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Abstract: An understanding of relationships between different constructs of the neighbourhood
environment and diet quality is needed to inform public health interventions. This study investigated
associations between material deprivation, social deprivation and population density with diet
quality in a cohort of 19,973 Canadian adults aged 35 to 69 years within the Atlantic PATH cohort
study. Diet quality, a metric of how well diet conforms to recommendations was determined
from a 24-item food frequency questionnaire. Neighbourhood environment data were derived
from dissemination area level Census data. Two deprivation indices were evaluated: material and
social deprivation, which reflect access to goods and amenities and social relationships. Multi-level
models were used to estimate relationships (mean differences and 95% CI) between neighbourhood
environment and diet quality, adjusting for covariates. Mean diet quality was lower in the most socially
deprived neighbourhoods compared to the least socially deprived: −0.56, 95% CI (−0.88, −0.25).
Relationships between diet quality and population density differed between urban and rural areas
(p-interaction < 0.0001). In rural areas, diet quality was higher in intermediate-density neighbourhoods:
0.54, 95% CI (0.05, 1.03). In urban areas, diet quality was lower in intermediate-density and
the most-dense neighbourhoods: −0.84, 95% CI (−1.28, −0.40) and −0.72, 95% CI (−1.20, −0.25).
Our findings suggest socially deprived and high-density neighbourhoods are associated with
lower diet quality and possible urban-rural differences in neighbourhood environment-diet quality
relationships. Additional studies are needed to determine the temporal nature of relationships and
whether differences in diet quality are meaningful.

Keywords: healthy eating; dietary patterns; food environment; Atlantic Partnership for Tomorrow’s
Health (Atlantic PATH)

1. Introduction

A healthy diet is a critical component of overall health, including achieving and maintaining
a healthy body weight and prevention of chronic diseases such as obesity, diabetes, cardiovascular
disease and cancer [1]. Although, definitions vary, generally a healthy dietary pattern includes a
variety of vegetables, fruits, grains, at least half of which are whole grains, fat-free or low-fat dairy,
a variety of protein foods, oils and limited saturated fats, trans fats, added sugars and sodium [2].
Over the past two decades, unhealthy dietary patterns-those with excess consumption of nutrient-poor
and energy-dense foods has increased, resulting in a global decline in diet quality [3].
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Dietary intake and food selection are highly personal behaviours influenced by sociodemographic,
lifestyle and health-related factors [4]. The neighbourhood environment where people live,
work and engage in recreation may also influence eating behaviour, as may the food environment,
which encompasses the accessibility and affordability of foods in the built environment [5]. Lower diet
quality has been shown to be associated with greater deprivation within a community [6–8]. For example,
poorer adherence to national Dietary Guidelines was observed in the most deprived areas relative
to the least deprived areas in an Australian study [7]. Studies in the United States reported that
high neighborhood socioeconomic status (SES) was associated with greater access to supermarkets,
less access to fast food restaurants and a healthier diet [9,10]. Conversely, several studies in Canada
reported increased availability of both healthy and unhealthy food retailers in more deprived areas
and no association between neighbourhood deprivation and diet quality [11–13].

Most studies have investigated relationships between diet and the neighbourhood environment
using broad definitions of the socioeconomic environment. However, the socioeconomic environment
is multi-faceted, reflecting single parenthood, education, marital status, unemployment rate,
rented private dwellings and the average value of dwellings. Given this, studies have conceptualized
deprivation as two independent dimensions: material and social, which may have unique relationships
with dietary intake. Material deprivation represents deprivation of goods and conveniences, such as
housing and cars, while social deprivation reflects deprivation of social networks, from family to
community [14]. The nuances of deprivation may not have been captured in prior studies as generally
they rely on material deprivation or do not consider the two dimensions individually [11,15–18].
Additional information on the relationship between diet and neighbourhood environment is critical
to informing strategies to support healthy eating and potentially, clarify inconsistent relationships
previously identified.

The aim of this study was to assess relationships between multiple indices of the neighbourhood
environment: material deprivation, social deprivation, population density with diet quality in a large
cohort of Canadian adults.

2. Materials and Methods

2.1. Study Sample

Participants were drawn from the Atlantic Partnership for Tomorrow’s Health (Atlantic PATH)
study, a cohort of 31,173 people aged 35 to 69 in Nova Scotia, New Brunswick, Prince Edward Island
and Newfoundland and Labrador between 2009 and 2015 [19]. Participants were enrolled between
2009 and 2015 as part of a larger pan-Canadian effort; the Canadian Partnership for Tomorrow’s Health
Project (CanPath, formerly the Canadian Partnership for Tomorrow Project) [20]. Details of recruitment
have been published previously [19].

Data for this study, was drawn from a prior study of dietary quality among cancer survivors
and those without cancer [21]. The analytical sample of 19,973 participants includes those with
complete information on diet quality, neighbourhood environment, census data for dissemination
areas (DAs) and income information from the voluntary NHS, as described previously [21]. The study
was reviewed and approved by the Behavioural Research Ethics Board at the University of British
Columbia (Certificate #H15-02854).

2.2. Dietary Intake

Participants reported their usual dietary intake using a short, semi-quantitative food frequency
questionnaire (FFQ) developed for the Atlantic PATH cohort. The FFQ was designed to capture
consumption reflecting the national dietary guidelines at the time of the study (Eating Well with
Canada’s Food Guide). The set of 24 questions assessed the daily intake of 60 food items or groups
including fruit and vegetables, grains, dairy products, meat and alternatives, snacks, desserts, non-diet
soft drinks, fats, sauces and salt in the prior 12 months. Participants were asked to indicate the
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number of servings they consumed in a typical day for four main food groups: fruits and vegetables,
grain products, dairy products and meat and alternatives. For other foods, participants were asked to
indicate the usual frequency of consumption using times per day, times per week, times per month or
rarely/never.

