment (Cunningham et al. 2005, Day et al.
2006, Pikora et al. 2006, Glanz et al. 2007, Chow et
al. 2009, Gasevic et al. 2011, Wong et al. 2011,
Pomerleau et al. 2013, Rahmanian et al. 2014). The
Prospective Urban and Rural Epidemiological
(PURE) study developed and validated an objective
audit tool that simultaneously assesses multiple con-
textual factors within communities (Chow et al.
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2010), and implemented it internationally. We
adapted this assessment tool for use in Canada as
part of the Canadian Alliance for Healthy Hearts
and Minds (CAHHM), a pan-Canadian, prospective,
multi-ethnic cohort study of 9000 people (Anand et
al. 2016, 2018).The objective of the contextual factors
component of the CAHHM is to understand the role
of the activity, nutrition, social, and tobacco environ-
ments on CV risk factors, subclinical vascular disease,
and clinical cardiovascular (CV) events at the indivi-
dual and population levels. The specific aims of this
paper are to report on the assessment methodology
and summarize the characteristics of communities in
Canada. In this paper, we report national-level com-
munity characteristics and their interprovincial,
urban/rural, and Cartesian coordinate differences.

Methods

Below, we briefly describe the assessment tool, selection
of communities, and country-coverage. Appendix 1
within the Supplementary material presents detailed
methods, and Appendix 2 within the Supplementary
material presents the audit protocol.

Assessment tool

We conducted contextual audits using a modified ver-
sion of the Environmental Profile of a Community’s
Health (EPOCH-1) instrument (Chow et al. 2010). This
audit was developed and validated in 93 rural and urban
communities in 5 countries (Canada, Colombia, Brazil,
China and India) participating in the PURE study, a
large-scale epidemiological study of the relationship of
societal influences on human lifestyle behaviors, cardio-
vascular risk factors, and incidence of chronic diseases in
>600 communities in 17 low-, middle-, and high-income
countries around the world (Teo et al. 2009). This tool
was modified slightly for the Canadian context (e.g. the
food list), reviewed for face validity by an expert panel
(SA, SL, LG, GB, SS, DC) and pilot tested in 2 urban and
2 rural communities in Southern Ontario prior to wide-
spread use.

The modified EPOCH-1 assesses 5 contextual
domains: i) community characteristics (i.e. demo-
graphics, infrastructure, and services); ii) tobacco envir-
onment (i.e. availability, access, and pricing of tobacco
products); iii) alcohol environment (i.e. the prices of
beer and wine); iv) retail grocery environment (i.e.
prices and availability of foods, and advertising); and
v) restaurant environment (i.e. healthfulness of offer-
ings and nutritional information available).

Selection of communities and locations

The forward sortation area (FSA) was deemed to be
the optimal community unit. FSAs are a geographical

unit based on the first three characters of the 6-char-
acter Canadian postal code, which is roughly equiva-
lent to the first two digits of a U.S. zip code. Each
audited community represented a median of 323
postal codes (IQR: 9 to 668), with at least 1 audit
conducted at the FSA or postal-code level for 97.2%
of Canadian postal codes, representing 96.7% of the
population (32,362,892 people). We classified commu-
nities as rural or urban using prespecified definitions
(Appendix 1 within Supplementary material), and as
northern or southern using median latitude values by
province (Table S1). Two audits were conducted in
areas with highly variable household incomes, which
were treated as two distinct communities. All data
were collected by centrally-trained auditors in each
province and deposited into a central database at the
Population Health Research Institute (Hamilton, ON).
The closest tobacco store, grocery store, and local
restaurant to the center of the community were
selected for the detailed assessments. In a minority of
communities (<21%), a grocery store (33%), tobacco
retail (26%), alcohol retail (33%), or restaurant (28%)
could not be found. No food, tobacco, or alcohol data
were collected when there was no store within the
designated community.

Statistical approaches

Data were analyzed using SAS (version 9.4, Cary, NC)
and differences or associations were declared signifi-
cant where p < 0.05. Descriptive data are presented as
mean ± standard deviations or median (interquartile
range [IQR]) for continuous variables, and as counts
(percent) for categorical or dichotomous variables.
Between-groups comparisons of means of continuous
variables were assessed with independent-samples t-
tests (2 categories) or one-way analysis of variance
(ANOVA; >2 categories). Between-groups compari-
sons of medians of continuous variables were con-
ducted using Wilcoxon rank-sum test (2 categories)
or the Kruskal-Wallis test (>2 categories). Between-
groups comparisons of proportions were assessed
using the exact binomial test. A previous Canadian
study (CANHEART) (Maclagan et al. 2014) showed
that cardiovascular health generally decreases from
western to eastern provinces; we therefore investi-
gated the presence of an east-west gradient of the
distribution of the contextual factors measured in
our study, by regressing the outcome against the
continuous longitude using linear regression for con-
tinuous outcomes and logistic regression for dichot-
omous outcomes. We used the same approach to
assess the presence of a north-south gradient.

