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which usually offer the most extensive range of healthy 
and affordable food [1–3]. Saskatoon, a mid-sized city in 
the province of Saskatchewan, Canada, has seen a sharp 
decline in the number of grocery stores since 1986, espe-
cially in the low-income neighborhoods, also known as 
the city’s ‘core neighbourhoods’. By 2004, Saskatoon’s 
lowest-income neighborhoods had no major chain gro-
cery stores but had a high concentration of fast food and 
convenience stores. These neighbourhoods are identified 
as primary food deserts in Saskatoon with high poverty 
rates, higher unemployment rates, houses in need of 
major repair, single-parent families, and a greater num-
ber of residents of Indigenous ancestry. Residents living 
in these core neighbourhoods also have unequal health 
outcomes, with higher rates of chronic diseases such as 

Introduction
Low-income neighborhoods frequently face challenges 
in ensuring equitable access to affordable and healthy 
food options for their residents. Often, these communi-
ties tend to have a higher concentration of fast-food or 
convenience stores compared to fewer grocery stores, 

BMC Public Health

*Correspondence:
Nazeem Muhajarine
nazeem.muhajarine@usask.ca
1Department of Community Health and Epidemiology, University of 
Saskatchewan, Health Science Building, 107 Wiggins Road, Saskatoon,  
SK S7N-5E5, Canada
2Present address: Saskatchewan Population Health and Evaluation 
Research Unit, Saskatoon, SK, Canada
3University of Melbourne, Parkville, Victoria, Australia

Abstract
This study investigated the early impact of a community-based food intervention, the Good Food Junction (GFJ), 
a full-service grocery store (September 2012 – January 2016) in a former food desert in Saskatoon, Canada. The 
hypothesis tested was that frequent shopping at the GFJ improved food security and selected health-related 
outcomes among shoppers, and the impact was moderated by socioeconomic factors. Longitudinal data 
were collected from 156 GFJ shoppers, on three occasions: 12-, 18-, and 24-months post-opening. Participants 
were grouped into three categories based on the frequency of shopping at the GFJ: low, moderate, and high. 
A generalized estimating equations approach was used for model building; moderating effects were tested. 
Participants were predominantly female, Indigenous, low-income, and had high school or some post-secondary 
education. The GFJ use was associated with household food security (OR for high and moderate frequency 
shoppers reporting less than a high school education were 1.81 and 1.06, respectively), and mental health (OR 
for high and moderate frequency shoppers reporting high income were 2.82 and 0.87, respectively) exhibiting 
a dose-response relationship, and indicated that these outcomes were significantly moderated by participants’ 
socioeconomic factors. Shopping at the GFJ had a positive effect on food security and mental health, but to 
varying levels for those with low incomes, with less than high school or high school or better levels of education.
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diabetes, heart disease, psychological conditions, and all-
cause mortality when compared to more affluent neigh-
bourhoods in Saskatoon [4, 5]. A lack of grocery stores 
in the core neighbourhoods, therefore, meant disparities 
in accessing nutrient-rich food for equity-seeking groups, 
where a significant proportion of people, without a car, 
needed to spend up to an hour to reach a grocery store.

The Good Food Junction (GFJ), a unique food environ-
ment intervention of a full-service, not-for-profit coop-
erative grocery store with a community-led business 
model, opened in September 2012, presenting a much-
needed intervention for core neighborhoods as identi-
fied in previous studies [6, 7]. Lifetime membership of 
this cooperative store was 5 Canadian dollars, and this 
fee was waived for many members [8]. The GFJ was one 
service component of a larger community services and 
enterprise hub, Station 20 West, facilitating access to ser-
vices such as housing, food access, community outreach, 
and engagement. A survey was conducted within a year 
of GFJ’s opening among residents of four neighborhoods 
living within a 10-minute walking distance of the store. 
The study found that an increased number of Indigenous 
residents with low incomes used the store along with 
food-based programs, while recent immigrants used it 
significantly less. The majority of the residents (95%) 
were aware of the store’s existence, and 69% had used it at 
least once. However, only 8.2% of households had shifted 
to GFJ as their primary grocery store after the first 12 
months of opening [3]. Another study investigated sales 
data of GFJ members for a year, starting eight months 
after its establishment [8]. This study revealed that resi-
dents living in core neighborhoods spent more on veg-
etables and less on meat and prepared foods compared 
to those living outside of the core neighborhoods. These 
results suggest that the core neighborhood residents 
were aware of GFJ and used it, and that this intervention 
was reaching the populations for whom it was intended. 
However, the impact of GFJ on health-related outcomes 
remains unanswered, which is the focus of the present 
study.