The Atlantic PATH diet quality score was developed following methods of the American and
Canadian Health Eating Index (HEI)s whose scoring schemes reflect national dietary guidelines and
population-based studies for disease prevention [22,23]. Intake of food from four food groups (fruits
and vegetables, grains, dairy products, meat and alternatives) are assigned a score ranging from 0 to
10. A score of 10 indicates meeting dietary guidelines for a given food group (e.g., ≥2 servings/day of
milk and dairy products for males and females aged ≤50 or ≥3 servings/day for males and females
aged >50). Intake of foods to consume in moderation (i.e., snacks, desserts and non-diet drinks) and
dietary behaviors are assigned a score of 1 for meeting or 0 for not meeting a given recommendation.
For example, the component ‘make at least half of grain products whole grain each day’ receives a score
of 1 if a participant’s ratio of whole grain to total grain product intake/day is ≥0.5. The components are
then summed to generate an overall diet quality score from 0 to 60. Higher scores indicate better diet
quality. The diet quality score has been shown to have content and construct validity and acceptable
internal reliability (Cronbach’s alpha 0.74) [21]. Additional details of the score derivation in the Atlantic
PATH have been previously published [24].

2.3. Neighbourhood Environment

Population density and area-level deprivation were calculated from the 2011 census and the
National Household Survey (NHS), using data at the DA level [25]. DAs are the smallest standard
geographic area for which Census data is disseminated in Canada. DAs contain between 400 to 700
persons and are composed of one or more adjacent dissemination block (an area equivalent to a city
block). Neighbourhood environment characteristics were linked to each individual by postal codes
using the Postal Code Conversion File Plus Version 6C (Statistics Canada, Ottawa, Ontario, Canada) [26].
Individuals living in the same DAs were assigned the same values of neighbourhood environment
characteristics. Population density for each DA was calculated by dividing the population count by the
land area, expressed in residents per km2. Area was classified as urban or rural (urbanicity), whereby
urban areas referred to any census metropolitan areas or census agglomerations with a core population
of at least 10,000 [26].

Socioeconomic deprivation was constructed using six indicators from the Census: proportion of
people without a high school diploma, average individual income, employment rate, proportion of
single-parent families, proportion of people living alone and proportion of people who were separated,
divorced or widowed [14,27,28]. Indicators were standardized to the age and sex structure of the
population aged 15 years or older in the Atlantic provinces in 2011 and normalized using Tukey’s
transformation. Principal component analysis was used to reduce the indicators into a smaller set of
variables and identify deprivation indices [29]. An orthogonal varimax rotation was used. Components
with an eigenvalue above one were retained. Marital status, the proportion of single-parent families and
the proportion of people living alone loaded on the first component (referred to as “social deprivation”),
while education, income and employment loaded on the second (referred to as “material deprivation”).
Factor scores for the two components were calculated as material and social deprivation indices for all
DAs in the Atlantic provinces (n = 4142). DAs were then categorized into tertiles based on material
deprivation and social deprivation.

2.4. Covariates

Potential covariates were obtained from the Atlantic PATH baseline questionnaire which included
age, sex, ethnicity, education, marital status, household income, smoking status, alcohol consumption,
physical activity, diagnosis of prevalent diabetes and myocardial infarction, urbanicity and province
of residence. Age was categorized into seven groups (35–39, 40–44, 45–49, 50–54, 55–59, 60–64 and
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65–69 years old). Ethnicity was dichotomized as white and non-white. Education level was categorized
as high school or lower, college level, university or higher. Marital status was dichotomized as
living with or without partners. Household income (Canadian dollars) was categorized as less than
$25,000, $25,000–49,999, $50,000–74,999, $75,000–150,000 and more than $150,000. Physical activity
was evaluated using the International Physical Activity Questionnaire (IPAQ) [30] and categorized
as low, moderate and high [31]. Former smokers were those who had smoked at least 100 cigarettes
during their lifetime but did not smoke within the past 30 days of the survey. Current smokers
were those who had smoked at least 100 cigarettes in their lifetime and smoked in the past 30 days,
either daily (regular smokers) or not daily (occasional smokers). All other participants were categorized
as non-smokers. Participants were classified as abstainers (never drinking alcohol), former (no alcohol
over the past 12 months), occasional (≤2–3 times/month), regular (≥once/week but ≤2–3 times/week)
and habitual drinkers (≥4–5 times/week). Self-reported diagnosis of diabetes and myocardial infarction
were recorded as “yes” or “no.”

2.5. Statistical Analysis

Multiple imputation was used to handle missing covariate data with the Multivariate Imputations
by Chained Equation (MICE) package in R [32]. Education, household income, marital status,
ethnicity, smoking status, alcohol consumption, physical activity, myocardial infarction and diabetes
were imputed. Age, sex, body mass index (BMI) calculated from self-reported height and
weight, self-perceived health and diet quality were included as auxiliary variables in the multiple
imputation [33]. A fully conditional specification (FCS) method was adopted to impute different
types of data using separate conditional distributions. Forty imputed datasets were created with 200
iterations were performed before reaching convergence [32]. The distributions of continuous variables
were examined using means, standard deviations, medians and ranges. Counts and frequencies were
calculated for categorical variables.

Mixed-effect models were conducted due to the nested data structure, in which individuals are
nested within forward sortation areas (FSAs). Because the number of participants was too few within
DAs, FSAs were selected, which are defined by the first three digits of the postal code, as the level
of clusters in the multi-level models to achieve sufficient sample sizes. In this study, the number of
participants within FSAs ranged from 1 to 534, with an average of 79. Linear mixed-effect models
(LMMs) were used to provide estimates of the association with diet quality as a continuous variable.
A random intercept was included in the models to consider the area-level variation in diet quality.
Assumptions of linearity in models were confirmed through residual plots that showed random
dispersion [34].

Potential confounders were assessed using backward elimination, including age, sex, household
income, education, marital status, ethnicity, smoking status, alcohol consumption, physical activity,
BMI, diabetes, myocardial infarction, social deprivation, material deprivation, population density,
urbanicity and province of residence. At each step, the least significant variable was removed
first until all variables in the model had a p-value < 0.20 [35]. The neighborhood characteristics,
material deprivation, social deprivation and population density were analyzed in tertiles as the primary
independent variables in separate models predicting diet quality. The least deprived and least dense
tertiles were the referent. Significant confounders identified with backward elimination included age,
sex, household income, education, ethnicity, smoking status, alcohol consumption, physical activity,
cancer, diabetes and province of residence, which were included in all models.