Measurement error assessment
We assessed both intra-rater and inter-rater reliability
of measures collected during the audit in a sample of
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209 communities in Alberta, Ontario, Quebec, Nova
Scotia, Prince Edward Island, and Newfoundland and
Labrador. Reliability was quantified with the intra-
class correlation coefficient:

ICC ¼ ρ̂2s

ρ̂2y
¼ n SMS� EMSð Þ

nSMSþ kMMSþ nk� n� kð ÞEMS

where SMS (mean square between subjects), MMS
(mean square between measures), and EMS (random
error) are the mean squares for community-level
characteristics, audits, and error, respectively,
obtained from the two-way random-effects ANOVA
design. This method has been described previously
(Chow et al. 2010). We classified ICC between 0 and
0.44 as low, 0.45 and 0.74 as acceptable, and >0.75 as
excellent. Negative values represent agreement worse
than expected, or disagreement.

Results

A total of 2074 community audits were undertaken by
trained auditors between 2014 and 2016: 14% in east-
ern provinces (New Brunswick, Nova Scotia,
Newfoundland/Labrador, and Prince Edward Island),
58% in central provinces (Ontario and Quebec), and
27% in Western provinces (British Columbia, Alberta,
Saskatchewan, and Manitoba). A total of 1544 tobacco
stores, 1392 major chain grocery stores, 1381 alcohol
stores, and 1501 restaurants were audited.

Community demographics

About 83.5% of Canadian communities are classified
as urban, and 16.5% as rural (Table 1). The most
urban province is Ontario (92.1% of 696 commu-
nities were urban) and the most rural province is
Newfoundland/Labrador (50.0% of 44). The median
number of households in a community is 7,210 (IQR:
3,647.5 to 11,867.5), which contain 17,435 (IQR:
8,624 to 28,144) people (and Tables S2-S5 for
Census and National Household Survey data). The
median distance from the community center to a
major city center is 8.7 (IQR: 1.1 to 23.2) km, and
the median distance to a major highway is 3.1 (IQR:
1.4 to 6.8) km. In total, 69% of communities are
serviced by a bus at least once per day, and 10% are
serviced by a train or subway at least once per day.

The median number of households (7975 [IQR:
4370 to 12,280] vs. 4055 [IQR: 2,100 to 7,205]),
population (19,153 [IQR: 10,484 to 29,085] vs.
9,702 [IQR: 5,324 to 17,493]), and household
income ($78,629.50 [IQR: $61,747.50 to
$99,810.50] vs. $64,181 [$55,455.00 to $76,389.00])
are higher in urban than in rural communities
(Table 1). The mean ratio of the highest to the
lowest median income in a community is higher

in urban areas (ratio = 7.1 ± 14.7) than rural areas
(4.0 ± 2.0). Rural communities are further from the
nearest urban center (median distance: 61.2 [IQR:
32.1 to 103.0] vs. 6.3 [IQR: 0 to 15.4] km;
p < 0.0001) but the median distance to major high-
ways does not differ between urban and rural com-
munities (3.1 [IQR: 1.4 to 6.3] vs 3.5 [IQR: 0.5 to
19.2] km; p = 0.37). In urban centers, 78.5% of
communities are serviced at least once per day by
a bus and 12.0% are serviced at least once per day
by a train. In rural centers, 20.9% of communities
are serviced at least once per day by a bus and
none are serviced at least once per day by train.
Table S6 presents comparisons between northern
and southern communities by province. Table S11
presents continuous regression models by latitude
and Table S12 presents continuous regression
models by longitude.

Tobacco store assessments

Out of the 2074 communities, 74.5% contain a
tobacco store, being more common in rural than in
urban communities (Table 2). The price of the lowest
price pack of cigarettes is $1.07 lower (per 20-pack)
in urban than in rural environments (p < 0.001)
(Table 2). The median number of brands available is
higher (p < 0.0001) in urban (25, IQR: 20 to 30) than
in rural regions (20, IQR: 14 to 25) (p < 0.0001). In
other respects, urban and rural stores were similar.

The mean price of a 20-pack (the most common size)
of Marlboro (or another international brand) is
$11.30 ± 1.74, and the least expensive pack of 20 cigar-
ettes is $7.80 ± 1.70. Tobacco is rarely openly displayed
(3.5% of 1,535 stores), and mainly reported in Alberta
(19.9% of 146 stores) and Quebec (4.6% of 392 stores).
Advertising for tobacco products is visible at the point-
of-sale in 21.4% of stores. Signs warning of the harmful
effects of smoking are present in 32.6% of stores, signs
prohibiting smoking are observed in 66.8% (e.g., please
see Figure 1), and 8.3% of stores sell smoking cessation
aids. The presence of point-of-sale cigarette advertising is
highest in Alberta (56.9% of 146 stores) and Quebec
(54.1% of 392 stores).