To date, a limited number of studies have investigated 
the impact of introducing new food store interventions 
in deprived, urban regions with low grocery store access. 
Inferring causation based on available evidence to guide 
programs and policies for new food store interventions 
is challenging due to a multitude of factors; consumer 
demand being one of them [9]. A systematic review of 
small food store interventions, a relevant context for 
our study, revealed significant improvements in sales 
of healthy foods and improved dietary behavior [10]. A 
study assessing the impact of hypermarket interventions 
found slight improvements in fruit and vegetable con-
sumption but substantial improvements in psychological 
health [11]. However, there were a dearth of published 

reports examining the impact of a full-service grocery 
store intervention on health outcomes that were offered 
as a non-profit model. We aim, therefore, to examine if 
those who shopped in the GFJ more frequently over a 
12-month period had better health-related outcomes 
compared to those who shopped less frequently.

Methods
Study design
A longitudinal survey design was employed on a cohort 
of regular shoppers of the GFJ over a 12-month period. 
The study surveyed participants 10–13 months (July-
September 2013) after opening the GFJ (termed Round 
1) and were contacted again on two occasions at 17–19 
(February-April, 2014) (termed Round 2), and 23–25 
(August-November, 2014) (termed Round 3) months. The 
aim was to space follow-up rounds by at least 6 months.

Recruitment
Respondents who were the primary food shoppers for 
their household and who had shopped at least three times 
at the GFJ during the previous two months were initially 
recruited. Participant recruitment was done in four ways; 
(1) research assistants approaching shoppers in the store, 
at various times and on different days over a two-week 
period, (2) identification of further participants referred 
by already recruited participants, (3) distribution of fly-
ers throughout the neighborhood near the store, and (4) 
further recruitment during the GFJ one-year anniver-
sary celebration. Informed consent was obtained from 
all the participants before commencing the study. Ethical 
approval for this study was obtained from Behavioural 
Research Ethics Board of the University of Saskatchewan. 
Some of these methods have been published previously 
[12].

Data collection and the survey
The paper survey was administered either in person at 
the store or if a participant preferred later over the tele-
phone or in person. The survey, which was administered 
during three rounds, consisted of two components, and 
is provided in the supplementary material. The first com-
ponent was regarding participants’ demographics and the 
second component focused on their health status. Both 
survey components were primarily consisted of several 
modules of 2011 version of the Canadian Community 
Health Survey (CCHS) [13], and were pre-tested and 
modified prior to using in this study.

The demographic part of the survey included ques-
tions on household socio-demographics such as age, sex, 
Indigenous status, highest education attained and annual 
household income. Specific questions relating to the 
GFJ including, how often they shopped at the GFJ and 
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whether the GFJ was their primary grocery store were 
also included in this part of the survey.

The health status part of the survey asked questions on 
self-reported physical and mental health, changes made 
to improve health, chronic conditions, household food 
insecurity (HFI), and perceptions of neighbourhood resi-
dence. Since previous studies have found that a greater 
sense of social connectedness to the neighbourhood in 
which one lives is associated with better health outcomes 
[14], using 4 questions on the sense of belonging to the 
neighbourhoods, we derived an indicator of social con-
nectedness to the neighbourhood.

Measures
Dependent variables: HFI status and self-reported general 
health and mental health
The 18-item Household Food Security Survey Module 
(HFSSM) from the CCHS was used to assess HFI in this 
study [15]. It assesses HFI over the past 12 months for 
adults and children living in the household and reports 
the subjective experience of the participant on food 
insecurity, including anxiety and perceptions of house-
hold food supply and food intake [16]. The HFI status 
was determined by assessing the number of affirmative 
answers to the 18-item HFI module. Outcome catego-
ries were food secure (0–1), moderate food insecure 
[2–5], and severely food insecure (≥ 6) for adult and food 
secure (0–1), moderate food insecure [2–4], and severely 
food insecure (≥ 5) for children part of questions. It was 
hypothesized to be changed due to exposure to the GFJ 
intervention, and, in turn, a factor that plays a role mid-
way between the exposure and general health-related 
outcomes.

Self-reported general health and mental health were 
also assessed based on questions obtained from the 
CCHS and asks about participants’ general health and 
mental health according to their perception on a 5-level 
scale (excellent, very good, good, fair, and poor).

Key exposure of interest
Exposure to the GFJ intervention was captured using 
the item ‘how often have you shopped at the GFJ since 
it opened’. Based on the distribution of responses to this 
question a new variable— ‘dose’ or ‘frequency’ of expo-
sure, was created with three levels: low = less than once a 
month since GFJ opened, moderate = about once a month 
since GFJ opened, and high = more than once a month 
since it opened. Dose of exposure to the GFJ for a given 
participant at a given data collection round was used as 
reported in that data collection round in the analysis, so 
that a participant could have different doses in different 
data collection rounds. Food purchasing patterns of GFJ 
shoppers have previously shown that they spent more 
food dollars on healthy food and less on prepared foods 

[8], supporting that high GFJ exposure (more frequent 
shopping) leads to better food choices.