Individual SES (income and education) and urbanicity were examined as potential effect modifiers
of diet quality. All data analyses were performed in R version 3.4.2 (R Foundation for Statistical
Computing, Vienna, Austria) and significance level of 0.05 was used.
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3. Results

Participants’ demographic, socioeconomic, lifestyle, health-related and residential characteristics
are presented in Table 1. The sample had a higher percentage of females (69.1%) compared to males,
whites (93.2%) compared to non-whites and people living with partners (80.9%) compared to those
living without partners. Most participants had a high SES—over 50% earned an annual household
income greater than $75,000, while only around 5% had less than $24,999. There were 40.7% and 40.1%
of participants with a college degree and Bachelor’s degree or above, respectively. Most participants
had a healthy lifestyle with regard to smoking and physical activity. Fewer than 10% of participants
currently smoked cigarettes at the time of the survey, while 50.8% had never smoked and 39.3%
were former smokers. Approximately 50% and 30% reported high and moderate levels of physical
activity, respectively. Most participants were current drinkers at the time of the survey. The prevalence
of diabetes and myocardial infarction was 5.1% and 1.8% in the analytic sample. The majority of
participants (71.8%) were from urban areas.

Table 1. Characteristics of the analytic sample from the Atlantic PATH cohort.

Characteristics Analytic Sample

N = 19,973
N (%)

Age
35–39 years 2007 (10.1)
40–44 years 2369 (11.9)
45–49 years 3056 (15.3)
50–54 years 3549 (17.8)
55–59 years 3608 (18.1)
60–64 years 3322 (16.6)
65–69 years 2062 (10.3)

Sex
Female 13,797 (69.1)
Male 6176 (30.9)

Marital status
Living without partners 3816 (19.2)

Living with partners 16,115 (80.9)
Ethnicity

White 17,418 (93.2)
Non-white 1279 (6.84)

Income
$0–24,999 852 (4.52)

$25,000–49,999 3213 (17.1)
$50,000–74,999 3973 (21.1)

$75,000–149,999 8302 (44.1)
$>150,000 2495 (13.3)

Education (completed)
≤High school 3836 (19.3)

College 8095 (40.7)
≥Bachelor’s degree 7975 (40.1)

Smoking status ‡

Non-smoker 10,067 (50.8)
Former 7775 (39.3)

Occasional 500 (2.52)
Regular 1460 (7.37)

Alcohol consumption §

Abstainer 830 (4.18)
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Table 1. Cont.

Characteristics Analytic Sample

Former 1332 (6.71)
Occasional 8279 (41.7)

Regular 6254 (31.5)
Habitual 3170 (16.0)

Physical activity
Low 3979 (20.8)

Moderate 5876 (30.7)
High 9296 (48.5)
BMI

Normal 3994 (30.9)
Underweight 77 (0.60)
Overweight 4922 (38.0)

Obese 3947 (30.5)
Diabetes

Yes 998 (5.05)
No 18,781 (5.0)

Myocardial infarction
Yes 353 (1.78)
No 19,489 (98.2)

Urbanicity
Urban 14,347 (71.8)
Rural 5626 (28.2)

Province
Newfoundland/Labrador 2512 (12.6)

Prince Edward Island 377 (1.89)
Nova Scotia 12,571 (62.9)

New Brunswick 4513 (22.6)
‡ Non-smoker: has never smoked, former: has smoked at least 100 cigarettes before but not within the past 30 days,
occasional: smoked at least once within the past 30 days but not daily, regular: smoked daily. All other participants
were categorized as non-smokers. § Abstainer: has never drunk alcohol, former: has drunk alcohol before but not
over the past 12 months, occasional: drank ≤2–3 times/month over the past 12 months, regular: drank ≥ once/week
but ≤2–3 times/week, habitual drinkers: drank ≥4–5 times/week. PATH: Partnership for Tomorrow’s Health, BMI:
body mass index.

The mean diet quality of all participants was 38.8 out of 60 (SD 8.65), suggesting modest adherence
with dietary recommendations. With respect to the individual diet quality components, the highest
score, representing greater adherence to serving recommendations was meat and alternatives (mean:
8.95 out of 10), while the lowest score was grain products (mean: 4.32 out of 10). The majority of
participants consumed more whole fruit and vegetables than juice (94.0%), drank low-fat milk or
milk alternatives (85.2%) and 81.5% reported at least half of grain products consumed were whole
grains. Mean diet quality ranged from a low of 38.3 (SD 8.86) and 38.3 (SD 8.97) in the most materially
deprived environment and most socially deprived environment to a high of 39.2 (SD 8.39) in the least
socially deprived neighbourhood (Table 2).

Nearly half of participants (n = 9076, 45.4%) were from the least materially deprived areas in the
Atlantic provinces, while 4532 (22.7%) were from the most materially deprived areas.

With respect to social deprivation, 36.5% were from the least socially deprived, 30.5% from the
most deprived and 33.0% from areas with an intermediate level of social deprivation. In addition,
7822 (39.2%) participants were from densely populated areas and 5519 (27.6%) were from the least
dense areas.
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Table 2. Percentage of participants with high diet quality and mean diet quality scores by categories of
neighbourhood environment.

Overall Analytic Sample Diet Quality Score

N = 19,973 N = 19,973

N (%) Mean SD
Material

Deprivation
Least deprived 9076 (45.4) 39.1 8.55
Intermediate 6365 (31.9) 38.7 8.62

Most deprived 4532 (22.7) 38.3 8.86
Social Deprivation

Least deprived 7287 (36.5) 39.2 8.39
Intermediate 6590 (33.0) 38.8 8.61

Most deprived 6096 (30.5) 38.3 8.97
Population Density

Least dense 5519 (27.6) 39.0 8.42
Intermediate 6632 (33.2) 38.9 8.68
Most dense 7822 (39.2) 38.5 8.78

SD: standard deviation.