Some interprovincial differences were observed
including wide ranges in the per-pack price of 20 cigar-
ettes. The lowest price for a 20-pack of Marlboro (or
equivalent international brand) cigarettes was found in
Quebec ($10.51 ± 1.10) and the highest in Manitoba
($14.00 ± 0.93). The lowest price for the cheapest 20-
pack of cigarettes was found in Quebec ($6.49 ± 0.38)
and the highest in New Brunswick ($10.85 ± 0.21).
Marlboro cigarettes were 49% (95% CI: 48% to 50%;
p < 0.0001) more expensive than the cheapest pack of
the same size but this ranged from 24% (Manitoba) to
62% more expensive (Quebec).
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Point-of-sale tobacco advertisements were more
common in northern stores (24.1%) than in southern
stores (18.6%); mainly in Alberta (28.2% vs. 8.2%;
n = 146 stores) and Quebec (8.9% vs. 1.3%; n = 392
stores). Openly displayed tobacco was seen more
often in southern (5.5%) than in northern (1.6%)
stores. Signs warning of the dangers of smoking
(45.4% vs. 19.7%) and prohibiting smoking (71.7%
vs. 61.8%), and smoking cessation aids (10.5% vs.
5.9%) were more common in northern than in south-
ern stores. Table S7 presents comparisons between
northern and southern communities by province.
Table S11 presents continuous regression models by
latitude and Table S12 presents continuous regression
models by longitude.

Grocery store assessments

Out of the 2074 communities, 67.1% contain a major
chain grocery store (Table 3). A greater percentage of
rural (77.6%) than urban communities (65.0%) had a
major chain grocery store within the community
boundary. A median of 25 (IQR: 22 to 27) out of 35
fruits and 31 (IQR: 27 to 34) out of 42 vegetables
surveyed were available for purchase. Tables S13 and
S14 list the relative availability of each fruit and
vegetable. The price of a nutritious food basket is
$66.92 ± 9.56 and of a ‘junk food’ combination is
$1.97 ± 0.68 (Please see Appendix 3 within the
Supplementary material for the components of
each). Purchasing these foods once per week would

Figure 1. Examples of signs prohibiting smoking and alcohol advertisements. Examples of cigarette signs in Alberta (left smaller
panels), and cigarette and alcohol advertisements in Quebec (right larger panels).

Figure 2. Examples of fruit and vegetable, and ‘junk food’ advertising. Clockwise from top left: Signs promoting green
vegetables (Ontario), a grocery store offering fruit for children to snack on while their parents shop (Alberta), a chocolate bar
display (Nova Scotia), and a sugar-sweetened beverage display (Ontario).
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account for 5.0 ± 2.0% of annual household income
(or $3577.50 ± 507.52 per year). At least one organic
option was available in 48.8% of stores. Overall,
77.2% of grocery stores have ‘junk food’ advertise-
ments, 73.9% have sweet drink advertisements, 59.2%
have fruits and vegetable advertisements, 23.6% of
stores have advertisements for alcohol, and 1.4%
have advertisements for cigarettes (For examples,
please see Figures 1 and 2). At least three damaged
or bruised fruits were noted in 29.2% of grocery
stores; and 83.0% of stores had fruits/vegetables spe-
cially packaged for sale.

Interprovincial comparisons show that the number
of fruits (median = 14; IQR: 12 to 20) and vegetables
(median = 21; IQR: 19 to 25) available is lowest New
Brunswick, and the number of fruits available is high-
est in Prince Edward Island (median = 28; IQR: 24 to
28), and the number of vegetables available is highest
in British Columbia (median = 34; IQR: 31 to 36)
(Table 5). The price of the nutritious food basket is
highest in New Brunswick ($87.54 ± 1.89) and lowest
in Ontario ($60.92 ± 9.70). Junk food advertising is
most common in New Brunswick (at least one adver-
tisement was observed in 100% of 54 stores) and least
common in Manitoba (at least one advertisement was
observed in 5.6% of 54 stores). Sweet drink advertis-
ing is highest in New Brunswick (100% of 54 stores)
and lowest in Prince Edward Island (0.0% of 6 gro-
cery stores) and Manitoba (5.6% of 54 stores).
Advertisements for fruits and/or vegetables were
highest in New Brunswick (98.2% of 54 stores) and
lowest in Manitoba (5.6% of 54 stores) and
Saskatchewan (6.5% of 46 stores). Alcohol advertise-
ments were most common in Quebec (82.1% of 358
stores), which has been selling alcohol in grocery
stores and depanneurs since 1978. (Mailloux 2013)
Alcohol was not widely sold in grocery stores in
other provinces. Other than Quebec, only
Newfoundland (9.1% of 33 stores), Ontario (5.5% of
419 stores), Saskatchewan (2.2% of 46 stores), and
Alberta (0.7% of 148 stores) reported any advertise-
ments. For examples of these advertisements, please
see Figures 1 (alcohol, cigarettes) and 2 (fruits, vege-
tables, sweet drinks, and candy).

More fruit and vegetable varieties are available for
purchase in urban than in rural communities (med-
ian = 25 [IQR: 22 to 27] vs. 23 [IQR: 19 to 26] fruits
and 32 [IQR: 28 to 34] vs. 28 [IQR: 22 to 32] vege-
tables; both p < 0.0001 for urban vs. rural difference)
(Table 3). The price of food is lower in urban than in
rural communities (by $4.56, or 6.4%, for the nutri-
tious food basket, and by $0.31, or 13.8%, for the junk
food combination) and purchasing these items
weekly would cost 4.8 ± 2.0% of annual household
income in urban compared to 5.8 ± 1.7% in rural
households; at these mean values, rural households
spend an additional $249 per year (95% CI: $165 to

$334) on these food items compared with urban
households.