Co-variables
Health-related outcomes that were examined among GFJ 
users may be influenced by other factors in addition to 
the primary exposure of interest. Four types of such risk 
factors were identified:

Sociodemographic risk factors  age (senior citizen who 
are 65 year or older), sex, ethnicity (Indigenous vs. non-
Indigenous), annual household income (low—$30,000 or 
less/ high—more than $30,000), participant’s education 
(less than high school/ high school and some post-sec-
ondary/ university).

Pre-existing health conditions and related risk fac-
tors  ever/ never diagnosed by a medical provider for 
diabetes, high blood pressure, heart disease, or cancer. 
Other health behaviour-related risk factors included level 
of daily stress, level of daily physical activity, and beliefs 
in changing health behaviour which included motivation 
and willingness to improve own physical health)

Perceived neighbourhood sense of belonging  We used 
categorical principal component analysis (CATPCA) to 
derive a single neighbourhood sense of belonging indica-
tor based on four questions on neighbourliness as they 
were highly correlated.

Other  Other variables included choosing GFJ as the 
primary grocery store, duration of living in the neigh-
bourhood, and the use of other community-based food 
programs.

Analysis
A generalized estimating equations (GEE) approach with 
exchangeable working correlation structure was used for 
modelling. This equation efficiently estimates regression 
parameters of longitudinal (therefore correlated and not 
independent, but independent across individual partici-
pants) data using a quasi-likelihood function, and consid-
ers within-subject correlation as a ‘nuisance’ variable [17, 
18].

Standard model building strategies were followed. 
Briefly, a univariate analysis selected variables with 
p < 0.25 which were retained for the multivariate model. 
The multivariate model selected variables with p < 0.05 
which were retained for the preliminary final model 
[19]. The main predictor (GFJ exposure) was retained 
regardless of its level of significance. The preliminary 
final model was then subjected to assessment of two-
way interactions between (i) the longitudinal ‘time’ and 
other covariables and (ii) the main predictor and other 
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covariables tested one at a time. Interactions significant 
at p < 0.05 were retained for the final model and marginal 
(binary/categorical form) probability estimates were 
computed [19]. Model fit was determined using Quasi-
Likelihood under Independence Model Criterion (QIC) 
and Corrected Quasi-Likelihood under Independence 
Model Criterion (QICC) values. The smaller QIC and 
QICC values show ‘better’ model fit, and the final mod-
els were adjusted accordingly [20]. Estimation of specific 
odds ratios in the presence of interaction was initially cal-
culated manually [19]. SPSS (version 23, IBM) was used 
for all analyses. SAS 9.4 was used to confirm the odds 
ratios of the interaction terms, which were calculated by 
hand.

Results
Study sample: The study initially enrolled 156 partici-
pants who completed the survey in Round 1. By Round 
2 and 3, there were 27 and 37 participants lost to follow-
up, respectively. Reasons were death (n = 2), refused fur-
ther participation (n = 1) and unable to establish contact 
using the contact information provided. The sample was 
replenished by recruiting 24 new participants during 
Round 2, which restored the composition of the cohort 
(sociodemographically) similar to Round 1. This resulted 
in 153 participants completing Round 2 and 115 of them 
completed Round 3. All three rounds were completed by 
104 while 37 participants completed only two rounds. 

A comparison between study completers and non-com-
pleters along the sociodemographic, independent and 
dependent variables showed that the participants who 
were food insecure, Indigenous, had less than high school 
education, low-income, and who had lived in their neigh-
bourhood less than 5 years were statistically more likely 
to not complete all three follow-ups. The details are pro-
vided in the supplementary material (Table S1).

Characteristics of participants recruited during 
round 1 and round 2: The majority of study participants, 
across the three data collection rounds, were female, 
about one-half self-identified as Indigenous, had low-
incomes, and had at least a high school or some post-
secondary education. Table  1 shows characteristics of 
participants.

The level of GFJ exposure increased positively except 
high exposure in Round 3. As well, HFI followed a posi-
tive trend with a gradually increasing food security (from 
45.5 to 63.5%) and concomitant falling food insecurity 
(from 54.5 to 36.5%) over three follow-up Rounds. Other 
self-reported health-related outcomes fluctuated over 
the follow-up period without a particular pattern. These 
results are presented in supplementary material (Table 
S2).

Health-related outcomes: Tables  2, 3 and 4 present 
summarized odds ratios (ORs), their 95% confidence 
intervals (CIs) and significance levels in univariate and 
multivariate GEE analyses. The final model showed that 
Indigenous ethnicity and senior age no longer signifi-
cantly contributed to predicting HFI in this sample of 
GFJ shoppers (Table  2). The level of education signifi-
cantly modified the effect of GFJ exposure in predicting 
HFI.