3.1. Relationships between Material Deprivation and Diet Quality

Compared to residents of the least materially deprived areas, those living in areas with intermediate
and the highest level of material deprivation had lower mean diet quality: mean difference −0.60 (95%
CI: −0.90, −0.30) and −0.85 (95% CI: −1.20, −0.49), respectively (Table 3).

Table 3. Mean difference in diet quality (95% CI) of participants living in more materially-deprived areas
versus least deprived areas, results from unadjusted and adjusted linear mixed-effect models (LMMs).

Unadjusted Adjusted †

Material Deprivation

Least deprived reference reference
Intermediate −0.60 (−0.90, −0.30) * −0.25 (−0.54, 0.05)

Most deprived −0.85 (−1.20, −0.49) * −0.15 (−0.51, 0.21)

* p < 0.05, † Adjusted for age, sex, household income, education, ethnicity, alcohol consumption, physical activity,
cancer, diabetes, population density, social deprivation, urbanicity, province of residence.

However, no significant association was found between material deprivation and diet
quality, after adjustment for individual sociodemographic factors, lifestyle behaviors, health-related
characteristics, social deprivation, population density, urbanicity and province of residence.

3.2. Relationships between Social Deprivation and Diet Quality

Compared to the least socially deprived areas, there was a decreasing trend in the mean diet quality
of people living in areas with intermediate and the highest level of social deprivation (intermediate
deprivation: −0.41, 95% CI: −0.71, −0.11; most deprived: −0.87, 95% CI: −1.20, −0.54) (Table 4).

After adjusting for individual-level confounders as well as urbanicity and province of residence,
the highest level of social deprivation remained significantly and inversely associated with high diet
quality: −0.56 (95% CI: −0.88, −0.25). Individual SES (income and education) and urbanicity did not
modify associations.
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Table 4. Mean difference in diet quality score (95% CI) of participants living in more socially-deprived
areas versus least deprived areas, in unadjusted and adjusted LMMs.

Unadjusted Adjusted †

Social Deprivation

Least deprived reference reference
Intermediate −0.41 (−0.71, −0.11) * −0.28 (−0.57, 0.01)

Most deprived −0.87 (−1.20, −0.54) * −0.56 (−0.88, −0.25) *

* p < 0.05, † Adjusted for age, sex, household income, education, marital status, ethnicity, alcohol consumption,
physical activity, cancer, diabetes, urbanicity and province of residence.

3.3. Relationships between Population Density and Diet Quality

Differences in mean diet quality scores did not reach significance across areas of different population
density in unadjusted models (Table 5). After adjusting for individual-level sociodemographic,
lifestyle and health-related factors as well as social deprivation and province of residence, people living
in the most densely populated areas had lower mean diet quality by 0.39 units (95% CI: −0.77, −0.01)
than people living in the least dense areas.

Table 5. Mean difference in the diet quality score (95% CI) of participants living in more densely
populated areas versus the least populated areas, results from unadjusted and adjusted LMMs.

Unadjusted Adjusted †

Population Density

Least dense reference reference
Intermediate −0.24 (−0.58, 0.09) −0.28 (−0.60, 0.04)
Most dense −0.31 (−0.69, 0.07) −0.39 (−0.77, −0.01) *

* p < 0.05, † Adjusted for age, sex, household income, education, marital status, ethnicity, smoking status,
alcohol consumption, physical activity, cancer, diabetes, social deprivation, province of residence.

Differences in diet quality by population density were more evident in urban areas than in rural
areas (Table 6). In urban areas, living in the densest areas was associated with a lower mean diet
quality by 0.72 units (95% CI: −1.20, −0.25). In contrast, in rural areas, higher population density was
associated with better diet quality. Compared to those in the least dense population, mean diet quality
was higher by 0.54 (95% CI: 0.05, 1.03) in areas of intermediate population density but no difference
was observed for those in the most dense areas.

Table 6. Mean difference in diet quality (95% CIs) among participants living in more densely populated
areas versus the least populated areas, results from adjusted LMMs stratified by urbanicity.

Urbanicity Population Density Mean Difference in Diet Quality (95% CI) † pinteraction
§

Urban Least dense reference <0.001
Intermediate −0.84 (−1.28, −0.40) *
Most dense −0.72 (−1.20, −0.25) *

Rural Least dense reference
Intermediate 0.54 (0.05, 1.03) *
Most dense −0.18 (−0.95, 0.58)

* p < 0.05, † LMM adjusted for age, sex, household income, highest education, marital status, ethnicity, smoking,
alcohol consumption, physical activity, diabetes, cancer, diabetes, social deprivation, urbanicity, province of
residence; § p-value for the interaction between population density and urbanicity in the adjusted LMM.

4. Discussion

Findings from this large study of Atlantic Canadians suggest that people who live in neighborhood
environments characterized by greater material deprivation, social deprivation and population density
may have lower diet quality. Some relationships, such as those with material deprivation were
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attenuated with adjustment for individual-level SES, sociodemographic and health related factors.
The findings also suggest possible differences in the association between diet quality and population
density between urban and rural neighborhoods. In urban areas, diet quality was lower in the most
densely populated neighborhoods, whereas in rural areas, diet quality was lower in the least densely
populated neighborhoods. However, while statistically significant, it is unclear whether these small
differences in diet quality are meaningful in terms of health. A difference in diet quality of 0.72 (i.e.,
the least dense and most dense urban populations) can be equated to an additional 4.5 servings of
fruits/vegetables per week. While this aligns with public health guidance to ‘start small’ [36], the impact
on overall health is unclear. Parallels, however, can be drawn from dose response studies which suggest
benefits of for increments of even one serving of fruit and/or vegetables per day [37,38]. For instance, a
meta-analysis of 16 prospective cohorts reported a pooled hazard ratio for all-cause mortality of 0.95
(95% CI 0.92, 0.98) and cardiovascular mortality (hazard ratio 0.96, 95% CI 0.92, 0.99) for increments of
one serving/day of fruit and vegetables [38].