The presence of advertisements promoting junk
food is higher in urban (78.5%) than rural (71.5%)
communities (p < 0.018). The presence of advertise-
ments promoting sweet drinks, fruits and/or vegeta-
bles, and alcohol and tobacco advertising is similar
between urban and rural communities (Table 3).
When stratified by season of audit, in urban areas
there is little seasonal variability in the number of
fruits or vegetables available but rural areas are more
affected by seasonal availability. The lower variety
numbers are also observed in rural communities in
eastern and western Canada in the winter.

No differences in availability of fruits or vegeta-
bles, food prices, the availability or organic foods, or
the presence of damaged fruits were noted between
northern and southern communities. However,
advertising of sweet drinks fruits and vegetables, alco-
hol, and tobacco were more common in northern
than in southern stores. The number of fruits and
vegetables available increased from north to south.
The price of the food basket decreased from north to
south (-$0.90 per 200 km, the approximate difference
between a typical northern and southern community;
95% CI: −1.24 to −0.56; p < 0.0001). This was driven
by a decrease in price of the nutritious food items
(-$0.87 per 200 km; 95% CI: −1.20 to −0.53;
p < 0.0001) (Table 3). Advertisements for junk food,
sweet drinks, alcohol, tobacco, and fruits and vegeta-
bles were more commonly observed moving from
west to east. The price of the food basket increased
from west to east (+$0.46 per 800 km, the typical
between-province distance; 95% CI: −0.05 to 0.88;
p = 0.027). The cost of this food basket represented
an increasing proportion of household income from
west-to-east. Table S8 presents comparisons between
northern and southern communities by province.
Table S11 presents continuous regression models by
latitude and Table S12 presents continuous regression
models by longitude.

Alcohol store assessments

Out of the 2074 communities, 66.6% contained a
store that sold alcohol. The average price of a 750-
mL bottle of wine was $11.32 ± 3.33, and the price of
24-cans of beer was $34.38 ± 13.59 (Table 4). The
price of a 750-mL bottle of wine was lowest in
Quebec ($9.75 ± 1.81), and highest in Prince
Edward Island ($13.99). The price of a case of 24-
cans of beer was lowest in Quebec ($19.39 ± 11.33)
and highest in Newfoundland ($50.85 ± 9.05).
Alcohol outlets are present more frequently in rural
(77.0%) than in urban (64.5%) communities, but the
prices of beer and wine are not significantly different
(Table 4). Alcohol outlets are present equally in
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northern and southern communities. The price of a
case of 24-beer and 750-mL bottle of wine are, on
average, lower in northern than in southern commu-
nities. However, when both price and latitude were
measured as continuous variables in the regression
model, moving from north to south the prices of a
24-case of beer (−$1.69 per 200 km [95% CI: −2.10 to
−1.28]; p < 0.0001) and 750-mL bottle of wine (-$0.35
per 200 km [95% CI: −0.45 to −0.25]; p < 0.0001)
both decreased (Table S10). Moving from west to east
the prices of a 24-case of beer (−$3.15 per 800 km;
95% CI: −3.59 to −2.71) and 750-mL of wine (−$0.59
per 800 km; 95% CI: −0.69 to −0.48) both decreased.
Table S9 presents comparisons between northern and
southern communities by province. Table S11 pre-
sents continuous regression models by latitude and
Table S12 presents continuous regression models by
longitude.

Restaurant assessments

Out of the 2074 communities, 72.3% contain a family
restaurant, as defined for our audits. Rural commu-
nities are more likely to have a restaurant within the
community boundary than urban communities
(79.0% vs. 71.1%). Canada-wide, 9.1% of restaurants
had at least 1 menu item that carried a major health
claim (Table 5). The most common was ‘low-calorie’
(11.5%), followed by ‘low-fat’ (7.0%), and ‘low-
sodium’ (4.9%). A total of 23.4% of restaurants had
nutrition information available, either on-site or via
web link, and 24.2% (including 24.6% of 224 restau-
rants audited before 17 June 2014, the end-date of the
program (Macdonald and Weeeks 2014)) had at least
1 item with the Heart and Stroke Foundation’s ‘health
check’. Only 4.4% of restaurants across the country
had a smoking section, all of which were in Quebec
(63 out of 383 restaurants; 16.5%).

Urban restaurants and rural restaurants are simi-
larly likely to provide at least 1 item with a major
health claim (12.4% vs. 12.9%), with no urban-rural
difference in the frequency of low-calorie items
(Table 5). Low-fat (7.8% vs. 3.3%) and low-sodium
(5.8% vs. 1.1%) items were observed more often in
urban than in rural restaurants. Urban restaurants are
also more likely to have nutrition information avail-
able than rural restaurants (24.6% vs. 17.8%). There is
no difference in the frequency of presence of smoking
sections between urban and rural restaurants in
Quebec.