A ‘dose’-dependent association between the frequency 
of GFJ use and the odds of reporting food security was 
found, and this association was significantly modified 
by participants’ education level. The positive impact on 
food security with GFJ exposure was greatest among par-
ticipants with less than high school education. Figure  1 
illustrates how OR of the main association of GFJ expo-
sure and food security is modified by the level of educa-
tion. The likelihood of reporting food security among 
GFJ shoppers with high school or some post-secondary 
education was notably high for those who shopped fre-
quently (high) or moderately frequently compared to 
those who shopped less frequently (OR = 7.43 CI 1.81, 
30.44, p = 0.005; OR = 6.89 CI 1.57, 30.20, p = 0.010). In 
Fig. 1 this is shown by the highest location (red line) on 
the y axis. As shown in Fig. 1, the likelihood of reporting 
food security increased slightly among high frequency 
and moderate frequency GFJ shoppers (OR = 1.81 CI 
0.42, 7.74, p = 0.425; and OR = 1.06 CI 0.17, 6.48, p = 0.948) 
for those who reported less than a high school education. 
In contrast, the impact on food security associated with 

Table 1  Participant characteristics during three rounds of data 
collection
Characteristics Round 1 Round 2 Round 

3
Number of participants 156 153 115
Age [median (min, max)] 42 (21, 90) 43 (21, 91) 44 (22, 

91)
Sex [n (%)]
  ♣ Male
  ♣ Female

39 (25)
117 (75)

38 (24.8)
115 (75.2)

29 (25.2)
86 (74.8)

Self-identified Ethnicity [n (%)]
  ♣ First Nations Status
  ♣ First Nations Non-Status
  ♣ Métis
  ♣ Inuit
  ♣ Total Indigenous (% of total 
sample)

53 (32.5)
8 (4.9)
19 (11.7)
-
79 (50.6)

60 (38.2)
3 (1.9)
19 (12.1)
-
81 (52.9)

34 (28.1)
2 (1.7)
12 (9.9)
-
46 (40.4)

Newcomers to Canada (< 5 years in 
Canada) [n (%)]

4 (2.5) - 1 (0.8)

Annual household income [n (%)]
  ♣ Less than $30,000
  ♣ $30,000 or more
  ♣ Don’t know or decline to answer

85 (54.5)
49 (31.4)
22 (14.1)

93 (60.8)
44 (28.8)
16 (10.5)

69 (60.0)
38 (33.0)
8 (7.0)

Highest level of education [n (%)]
  ♣ Less than high school
  ♣ High school & some post-sec-
ondary/ technical college
  ♣ Completed university

45 (28.8)
77 (49.4)
34 (21.8)

43 (28.1)
78 (50.9)
32 (20.9)

22 (19.1)
61 (53)
32 (27.8)
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shopping at GFJ was the least among those who had uni-
versity level education. Further, there is a marked differ-
ence in slopes of the lines within each education level in 
Fig. 1. For instance, the blue line has a steeper slope indi-
cating that the GFJ shoppers with less than high school 
education showed higher odds of food security with 
higher exposure implying greater effect with increasing 
dose.

Participants with low income (less than $30,000 house-
hold income per year) were approximately 76% less likely 
to be food secure (lower odds) over three-time points 
compared to participants with higher incomes. Further, 
male participants were approximately 2.32 times (95% 
CI 1.16, 4.66; p = 0.018) more likely to be food secure 
over three-time points compared to female participants. 
Participants with high and moderate level of connected-
ness to the neighbourhoods they lived in were 2.04 times 
(CI 1.09, 3.83; p = 0.027) and 1.33 times (CI 0.75, 2.37; 
p = 0.331) more likely to be food secure, respectively, 
over three-time points compared to participants with 
low neighbourhood connectedness. Moreover, those 
who used 3 or more other food-based programs were 

approximately 65% less likely (OR = 0.35 CI 0.13, 0.96; 
p = 0.041) to be food secure, while those who used only 
1 or 2 of those programs were 73% less likely (OR = 0.27 
CI 0.09, 0.79; p = 0.017) to be food secure compared to 
participants who did not use any of the other food-based 
programs.

The final model for self-reported health showed that 
participants who were low income and experiencing 
daily stress were 70% (p > 0.000) and 40% (p = 0.053) less 
likely to report good to excellent health over three-time 
points compared to participants who were high income 
and not experiencing stress daily, respectively (Table 3). 
Further, participants with less than high school education 
were 68% (p = 0.021) less likely to report good to excellent 
health over three-time points compared to participants 
with a university education. Participants ever having 
pre-existing chronic conditions were 63% (p = 0.002) less 
likely to report good to excellent health over three-time 
points compared to participants who never had chronic 
conditions.