Evidence on neighborhood deprivation and dietary intake is inconsistent; some studies have
indicated lower diet quality in more deprived areas while others suggested no association [7,8,13].
Two large-scale Australian studies, one of which was based on a nationally representative sample,
showed that people living in more deprived areas had poorer adherence to the Australian dietary
guidelines [7,8]. A previous study in Alberta, Canada, however, showed no significant association
between neighborhood deprivation and a HEI derived from Canadian dietary guidelines, with and
without adjustment for individual-level SES and food environment [13]. A systematic review of
associations between health behaviors and neighborhood deprivation found no clear results in
regard to fruit and vegetable consumption, likely due to heterogeneous definitions of neighborhood
deprivation [39].

Differences between our findings and prior studies could reflect heterogeneity in study methods
in terms of statistical adjustment, definitions of neighborhood deprivation and dietary assessment or
between study geographical differences. For example, Backholer et al. [7] reported that individual-level
education had a larger effect on diet quality than area-level deprivation [7,8]. Lack of consideration for
possible confounders in prior studies also may have obscured true relationships. Differences in the
definition of neighborhood deprivation make it difficult to compare results. The majority of studies use
a composite score, which is mainly based on education, income and employment [7,8,13,39], versus the
definition used herein which considers relationships with material and social deprivation separately.

The modifying effect of urbanicity on population density and diet quality but not social or
material deprivation is intriguing. As outlined above, there are few studies to draw comparisons
to and ecological perspectives on dietary intake in Canada, which has unique individual, social,
environmental and public policies are even fewer [40]. Parallels can be drawn to the SPOTLIGHT
study which was conducted in five urban European regions [41]. They reported that residents in
neighborhoods with a low residential density and median income had lower vegetable consumption
compared to residents in neighborhoods with high residential density and median income. We did not
have access to information on food outlets such as fast-food outlets, convenience stores or grocery
stores within neighborhoods, which may have provided important insight into urban/rural differences.
A study in Nova Scotia (where ~64% of our population resided) reported higher prevalence of fast
food outlets in urban areas [42]. It is therefore possible that densely populated urban areas in our
study had greater access to fast food or non-nutritious food (food swamps) while less dense rural
areas may represent food deserts; areas with poor access to nutritious food [40]. Incorporation of
data on food outlets into future studies of structural environments and dietary intake would help to
provide context to findings. It is also important to describe the geographical region of the Atlantic
Provinces to provide context to our findings and details which will help future studies determine
if our findings are applicable to them. In 2012, the total population of the Atlantic Provinces was
~2.3 million [43]. We applied Canadian Census criteria to define urban areas (populations exceeding
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10,000), of which there are 20 in the Atlantic Provinces, with the largest metropolitan area (Halifax)
comprising ~400,000 people.

A strength of this study is the large sample of participants from diverse neighborhoods in all
Atlantic provinces, which increases the generalizability of findings to this region. The statistical
models, which considered the potential geographical clustering of observations is also a strength.
A further strength was consideration of diet quality; how well an individual follows Canadian dietary
recommendations, versus focusing on single foods (e.g., fruits and vegetables) which may be more
reflective of overall health. However, comparability with other studies is limited by the diet assessment
tool which was developed specifically for the Atlantic PATH cohort. Future research which draws on
more widely used diet quality measures such as the HEI [23] would facilitate comparisons, although such
an undertaking which requires a more in depth dietary tool(s) in a large population like the Atlantic
PATH would be substantial. There are also inherent errors (e.g., underreporting) in self-report intake
assessments that may have biased our results toward the null. Although, measurement of diet
components have less error than estimates of absolute energy intake [44], which we did not consider
in our study. The cross-sectional study design makes it difficult to infer temporal relationships and
causality and the use of DAs to estimate neighborhoods. This approach may not capture where people
engage in daily activities (e.g., work, school, recreation) which may also influence dietary behavior.
The methodology used to measure material and social deprivation has strengths and limitations.
The Pampalon index, was based on Townsend’s widely accepted definition of deprivation [14] and
has been widely used to monitor social inequalities in Canada [45,46]. Conversely, the 2011 NHS was
used as one of the sources to determine neighborhood deprivation [47]. The NHS is voluntary and
non-response may be more likely among people with lower or higher household income. However,
the NHS was the most representative source available during the study period.

5. Conclusions

Diet quality was low overall in this large population of adults in Atlantic Canada, providing
evidence of the broad need for public health interventions to improve healthy eating. Neighborhoods
characterized by higher levels of social deprivation and material deprivation may be particularly in
need of effective and sustainable solutions to improve dietary intake. The findings also highlight the
importance of considering potential urban/rural differences when studying relationships between
the built environment and dietary intake. However, more research is needed to address gaps and
inconsistencies in the literature. A deeper understanding of mechanisms underlying associations
between neighborhood characteristics and diet quality is also needed to inform public health approaches
to mitigate diet and health inequity.

Author Contributions: Conceptualization, R.A.M., Q.G., Methodology, R.A.M., Q.G., J.J.S., Formal Analysis, Q.G.,
Writing—Original Draft Preparation, R.A.M., Q.G., K.G., Writing—Review & Editing, T.J.B.D., J.J.S., Funding
Acquisition, T.J.B.D. All authors have read and agreed to the published version of the manuscript.

Funding: Murphy’s time was funded by the Canadian Cancer Society (grant #704735) and the Michael Smith
Foundation for Health Research (grant #17644). The data used in this research were made available by the Atlantic
Partnership for Tomorrow’s Health (Atlantic PATH) study, which is the Atlantic Canada regional component
of the Canadian Partnership for Tomorrow Project funded by the Canadian Partnership against Cancer and
Health Canada.

Acknowledgments: We acknowledge the support of all participants in the Atlantic PATH study who donated
their time, personal health history and biological samples to this project. We also thank the Atlantic PATH team
members for data collection and management.

Conflicts of Interest: R.A.M. is a consultant to Pharmavite L.L.C. All other authors report no conflict of interest.

References

1. Willett, W.; Skerrett, P.J. Eat, Drink, and Be Healthy: The Harvard Medical School Guide to Healthy Eating; Simon
and Schuster: New York, NY, USA, 2017; 432p.