Southern restaurants are also more likely to high-
light low-sodium, low-calorie, and low-fat options, and
more likely to have nutrition information available.
The odds of a restaurant offering at least one low-fat
option (OR = 0.88, 95% CI: 0.78 to 0.998; p = 0.047) or
a health-check item (OR = 0.90, 95% CI: 0.83 to 0.98;
p = 0.011) decrease with each 800 km moved fromTa
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west to east. The odds of a restaurant having nutri-
tional information available increase with each 800 km
moved from west to east (OR = 1.12, 95% CI: 1.04 to
1.21; p < 0.004) (Table S10, S11). There is no clear
evidence that moving from south to north results in a
difference in restaurant options. Table S10 presents
comparisons between northern and southern commu-
nities by province. Table S11 presents continuous
regression models by latitude and Table S12 presents
continuous regression models by longitude.

Reliability of audits

For 209 repeated audits, both audits agreed with
respect to the presence or absence of an auditable
store between 86.8% (grocery stores) and 91.6%
(tobacco store) of the time. The overall intra-rater
reliability of the audits (i.e. when the same auditor
surveyed the same location on two separate occasions
an average of 43 days apart) was 0.90 (0.88 to 0.92)
(0.92 for tobacco stores; 0.90 for grocery stores; 0.84
for alcohol stores; and 0.84 for restaurants). In addi-
tion, 64% of domains had excellent, 28% had fair to
good, and 11% had low intra-rater reliability. The
inter-rater reliability (i.e. when two different auditors
surveyed the same location on two separate occasions
an average of 290 days apart) was 0.43 (0.39 to 0.47)
with 11% of domains having excellent inter-rater
reliability; 36% fair to good; and 52% poor (Tables
S15 and S16). The most reliable items were those that
could be objectively counted or measured (e.g. pre-
sence or absence, number of advertisements or warn-
ings, and distances). The least reliable items were
those which could be truly expected to vary over
time (e.g. prices of fruits and vegetables, the number
of damaged fruits, restaurant menu items) or were
dependent on a shopkeeper’s response (e.g. number
of cigarette brands sold). A summary of feedback
provided by our auditors appears as Appendix 4
within the Supplementary material.

On-line map

The results of the CAHHM community audits are dis-
played as an on-line map, which is available at: http://
cvcdcontextual.mcmaster.ca for public use (Figures 3
and 4; for documentation, refer to the accompanying
paper). Here, interested users can view contextual fac-
tors assessments for any audited community (or postal
code), with the ability to compare with nearby commu-
nities, and with other communities in the province, and
country averages.

Discussion

The CAHHM cohort study seeks to understand the
individual and contextual origins of CVD risk andTa
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will aid in the design of effective policy and health
interventions aimed at reducing population levels of
risk factors in Canada. We objectively assessed multi-
ple domains of the built environment of >2000 neigh-
borhoods in Canada with a valid and reliable
instrument and identified several important differ-
ences across Canadian communities that have impor-
tant policy implications.

The main findings of our study are: i) provincial
and urban-rural differences exist in availability of
fruits and vegetables, and advertising differs between
provinces more so than between urban and rural
communities; ii) rural communities face higher food
prices, are subject to more seasonal variation in fruit
and vegetable selection, and generally see less promo-
tion of healthy restaurant options and availability of
nutritional information at restaurants than urban

communities; iii) in-store advertising for sweet drinks
and junk food are more frequent than in-store adver-
tisements for tobacco products; iv) cigarette prices are
lower and the variety of brands is greater in urban
than in rural tobacco stores; and are lowest in central
Canada, where there is both more in-store advertising
for cigarettes and signage prohibiting smoking in
stores; and v) alcohol prices are lowest in Quebec.

Consistency with previous research

Access to healthful and affordable food from neigh-
bourhood retail food sources support individuals’
ability to adopt a healthful diet (Kirkpatrick and
Tarasuk 2003, Afshin et al. 2017, Ferdinand et al.
2017, Pearson-Stuttard et al. 2017a, Li et al. 2018).
Our study finds several notable regional differences in
food availability and accessibility. On average, 25
fruits and 31 vegetables were available in grocery
stores. This is consistent with the findings of the
PURE study of other high-income countries using a
similar instrument, and higher than estimates from
upper-middle, lower-middle, and low-income coun-
tries (Miller et al. 2016). Like PURE, we found lower
availability of fruits and vegetables in rural commu-
nities (Miller et al. 2016). Urban areas were less sub-
ject to seasonal trends in variety than rural areas.
Despite this variation across geography, 9 varieties
of fruits and 11 varieties of vegetables were ubiqui-
tously available (approaching or exceeding 90%)
across seasons and locations. Availability tended to
vary most for fruits and vegetables that were less
commonly available overall (i.e. in <50% of stores).
Further, seasonal variation in availability may be

Figure 3. On-line map landing screen. We have created an
on-line, interactive map to display the community audits for
public use. For more information, please see the accompany-
ing paper (de Souza et al., xxx; http://cvcdcontextual.mcmas
ter.ca/).

Figure 4. On-line map comparison feature. Display of a comparison of cigarette prices between a selected FSA with nearby
communities. Darker shades represent the highest prices, lighter shades the lowest. White areas represent areas with no data
(i.e. no tobacco store in the community). For more information, please see the accompanying paper (de Souza et al., 2018).
http://cvcdcontextual.mcmaster.ca/.
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expected for items with defined growing seasons,
such as corn or strawberries.