As Table  4 shows, participants with daily stress were 
68% (p = 0.001) less likely to report good to excellent 

Table 2  Univariate and multivariate models showing factors independently associated with household food security
Household food security status:
1 = food secure| indicator
0 = moderate & severe food insecure| reference

Univariate Multivariate

Variable Reference category Odds ratio (95% CI) p-value Odds ratio (95% CI) p-value
Exposure level to GFJ
High
Moderate

low 1.65 (0.98, 2.79)
1.74 (0.97, 3.12)

0.060
0.063

0.80 (0.31, 2.03)
0.74 (0.30, 1.84)

0.634
0.520

Senior Not senior 2.44 (1.33, 4.5) 0.004
Low income High 0.18 (0.09, 0.34) 0.000 0.24 (0.12, 0.50) 0.000
Education
Less than high school
High school & some post
secondary

university 0.16 (0.07, 0.35)
0.22 (0.11, 0.42)

0.000
0.000

0.13 (0.02, 0.70)
0.04 (0.01, 0.19)

0.017
0.000

Male Female 1.97 (1.09, 3.59) 0.026 2.32 (1.16, 4.66) 0.018
Indigenous identity Non- Indigenous 0.35 (0.21, 0.58) 0.000
Daily stress Not stressful 0.88 (0.65, 1.19) 0.414
Physical activity Low 0.89 (0.64, 1.24) 0.493
Pre-existing chronic conditions Never 1.25 (0.79, 1.98) 0.347
Believe in changing health behaviour Low 0.93 (0.69, 1.26) 0.621
How long lived in the neighbourhood < 5 years 1.16 (0.80, 1.69) 0.427
Neighbourhood connectedness
High
Moderate

Low 1.79 (1.12, 2.84)
1.15 (0.76, 1.75)

0.016
0.500

2.04 (1.09, 3.83)
1.33 (0.75, 2.37)

0.027
0.331

GFJ primary grocery store No 0.98 (0.68, 1.42) 0.917
Use of other food-based programs
3 or more programs
1–2 programs

None 0.54 (0.27, 1.07)
0.44 (0.22, 0.86)

0.079
0.016

0.35 (0.13, 0.96)
0.27 (0.09, 0.79)

0.041
0.017

High GFJ exposure*less than high school 2.27(0.42, 12.19) 0.340
High GFJ exposure*high school & post secondary 9.32 (1.76, 49.23) 0.009
Moderate GFJ exposure*less than high school 1.43 (0.19, 10.55) 0.726
Moderate GFJ exposure*high school & post secondary 9.28 (1.66, 51.69) 0.011
Note See Fig. 1 where these interaction effects are graphed
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mental health over the three time points compared to 
participants without stress. As shown in Fig. 2, the posi-
tive impact on mental health associated with shopping 
at the GFJ is notable for participants from relatively high 
income households as illustrated by the steep slope of 
the red line. Participants from households with income 
greater than $30,000 were 2.82 (95% CI 0.42, 18.93) times 
more likely to report good to excellent mental health if 
they shopped at high frequency at the GFJ, compared to 
less frequently. In fact, among those reporting the same 
level of income, those who shopped in ‘moderate’ fre-
quency at GFJ were 13% (OR = 0.87; CI 0.25, 2.96) less 
likely to report good to excellent mental health. There 
were no benefits on mental health shown for those 
reporting income less than $30,000 regardless of fre-
quency of shopping at GFJ (see Fig. 2 blue line).

Discussion
The purpose of this study was to assess the early (within 
a year) health-related impact of a new grocery store 
intervention, the GFJ, in a former food desert. The study 
followed-up a sample of GFJ shoppers for one year 
and measured their HFI, self-reported general health, 
and mental health. Results showed positive impact of 
GFJ exposure among participants who shopped most 

frequently or moderately frequently compared to low. 
A few outcomes, however, did not corroborate the 
hypothesis.

Shoppers who shopped at the GFJ at least once a 
month since it opened (high and moderate frequency) 
were likely to report their health-related outcomes hav-
ing improved compared to those who shopped less often 
than once a month. Participants with less than high 
school education were more likely to report food secu-
rity over time when they shopped at the GFJ more fre-
quently, and this improvement was notably heightened 
among participants who had high school or some post-
secondary level education. Those shoppers with a uni-
versity level education, however, were the least affected 
by the intervention. They showed better HFI status at the 
study start (data not shown), therefore, use of the GFJ at 
a moderate and high frequency improved HFI only very 
slightly. This cohort of participants may have had other 
options of healthy food sources that were not limited by 
the location or price, thus making them the group who 
least benefited from the GFJ intervention. It is an inter-
esting and a useful finding that the shoppers with less 
than university level education (but at minimum a high 
school education) benefited the most from shopping at 
the GFJ in terms of HFI.