Nutrients 2020, 12, 3217 11 of 13

2. Dietary Guidelines Advisory Committee. Scientific Report of the 2015 Dietary Guidelines Advisory
Committee: Advisory Report to the Secretary of Health and Human Services and the Secretary of
Agriculture. U.S. Department of Agriculture, Agricultural Research Service: Washington, DC, USA,
2015. Available online: https://health.gov/sites/default/files/2019-09/Scientific-Report-of-the-2015-Dietary-
Guidelines-Advisory-Committee.pdf (accessed on 2 July 2018).

3. Imamura, F.; Micha, R.; Khatibzadeh, S.; Fahimi, S.; Shi, P.; Powles, J.; Mozaffarian, D. Dietary quality among
men and women in 187 countries in 1990 and 2010: A systematic assessment. Lancet Glob. Health 2015, 3,
e132–e142. [CrossRef]

4. McLeroy, K.R.; Bibeau, D.; Steckler, A.; Glanz, K. An ecological perspective on health promotion programs.
Health Educ. Q. 1988, 15, 351–377. [CrossRef] [PubMed]

5. Caspi, C.E.; Sorensen, G.; Subramanian, S.V.; Kawachi, I. The local food environment and diet: A systematic
review. Health Place 2012, 18, 1172–1187. [CrossRef] [PubMed]

6. Grech, A.; Sui, Z.; Siu, H.Y.; Zheng, M.; Allman-Farinelli, M.; Rangan, A. Socio-Demographic Determinants
of Diet Quality in Australian Adults Using the Validated Healthy Eating Index for Australian Adults
(HEIFA-2013). Healthcare 2017, 5, 7. [CrossRef] [PubMed]

7. Backholer, K.; Spencer, E.; Gearon, E.; Magliano, D.J.; McNaughton, S.A.; Shaw, J.E.; Peeters, A. The association
between socio-economic position and diet quality in Australian adults. Public Health Nutr. 2016, 19, 477–485.
[CrossRef]

8. Livingstone, K.M.; Olstad, D.L.; Leech, R.M.; Ball, K.; Meertens, B.; Potter, J.; Cleanthous, X.; Reynolds, R.;
McNaughton, S.A. Socioeconomic inequities in diet quality and nutrient intakes among Australian adults:
Findings from a nationally representative cross-sectional study. Nutrients 2017, 9, 1092. [CrossRef]

9. Gordon, C.; Purciel-Hill, M.; Ghai, N.R.; Kaufman, L.; Graham, R.; Van Wye, G. Measuring food deserts in
New York City’s low-income neighborhoods. Health Place 2011, 17, 696–700. [CrossRef]

10. Dubowitz, T.; Heron, M.; Bird, C.E.; Lurie, N.; Finch, B.K.; Basurto-Dávila, R.; Hale, L.; Escarce, J.J.
Neighborhood socioeconomic status and fruit and vegetable intake among Whites, Blacks, and
Mexican-Americans in the United States. Am. J. Clin. Nutr. 2008, 87, 1883–1891. [CrossRef]

11. Smoyer-Tomic, K.E.; Spence, J.C.; Raine, K.D.; Amrhein, C.; Cameron, N.; Yasenovskiy, V.; Cutumisu, N.;
Hemphill, E.; Healy, J. The association between neighborhood socioeconomic status and exposure to
supermarkets and fast food outlets. Health Place 2008, 14, 740–754. [CrossRef]

12. Polsky, J.Y.; Moineddin, R.; Glazier, R.H.; Dunn, J.R.; Booth, G.L. Foodscapes of southern Ontario:
Neighbourhood deprivation and access to healthy and unhealthy food retail. Can. J. Public Health
2014, 105, e369–e375. [CrossRef]

13. McInerney, M.; Csizmadi, I.; Friedenreich, C.M.; Uribe, F.A.; Nettel-Aguirre, A.; McLaren, L.; Potestio, M.;
Sandalack, B.; McCormack, G.R. Associations between the neighbourhood food environment, neighbourhood
socioeconomic status, and diet quality: An observational study. BMC Public Health 2016, 16, 984. [CrossRef]
[PubMed]

14. Pampalon, R.; Hamel, D.; Gamache, P.; Philibert, M.D.; Raymond, G.; Simpson, A. An area-based material
and social deprivation index for public health in Québec and Canada. Can. J. Public Health Rev. Can.
Santee Publique 2012, 103, S17–S22. [CrossRef]

15. Apparicio, P.; Cloutier, M.-S.; Shearmur, R. The case of Montréal’s missing food deserts: Evaluation of
accessibility to food supermarkets. Int. J. Health Geogr. 2007, 6, 4. [CrossRef] [PubMed]

16. Black, J.L.; Carpiano, R.M.; Fleming, S.; Lauster, N. Exploring the distribution of food stores in British
Columbia: Associations with neighbourhood socio-demographic factors and urban form. Health Place 2011,
17, 961–970. [CrossRef]

17. Mercille, G.; Richard, L.; Gauvin, L.; Kestens, Y.; Payette, H.; Daniel, M. Comparison of two indices of
availability of fruits/vegetable and fast food outlets. J. Urban Health 2013, 90, 240–245. [CrossRef] [PubMed]

18. Larsen, K.; Gilliland, J. Mapping the evolution of “food deserts” in a Canadian city: Supermarket accessibility
in London, Ontario, 1961–2005. Int. J. Health Geogr. 2008, 7, 16. [CrossRef]