The perception and relative importance of differ-
ent indicators of quality differs across countries and
fruit varieties. (Galmarini et al. 2013) The most com-
mon fruit quality problems cited in a previous study
conducted in Oman included ‘fruit immaturity’,
‘bruising’, ‘rot/decay’, and ‘bad taste’ (Opara et al.
2007). In this study, 40% of those surveyed were
willing to pay up to 25% more for good quality fruit
(Opara et al. 2007). However, slight imperfections in
the shapes of fruit and vegetables typically do not
influence their nutritional content or taste; thus offer-
ing ‘imperfect’ fruits and vegetables for sale at a
reduced price may reduce barriers to consumption.
(Willimot 2016) In our study, poor quality fruit was
seen in about 1 in 3 stores, and rural stores were no
more likely to have >3 types of fruits that appeared
damaged (our indicator of poor quality) than urban
stores (32.0% vs. 28.6%; p > 0.26).

Good local availability of fruits and vegetables
seem to be positively related to intake, although evi-
dence is limited. (Kamphuis et al. 2006) In a previous
study from Montreal, Canada (Mercille et al. 2012)
the percentage of stores that sold healthful foods (i.e.
grocery stores/supermarkets, fruit and vegetable
stores, and specialty food stores/all food stores
including convenience stores) was associated with
lower western (unhealthy) diet scores (standardized
β = −0.124; p < 0.01), but this did not hold after
adjustment for residential neighborhood characteris-
tics—income, language fluency, and education. In a
previous study in the same location, distributions of
healthful food stores were correlated with the socio-
demographic characteristics of the population in the
participants’ neighborhood (Mercille et al. 2013),
which underlies the complexity of linking food avail-
ability with consumption. Mediation analyses could
determine whether area-level composition might fully
or partially explain the relationship between the food
store environment and diet.

In PURE, increased costs of fruits and vegetables
relative to household income were associated with
reduced consumption (Miller et al. 2016). Higher
fruit, vegetable, and legume consumption was asso-
ciated with a lower risk of non-cardiovascular and
total mortality, with the greatest benefits seen for
both non-cardiovascular mortality and total mortal-
ity at 3–4 servings/d (375–500 g/d). (Miller et al.
2017) A large simulation study in the United states
finds that a 10% national fruit and vegetable subsidy
may result in up to 150,000 CVD deaths prevented
or postponed by 2030 (Pearson-Stuttard et al.
2017b); and a 30% price decrease would increase
fruits and vegetable consumption by 42% and pre-
vent or postpone up to 450,000 CVD deaths
(Pearson-Stuttard et al. 2017a).

Food prices were generally higher in eastern
Canada than in central Canada. This is consistent
with more rural communities existing in eastern
Canada. These findings reflect the 2016 consumer
price index of food (base 1986) which shows food is
4.9% higher than the Canadian average in eastern
provinces, 0.5% higher in central provinces, and
1.0% lower in western provinces. (Statistics Canada
2017) These differences likely reflect differences in the
underlying structure of the consumer markets
between provinces (e.g. household income levels),
government regulations that aim to protect local pro-
ducers (e.g. dairy farmers), the relatively smaller size
of the east coast markets, shipping/transportation
costs which vary according to distance and fuel
prices, the types and rates of grocery store expansions
across provinces, and global agricultural production.
Our finding that in addition to fruits and vegetables,
foods in general tended to be more expensive in rural
than in urban neighborhoods may translate into rural
households spending an additional $249 per year on
these food items compared with urban households.
We were unable to adjust this value for household
size, as these data were only available at the aggregate
level for the communities. It is reasonable to
hypothesize that lower access to and higher price of
healthy foods in rural regions is associated with lower
diet quality, which may contribute to the worse
health outcomes experienced in rural than urban
Canada. (Kondro 2006, Pong et al. 2009)

Urban restaurants are more likely to promote
healthy options and provide nutritional information
than rural restaurants. Few studies have directly mea-
sured the consumer nutrition environment within
food outlets. Most have been cross-sectional and
examined the number per capita, proximity, or den-
sity of food outlets indirectly identified through large
databases (Holsten 2009). In surveys, most restaurant
owners want their restaurant to be viewed as a place
where customers can find healthy options (Benson
1995, Macaskill et al. 2003). Nutrition care providers
often provide clients with strategies to improve food
choices when eating in restaurants, such as choosing
smaller portions or splitting entrees, declining higher
fat extras such as cheese or bacon, and selecting
broiled or baked meats instead of breaded or fried
versions. Whether increased availability and promo-
tion of healthier restaurant options results in desired
behavior changes is not established (Green et al.
1993, Fitzgerald et al. 2004, Chu et al. 2009).
However, differential availability of nutritional infor-
mation or promotion of healthy options may make
this advice harder to follow for rural than urban
clients.