Table 3  Univariate and multivariate models showing factors independently associated with good to excellent self-reported general 
health
Self-reported general health:
1 = good to excellent| indicator
0 = fair to poor| reference

Univariate Multivariate

Variable Reference category Odds ratio (95% CI) p-value Odds ratio (95% CI) p-value
Exposure level to GFJ
  High
  Moderate

low 0.92 (0.55, 1.54)
0.99 (0.57, 1.72)

0.749
0.980

0.82 (0.43, 1.57)
0.86 (0.45, 1.64)

0.553
0.630

Senior Not senior 0.63 (0.30, 1.35) 0.239 0.45 (0.18, 1.12) 0.086
Low income High 0.32 (0.17, 0.60) 0.000 0.30 (0.16, 0.57) 0.000
Education
  Less than high school
  High school & some post
secondary

University 0.01 (0.11, 0.67)
0.05 (0.21, 1.00)

0.005
0.047

0.32 (0.12, 0.84)
0.69 (0.30, 1.58)

0.021
0.373

Male Female 1.28 (0.71, 2.31) 0.404
Indigenous identity Non- Indigenous 0.69 (0.37, 1.29) 0.246
Daily stress Not stressful 0.75 (0.50, 1.13) 0.170 0.60 (0.35, 1.01) 0.053
Physical activity Low 1.03 (0.69, 1.54) 0.895
Pre-existing chronic conditions Never 0.40 (0.23, 0.69) 0.001 0.37 (0.19, 0.69) 0.002
Believe in changing health behaviour Low 1.08 (0.77, 1.53) 0.646
How long lived in the neighbourhood < 5 years 0.85 (0.55, 1.31) 0.455
Neighbourhood connectedness
  High
  Moderate

Low 1.56 (0.93, 2.61)
1.27 (0.82, 1.97)

0.092
0.293

GFJ primary grocery store No 0.71 (0.46, 1.10) 0.130
Use of other food-based programs
3 or more programs
1–2 programs

None 1.13 (0.49, 2.57)
1.02 (0.50, 2.07)

0.776
0.967
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Similarly, those who shopped at the GFJ more often 
than once a month compared to those who shopped less 
than once a month showed a sharp rise in positive men-
tal health among high-income participants. Low-income 
participants, however, had lower odds of positive mental 
health even when they shopped at the GFJ at a higher fre-
quency. The implication of this result is that those who 
were exposed to this new food store intervention did not 

benefit equally in terms of improved health. The effect 
modification of the GFJ exposure on food security and 
mental health by education and income, respectively, 
suggest that this intervention was more effective among 
those who had less than a university education, but at 
minimum a high school education (regarding food secu-
rity) or among those with high income (regarding mental 
health) [21].

Table 4  Univariate and multivariate models showing factors independently associated with self-reported mental health
Self-reported mental health:
1 = good to excellent| indicator
0 = fair to poor| reference

Univariate Multivariate

Variable Reference category Odds ratio (95% CI) p-value Odds ratio (95% CI) p-value
Exposure level to GFJ
High
Moderate

low 0.65 (0.27, 1.53)
0.68 (0.32, 1.47)

0.319
0.325

2.83 (2.96, 97.71)
0.87 (0.25, 2.96)

0.284
0.819

Senior Not senior 0.76 (0.28, 2.08) 0.589
Low income High 0.38 (0.14, 1.04) 0.060 1.87 (0.25, 14.28) 0.546
Education
Less than high school
High school & some post
secondary

university 0.62 (0.21, 1.87)
1.06 (0.40, 2.83)

0.398
0.909

Male Female 1.38 (0.53, 2.63) 0.511
Indigenous identity Non- Indigenous 1.08 (0.53, 2.22) 0.835
Daily stress Not stressful 0.40 (0.21, 0.76) 0.005 0.32 (0.16, 0.64) 0.001
Physical activity Low 1.12 (0.62, 2.04) 0.705
Pre-existing chronic conditions Never 0.66 (0.34, 1.27) 0.212
Believe in changing health behaviour Low 0.99 (0.54, 1.80) 0.963
How long lived in the neighbourhood < 5 years 1.30 (0.58, 2.93) 0.522
Neighbourhood connectedness
High
Moderate

Low 1.23 (0.62, 2.48)
1.40 (0.77, 2.55)

0.554
0.273

GFJ primary grocery store No 1.10 (0.48, 2.51) 0.819
Use of other food-based programs
3 or more programs
1–2 programs

None 0.83 (0.31, 2.22)
0.71 (0.28, 1.81)