19. Sweeney, E.; Cui, Y.; DeClercq, V.; Devichand, P.; Forbes, C.; Grandy, S.; Hicks, J.M.T.; Keats, M.; Parker, L.;
Thompson, D.; et al. Cohort Profile: The Atlantic Partnership for Tomorrow’s Health (Atlantic PATH) Study.
Int. J. Epidemiol. 2017, 46, 1762–1763i. [CrossRef]

https://health.gov/sites/default/files/2019-09/Scientific-Report-of-the-2015-Dietary-Guidelines-Advisory-Committee.pdf
https://health.gov/sites/default/files/2019-09/Scientific-Report-of-the-2015-Dietary-Guidelines-Advisory-Committee.pdf
http://dx.doi.org/10.1016/S2214-109X(14)70381-X
http://dx.doi.org/10.1177/109019818801500401
http://www.ncbi.nlm.nih.gov/pubmed/3068205
http://dx.doi.org/10.1016/j.healthplace.2012.05.006
http://www.ncbi.nlm.nih.gov/pubmed/22717379
http://dx.doi.org/10.3390/healthcare5010007
http://www.ncbi.nlm.nih.gov/pubmed/28165394
http://dx.doi.org/10.1017/S1368980015001470
http://dx.doi.org/10.3390/nu9101092
http://dx.doi.org/10.1016/j.healthplace.2010.12.012
http://dx.doi.org/10.1093/ajcn/87.6.1883
http://dx.doi.org/10.1016/j.healthplace.2007.12.001
http://dx.doi.org/10.17269/cjph.105.4541
http://dx.doi.org/10.1186/s12889-016-3631-7
http://www.ncbi.nlm.nih.gov/pubmed/27633380
http://dx.doi.org/10.1007/BF03403824
http://dx.doi.org/10.1186/1476-072X-6-4
http://www.ncbi.nlm.nih.gov/pubmed/17295912
http://dx.doi.org/10.1016/j.healthplace.2011.04.002
http://dx.doi.org/10.1007/s11524-012-9722-6
http://www.ncbi.nlm.nih.gov/pubmed/22736278
http://dx.doi.org/10.1186/1476-072X-7-16
http://dx.doi.org/10.1093/ije/dyx124


Nutrients 2020, 12, 3217 12 of 13

20. Dummer, T.J.B.; Awadalla, P.; Boileau, C.; Craig, C.; Fortier, I.; Goel, V.; Hicks, J.M.; Jacquemont, S.;
Knoppers, B.M.; Le, N.; et al. The Canadian Partnership for Tomorrow Project: A pan-Canadian platform for
research on chronic disease prevention. Can. Med. Assoc. J. 2018, 190, E710–E717. [CrossRef]

21. Gu, Q.; Dummer, T.B.J.; Spinelli, J.J.; Murphy, R.A. Diet Quality among Cancer Survivors and Participants
without Cancer: A Population-Based, Cross-Sectional Study in the Atlantic Partnership for Tomorrow’s
Health Project. Nutrients 2019, 11, 3027. [CrossRef]

22. Jessri, M.; Ng, A.P.; L’Abbé, M.R. Adapting the Healthy Eating Index 2010 for the Canadian Population:
Evidence from the Canadian National Nutrition Survey. Nutrients 2017, 9, 910. [CrossRef]

23. Krebs-Smith, S.M.; Pannucci, T.E.; Subar, A.F.; Kirkpatrick, S.I.; Lerman, J.L.; Tooze, J.A.; Wilson, M.M.;
Reedy, J. Update of the Healthy Eating Index: HEI-2015. J. Acad. Nutr. Diet. 2018, 118, 1591–1602. [CrossRef]
[PubMed]

24. DeClercq, V.; Cui, Y.; Forbes, C.; Grandy, S.A.; Keats, M.; Parker, L.; Sweeney, E.; Yu, Z.M.; Dummer, T.J.B.
Association between Diet Quality and Adiposity in the Atlantic PATH Cohort. Nutrients 2017, 9, 1155.
[CrossRef] [PubMed]

25. NHS Profile, 2011-About the Data. Available online: https://www12.statcan.gc.ca/nhs-enm/2011/dp-pd/prof/
help-aide/aboutdata-aproposdonnees.cfm?Lang=E (accessed on 2 April 2018).

26. Statistics Canada. Postal Code Conversion File Plus (PCCF+) Version 6C, August 2015 Postal Codes. 2016.
Available online: http://hdl.handle.net/11272/10350 (accessed on 22 June 2018).

27. Pampalon, R.; Raymond, G. A deprivation index for health and welfare planning in Quebec. Chronic Dis.
Can. 2000, 21, 104–113.

28. Pampalon, R.; Gamache, P.; Hamel, D. Institut National de Santé Publique du Québec. The Québec Index of
Material and Social Deprivation: Methodological Follow-Up, 1991 through 2006. Sainte-Foy, Que.: Institut
National de Santé Publique du Québec. 2011. Available online: http://www.deslibris.ca/ID/229931 (accessed
on 1 March 2018).

29. Abdi, H.; Williams, L.J. Principal component analysis. WIREs Comput. Stat. 2010, 2, 433–459. [CrossRef]
30. Craig, C.L.; Marshall, A.L.; Sjöström, M.; Bauman, A.E.; Booth, M.L.; Ainsworth, B.E.; Pratt, M.; Ekelund, U.;

Yngve, A.; Sallis, J.F.; et al. International Physical Activity Questionnaire: 12-country reliability and validity.
Med. Sci. Sports Exerc. 2003, 35, 1381–1395. [CrossRef]

31. IPAQ. Scoring Protocol—International Physical Activity Questionnaire. Available online: https://sites.google.
com/site/theipaq/scoring-protocol (accessed on 30 March 2017).

32. Van Buuren, S.; Groothuis-Oudshoorn, K. Mice: Multivariate Imputation by Chained Equations in R. J. Stat.
Softw. 2011, 45. [CrossRef]

33. Graham, J.W. Missing Data: Analysis and Design; Statistics for Social and Behavioral Sciences; Springer: New
York, NY, USA, 2012; Available online: https://www.springer.com/gp/book/9781461440178 (accessed on 20
March 2017).

34. Hox, J.J. Multilevel Analysis: Techniques and Applications; Quantitative Methodology Series; Lawrence Erlbaum
Associates: Mahwah, NJ, USA, 2002; 304p.

35. Budtz-Jørgensen, E.; Keiding, N.; Grandjean, P.; Weihe, P. Confounder selection in environmental
epidemiology: Assessment of health effects of prenatal mercury exposure. Ann. Epidemiol. 2007, 17,
27–35. [CrossRef]

36. Canadian Cancer Society, Prevention & Screening. Cited 19 May 2020. Available online: https://www.
cancer.ca/en/prevention-and-screening/reduce-cancer-risk/make-healthy-choices/?region=qc (accessed on
19 May 2017).