Restaurant smoking sections are almost exclusively
seen in the province of Quebec. Smoking is prohib-
ited in restaurants and restaurant patios in Manitoba,
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Saskatchewan, Newfoundland and Labrador, Nova
Scotia, New Brunswick, British Columbia, and
Ontario (in some cities, smoking rooms are permitted
in restaurants), and allowed in special rooms or sec-
tions in Prince Edward Island (but food cannot be
served in these rooms) and Alberta (where those <18
years old are not permitted). In Quebec, smoking is
prohibited inside restaurants but was allowed on res-
taurant patios, through 26 May 2016, when all com-
mercial patios became smoke-free. Strong local
restaurant smoking regulations are associated with
reduced environmental tobacco smoke exposure
among youth (Siegel et al. 2004), and in the 25-year
follow-up of the Coronary Artery Risk Development
in Young Adults (CARDIA) study, smoking bans in
bars and restaurants were associated with reduced
rates of current smoking and smoking intensity, and
an increased likelihood of a quitting attempt. (Mayne
et al. 2018)

Our cigarette price per-pack data are consistent
with the findings of the non-smokers’ rights associa-
tion, which find carton prices lowest in the ‘urban’
provinces of Quebec, Ontario, Alberta, and BC; and
higher in ‘rural’ provinces Saskatchewan, Manitoba,
and the Maritime provinces (Smoking and Health
Action Foundation 2017). An International Agency
for Research on Cancer (IARC) report concluded that
there was a causal relationship between increasing
taxes and reducing tobacco use among adults and
young people and that such taxes have a larger
impact with lower income populations. However,
for most Canadians, especially those living in the
most populated provinces (e.g. Ontario and
Quebec), tobacco taxes are too low to impact smok-
ing behavior throughout the population, though
some groups (e.g. youth and low-income individuals)
may be more affected than others. (Azagba and
Sharaf 2011, Manivong et al. 2017) Tobacco advertis-
ing was rarely seen, as most provinces have banned
retail advertisements, but in Alberta, cigarette manu-
facturers are allowed to advertise in adult-only loca-
tions but cannot create ads that can be ‘construed’ as
appealing to youths. (International Tobacco Control
Policy Evaluation Project 2017) As of 1 July 2008,
Alberta implemented a tobacco display ban (or
‘power wall’) law requiring shop owners to keep
tobacco sales out of sight.

Lower alcohol prices in central Canada are largely
influenced by policy, as the province of Quebec levies
a lower provincial tax on alcohol (6.5%) compared
with Ontario (13%). Additional important differences
in alcohol distribution practices between provinces
likely affect prices. In Ontario, the Beer Store con-
ducts >80% of beer sales in the province (Morrow
2015); in Quebec, sales of specific types of alcoholic
beverages, including beer and wine, are through
depanneurs (convenience stores) and grocery stores.

Ontario has winery-owned wine stores, as well as
Liquor Control Board of Ontario (LCBO) locations.
In 2016, after our audits had been completed, beer,
cider, and wine were eligible to be sold in over 450
grocery stores in Ontario (Ministry of Finance 2017).
Differences in prices and accessibility may influence
consumption (Chaloupka et al. 2002, Jiang and
Livingston 2015, Sherk et al. 2018), particularly
among youth and young adults (Jiang and
Livingston 2015). Increases in the total price of alco-
hol can lower the frequency of diseases, injuries, and
deaths related to alcohol use and abuse; and reduce
alcohol-related violence and other crime (Chaloupka
et al. 2002).

Implications for policy and practice

The information gathered through our study can be
used to foster collaboration between public health and
built environment professionals, and legislators
around the common aim of improving community
health (Pilkington et al. 2008). Strategic environmental
assessments, sustainability appraisals, and health
impact assessments provide a new imperative for plan-
ners and public health professionals to work in colla-
boration. Planners have expertise in the use of these
tools, and public health professionals possess knowl-
edge of the wider determinants of health, health needs
assessment, setting objectives for health, and monitor-
ing and interpreting health information (Rao et al.
2007). Careful urban design can encourage sustainable
and health-promoting modes of travel, through pro-
viding safe routes to schools and work, or space for
community gardens. Examples of such collaborations
to bring regional public health and built environment
professionals together include the South West Public
Health Teaching Network (Bristol, UK), the Harlem
Children’s Zone Project (Harlem, U.S.A.), and the
AFOOT project (Germany) (Northridge et al. 2002,
Pilkington et al. 2008, Brüchert et al. 2017).

The Global Burden of Disease (GBD) study esti-
mates the total worldwide mortality currently attri-
butable to inadequate consumption of fruit and
vegetables at up to 2.6 million deaths per year.
Increasing individual fruit and vegetable consump-
tion to up to 600 g per day could reduce the total
worldwide burden of disease by 1.8%, and the burden
of ischaemic heart disease by 31% and ischaemic
stroke by 19%. (Lock et al. 2005) Policies that reduce
and stabilize the prices of fruits and vegetables across
rural and urban communities are likely to increase
purchase and consumption. Several examples in the
literature have shown that reducing the prices of
healthy foods is likely to increase consumption
(Afshin et al. 2017, Cobiac et al. 2017, Ferdinand et
al. 2017, Pearson-Stuttard et al. 2017a, Li et al. 2018).
When the primary grocery stores in four Kentucky
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counties (two rural, two urban) were surveyed over a
10-month period, more nutritious food items were
less expensive in urban areas. (Hardin-Fanning and
Rayens 2015) However, addressing the differences in
food prices and availability between urban and rural
communities in Canada requires a multi-factorial
solution that addresses several challenges, including
the lack of population density (i.e. less demand), and
greater isolation, longer distances to travel under
poor road conditions, a lack of storage and/or proces-
sing facilities. The influence of nutrition labeling and
calorie information in restaurants on purchasing
behavior will be an important area of future study.
There is limited evidence that menu labeling affects
calories purchased at fast-food restaurants, but some
evidence that it lowers calories purchased at certain
types of restaurants and in cafeteria settings (Bleich et
al. 2017).