0.706
0.478

High GFJ exposure*low income 0.08 (0.01, 0.83) 0.034
Moderate GFJ exposure*low income 0.34 (0.05, 2.18) 0.256
Note See Fig. 2 where these interaction effects are graphed

Fig. 1  Frequency of shopping at the GFJ and odds ratio of household food security by the level of education
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The majority of shoppers (three-quarters of partici-
pants in each round) followed-up in this study did their 
primary grocery shopping at stores other than the GFJ. 
“High level of exposure” in this study referred to ‘more 
than once a month’ shopping at the GFJ, which describes 
a biweekly or weekly or more trips. Although grocery 
shopping frequency depends on age, socioeconomic sta-
tus, household size and ethnicity, many studies show that 
the majority of households grocery shop at a frequency of 
more than once a month, particularly biweekly or weekly 
[22–27]. The bulk of the study participants doing their 
primary shopping for groceries at food stores other than 
the GFJ is something that we did not control in this study.

Household food insecurity measured nationally in 
2021 using the CCHS indicates that 15.9% (representing 
5.8  million people including 1.4  million children below 
18 years) of Canadian households were food insecure 
(marginal, moderate or severe) during the previous year 
[28]. In Saskatchewan, HFI rose from 12.2% in 2013 to 
18.8% in 2021 [28]. The participants in the current study 
showed a higher (54.5%) level of food insecurity (as 
expected) than the Saskatchewan or the national aver-
age at the start of the study which then reduced to 36.5% 
by Round 3. Although food insecurity improved in these 
GFJ shoppers over the three longitudinal time points, 
it was still considerably higher than Saskatchewan and 
national food insecurity levels.

The apparent improvement in food security in these 
study participants may be explained using four reasons. 
First, as this study hypothesized, the opening of the GFJ 
in the former food desert and use of this store by study 
participants might have led to an improvement in their 
HFI status for some participants.

Second, participants used other community-based 
food programs such as gardens, CHEP Good Food Boxes, 
Food Bank, Farmers’ Market, Collective kitchens, CHEP 

community markets, Seniors’ markets or other food pro-
grams. Statistical analysis indicates that participants who 
used multiple food programs were less likely to be food 
secure compared to those who did not use any of them. 
These community-based food programs are diverse in 
many respects and simply counting how many programs 
a participant had participated in without taking into 
account the specific nature of the program, or its effec-
tiveness to enhance food security, is a limitation in this 
study. The present study identifies this limitation and 
proposes that future studies could take community-based 
food programs with regard to their nature into account.

Third, there is a possibility that the GFJ exposure may 
have also contributed to engagement with other health 
promoting services available through Station 20 West, 
which in turn could have contributed positively to food 
security. Further, a number of community-based pro-
grams (specifically CHEP volunteers, clients of Kids-
First program, immunization program, Healthy Mother 
Healthy Baby program) were giving coupons that could 
be redeemed for food at the GFJ and CHEP fresh food 
markets. So, it is possible that some people who fre-
quently shopped at the GFJ may have done this because 
they had coupons that they could redeem at the GFJ. 
This could contribute to improvements in food secu-
rity among frequent shoppers and function as increased 
income for food in the household which has been 
reported in the literature as contributing to improved 
HFI status [28].

Finally, the selective loss of study participants over 
three data collection waves and the change in the study 
sample due to new participant recruitment during 
Round 2 would have had an impact on food security 
and health-related outcomes changes. As evidenced by 
the significant differences between study completers 
and non-completers, participants who were the most 

Fig. 2  Frequency of shopping at the GFJ and odds ratio of self-rated excellent to good mental health by the level of income
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food insecure were the ones that were lost to follow-up, 
resulting possibly in an overestimation of food security. 
However, countering this, participants recruited during 
Round 2 were significantly more food insecure compared 
to the cohort recruited at the study start.

National averages of perceived very good or excel-
lent mental health in Canada (59.0% in 2021) are lower 
than that reported by this study (88.2–89.1%) [29]. As 
well, Saskatchewan averages (55.5% in 2021) are even 
lower than present study reports [29]. Overall GFJ shop-
pers reported slightly declining good to excellent mental 
health from first (89.1%) to third (88.7%) data collection 
waves. The present study found that establishing a gro-
cery store in a former food desert improved HFI, and 
mental health of its users with time. Most importantly, 
participants who shopped at the new grocery store fre-
quently were more likely to be food secure, and report 
better mental health than those who shopped at a mod-
erate or low frequency (with these effects modified by 
a third variable). This ‘dose-response’ type association 
strengthen claims with regard to causation between the 
observed factors. Although graded relationships are not 
in the expected direction for all outcomes and general 
health did not show any significant improvements during 
the study period, the positive and dose-response associa-
tion between food security and increasing levels of GFJ 
exposure might lead to improvements in other health-
related outcomes later on. As expected, low-income and 
low-education were significant independent predictors of 
at least one of the outcomes studied—HFI, self-rated gen-
eral health, and mental health, which is consistent with 
previous literature. The implication being that although 
physical access to food is improved, low socioeconomic 
status continues to be a major barrier to consuming 
healthy foods that are expensive and lower in caloric 
content than high sugar and high fat processed food 
[30]. Many similar previous studies included study par-
ticipants who were only low-income or living in deprived 
neighbourhoods expecting higher positive impacts [11, 
31–34]. Although the GFJ was also located in low-income 
neighbourhoods, participants of this study constituted 
GFJ shoppers from all over the city. Household income 
and the level of education of participants showed a fairly 
diverse distribution in this sample. This combination 
opened up an opportunity to compare different socioeco-
nomic groups exposed to the GFJ intervention.