37. Bellavia, A.; Larsson, S.C.; Bottai, M.; Wolk, A.; Orsini, N. Fruit and vegetable consumption and all-cause
mortality: A dose-response analysis. Am. J. Clin. Nutr. 2013, 98, 454–459. [CrossRef] [PubMed]

38. Wang, X.; Ouyang, Y.; Liu, J.; Zhu, M.; Zhao, G.; Bao, W.; Hu, F.B. Fruit and vegetable consumption
and mortality from all causes, cardiovascular disease, and cancer: Systematic review and dose-response
meta-analysis of prospective cohort studies. BMJ 2014, 349, g4490. [CrossRef]

39. Algren, M.H.; Bak, C.K.; Berg-Beckhoff, G.; Andersen, P.T. Health-risk behaviour in deprived neighbourhoods
compared with non-deprived neighbourhoods: A systematic literature review of quantitative observational
studies. PLoS ONE Electron. Resour. 2015, 10, e0139297. [CrossRef]

40. Measuring the Food Environment in Canada. 2013. Available online: https://opha.on.ca/Resource-
Documents/measuring-food-environment-canada.aspx?ext=.pdf (accessed on 20 May 2017).

http://dx.doi.org/10.1503/cmaj.170292
http://dx.doi.org/10.3390/nu11123027
http://dx.doi.org/10.3390/nu9080910
http://dx.doi.org/10.1016/j.jand.2018.05.021
http://www.ncbi.nlm.nih.gov/pubmed/30146071
http://dx.doi.org/10.3390/nu9101155
http://www.ncbi.nlm.nih.gov/pubmed/29065471
https://www12.statcan.gc.ca/nhs-enm/2011/dp-pd/prof/help-aide/aboutdata-aproposdonnees.cfm?Lang=E
https://www12.statcan.gc.ca/nhs-enm/2011/dp-pd/prof/help-aide/aboutdata-aproposdonnees.cfm?Lang=E
http://hdl.handle.net/11272/10350
http://www.deslibris.ca/ID/229931
http://dx.doi.org/10.1002/wics.101
http://dx.doi.org/10.1249/01.MSS.0000078924.61453.FB
https://sites.google.com/site/theipaq/scoring-protocol
https://sites.google.com/site/theipaq/scoring-protocol
http://dx.doi.org/10.18637/jss.v045.i03
https://www.springer.com/gp/book/9781461440178
http://dx.doi.org/10.1016/j.annepidem.2006.05.007
https://www.cancer.ca/en/prevention-and-screening/reduce-cancer-risk/make-healthy-choices/?region=qc
https://www.cancer.ca/en/prevention-and-screening/reduce-cancer-risk/make-healthy-choices/?region=qc
http://dx.doi.org/10.3945/ajcn.112.056119
http://www.ncbi.nlm.nih.gov/pubmed/23803880
http://dx.doi.org/10.1136/bmj.g4490
http://dx.doi.org/10.1371/journal.pone.0139297
https://opha.on.ca/Resource-Documents/measuring-food-environment-canada.aspx?ext=.pdf
https://opha.on.ca/Resource-Documents/measuring-food-environment-canada.aspx?ext=.pdf


Nutrients 2020, 12, 3217 13 of 13

41. Compernolle, S.; Oppert, J.-M.; Mackenbach, J.D.; Lakerveld, J.; Charreire, H.; Glonti, K.; Bardos, H.;
Rutter, H.; De Cocker, K.; Cardon, G.; et al. Mediating role of energy-balance related behaviors in the
association of neighborhood socio-economic status and residential area density with BMI: The SPOTLIGHT
study. Prev. Med. 2016, 86, 84–91. [CrossRef] [PubMed]

42. Jones, J.; Terashima, M.; Rainham, D. Fast food and deprivation in Nova Scotia. Can. J. Public Health Rev.
Can. Sante Publique 2009, 100, 32–35. [CrossRef]

43. Canada at a Glance. Population Estimates. Statistics Canada, CANSIM Table 051-0005. Available online:
https://www150.statcan.gc.ca/n1/pub/12-581-x/2018000/pop-eng.htm (accessed on 16 October 2020).

44. Subar, A.F.; Freedman, L.S.; Tooze, J.A.; Kirkpatrick, S.I.; Boushey, C.; Neuhouser, M.L.; Thompson, F.E.;
Potischman, N.; Guenther, P.M.; Tarasuk, V.; et al. Addressing Current Criticism Regarding the Value of
Self-Report Dietary Data. J. Nutr. 2015, 145, 2639–2645. [CrossRef] [PubMed]

45. Townsend, P.; Phillipmore, P.; Beattie, A. Health and deprivation: Inequality and the North. Health Policy
1998, 10, 207.

46. Pampalon, R.; Hamel, D.; Gamache, P.; Raymond, G. A deprivation index for health planning in Canada.
Chronic Dis. Can. 2009, 29, 178–191. [CrossRef]

47. Green, D.A.; Milligan, K. The importance of the long form census to Canada. Can. Public Policy 2010, 36,
383–388. [CrossRef]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.ypmed.2016.01.005
http://www.ncbi.nlm.nih.gov/pubmed/26794046
http://dx.doi.org/10.1007/BF03405489
https://www150.statcan.gc.ca/n1/pub/12-581-x/2018000/pop-eng.htm
http://dx.doi.org/10.3945/jn.115.219634
http://www.ncbi.nlm.nih.gov/pubmed/26468491
http://dx.doi.org/10.24095/hpcdp.29.4.05
http://dx.doi.org/10.3138/cpp.36.3.383
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Study Sample 
	Dietary Intake 
	Neighbourhood Environment 
	Covariates 
	Statistical Analysis 

	Results 
	Relationships between Material Deprivation and Diet Quality 
	Relationships between Social Deprivation and Diet Quality 
	Relationships between Population Density and Diet Quality 

	Discussion 
	Conclusions 
	References