There is consensus among public health experts
that reducing the influence of advertising is an
important step in reducing obesity, most specifically,
childhood obesity (Raine et al. 2013). While the pub-
lic health threat posed by tobacco is reflected in
stringently regulated tobacco advertising in Canada
(CBC News 2011, International Tobacco Control
Policy Evaluation Project 2017), an enforceable fed-
eral strategy for food advertising has been lacking in
Canada. Several jurisdictions have introduced legisla-
tion to ban or restrict the manner in which processed
foods can be advertised (Anonymous 2007, Oommen
and Anderson 2008, Monteiro 2009). These appear to
have had only a modest impact on marketing prac-
tices (Hawkes 2004). In 2017, Health Canada outlined
a new Healthy Eating Strategy to ‘support Canadians
to make healthier choices by improving the food
environment through several linked and complemen-
tary initiatives’; part of this strategy includes restrict-
ing marketing of unhealthy food and beverages to
children (Government of Canada 2017). The Heart
and Stroke Foundation of Canada has also recom-
mended restricting marketing of all foods and bev-
erages to children, and adopting a tax on beverages
high in free sugars (i.e. sugar-sweetened beverages)
(Heart & Stroke Foundation 2017).

In 2015, 11.5% of global deaths (6.4 million) were
attributable to smoking worldwide, 52.2% of which
were in four countries (China, India, the U.S., and
Russia). Smoking was among the five leading risk
factors by disability-adjusted life years (DALYs) in
109 countries and territories in 2015, rising from 88
geographies in 1990 (G. B. D. Tobacco Collaborators
2017). Higher prices of cigarettes are likely to be an
effective strategy to prevent new smokers and
increase cessation in existing smokers. Globally,
cigarette smokers are price-sensitive and seek out
measures to purchase less expensive cigarettes,

which may decrease future cessation efforts (Hyland
et al. 2005), and lower levels of attempting to quit
smoking were observed among purchasers of low-
priced (or untaxed) cigarettes compared to purcha-
sers of full-priced cigarettes (Hyland et al. 2006). In a
Canadian cohort of 51 high schools in 2004 and 2007,
higher cigarette prices were predictive of lower smok-
ing rates (Lovato et al. 2013).

Alcohol use is a leading risk factor for death and
disability but its overall association with health
remains complex given the possible protective effects
of moderate alcohol consumption on some condi-
tions. Globally, alcohol use was the seventh leading
risk factor for both deaths and DALYs in 2016,
accounting for 2.2% of female deaths and 6.8% of
male deaths, adjusted for age. Among those aged
15–49 years, alcohol use was the leading risk factor
globally: 3.8% of female deaths and 12.2% of male
deaths were attributable to alcohol use. In this age
group, female attributable DALYs were 2.3% and
male attributable DALYs were 8.9% (G. B. D.
Alcohol Collaborators 2018). Higher alcohol prices
may represent an effective strategy to deter teenage
and young adult drinking but this has not been rou-
tinely implemented (Chaloupka et al. 2002). Increases
in the purchase price of alcohol has been suggested as
an effective deterrent to drinking and driving and its
consequences among all age groups (Chaloupka et al.
1993), as well as a means to reduce violent incidents
on college campuses (Grossman and Markowitz
2001).

Our data may be linked with population-based
data on other exposures (e.g. eating patterns) and
outcomes (e.g. disease rates), which we plan to do
in future studies. Finally, we have partnered with The
Canadian Urban Environmental Health Research
Consortium (http://www.canue.ca) to help build
capacity to study how these multiple environmental
factors are linked to a wide range of health outcomes
(Brook et al. 2018). This work will enable effective,
evidence-based strategies for planning healthy cities
and towns, today and in the future.

Strengths and limitations

Strengths of our study include complete coverage of
over 2000 neighborhoods in Canada, the use of a stan-
dardized, multi-faceted, previously validated tool to
assess multiple domains of the contextual environment.
Limitations include the selection of a single retail loca-
tion or major chain grocery store to represent an entire
neighborhood, which may not be representative, espe-
cially in rural FSAs with larger areas, and variable access
to stores (e.g. local non-chain grocery stores or farmers'
markets may provide higher variety than chain stores,
and several of these may be present in a large FSA);
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lower instrument reliability than has previously been
reported (Chow et al. 2010); and failure to capture
several relevant contextual determinants of health,
such as traffic, pollution, walkability, or greenspace.
However, these may be obtained from other sources
(e.g. CANUE (Brook et al. 2018)) and ‘layered’ on top
of each community.

Conclusions

Key differences between urban and rural settings
and across provinces exist with respect to several
contextual determinants of health. Our study has
collected extensive data on contextual factors that
may influence chronic disease risk at the community
level, and these data should be considered jointly by
public health and built environment professionals,
and government officials to develop unified federal
and provincial strategies to reduce the burden of
chronic diseases across Canada.
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