It has long been identified that individuals’ neighbour-
hood social ties play an important role in health [35, 36]. 
At the level of univariate analysis, this study found that 
perceived neighbourhood connectedness significantly 
(at p < 0.25 level) and in a dose-dependent manner pre-
dicted HFI and general health among this sample of 
GFJ shoppers. At the multivariate level, a higher level of 
neighbourhood connectedness showed higher odds of 

being food secure. Although this study did not find any 
significant moderating effect by neighbourhood con-
nectedness on the outcomes assessed, the need to engage 
psychosocial moderators is rapidly being recognized in 
food environment research [37]. Future food environ-
ment interventions that accompany additional programs 
that engage the community and build up neighbourliness 
may, therefore, be more effective in promoting health 
than if these efforts were separated.

Although some core neighbourhood residents ben-
efited from the new grocery store, the GFJ did not sur-
vive long. The store closed at the end of January 2016 
due to low sales nearly 3.5 years after its opening. The 
study would have been strengthened if baseline data on 
this sample of GFJ shoppers were available to compare 
their health before opening the GFJ. The study sample 
from throughout Saskatoon, and not only from the sur-
rounding neighbourhoods of the GFJ, makes the gener-
alization of these findings difficult to similar inner-city 
low-income food deserts. This study did not evaluate the 
proportion of study participants living in the core neigh-
bourhoods vs. the rest of Saskatoon. The neighbourhood 
of residence of participants and the transience of their 
residency through the study period might have had an 
impact on the frequency of shopping at the GFJ and the 
outcomes measured, which could be addressed in future 
research. Nevertheless, the geographical heterogeneity 
of residence of this sample was also a strength. The study 
participants represented a mix of socioeconomic status 
and Indigenous and non-Indigenous ethnicity, which 
contributed to factors such as income and education 
emerging as statistically significant predictors, as well as 
contributing to the generalizability of findings to other 
similar settings.

The method of participant recruitment might have 
introduced a risk of selection bias as it might have led the 
GFJ shoppers who were motivated to stay healthy to par-
ticipate in the study. As well, participation in the study 
itself might have led to increasing awareness of healthy 
eating and other health-related behaviours among the 
participants, which might have contributed to changes 
over the longitudinal data collection waves. Another 
important limitation of this study is the selective loss to 
follow-up. There were significant differences between 
study completers and non-completers regarding sociode-
mographic risk factors, the main predictor as well as 
some of the outcomes measured. Participants who were 
lost over the three-time points were those who were the 
most food insecure. This might have created estimates 
that are biased towards more positive results.

In addition to being a natural, real-life experiment, this 
population health intervention brings much strength 
regardless of above-mentioned limitations. Participants 
reporting how often they shopped at the grocery store 
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and using these data to create a ‘dose’ to assess the inter-
vention ‘exposure’ is a key strength of this study. Pro-
spective follow-up of study participants reduced any 
recall bias that may have arisen if retrospective methods 
were used. This key strength is intensified by the infer-
ences derived using a GEE approach. GEE are based on 
marginal models and come up with population averages. 
Evidence produced from this study is therefore useful for 
population-level policy, practice, and program planning.

Having an integrated approach by controlling for 
most of the known covariables that determine health 
in addition to improved food access, namely individu-
als’ perceived neighbourhood connectedness, beliefs in 
changing health behaviour, socioeconomic status, senior 
age, Indigenous identity, daily experience of stress, physi-
cal activity, and pre-existing chronic conditions, provide 
a comprehensive picture. This type of analysis would be 
very useful for decision-making around future popula-
tion health and targeted interventions.

Conclusions
This food environment intervention study found that 
the opening of a grocery store in a former food desert 
improved the HFI and mental health of its users in a 
graded fashion. The establishment of the grocery store 
was originally a priority of core neighbourhood residents. 
The study shows that improving food security is only one 
aspect of a bigger problem of nutrition-related non-com-
municable diseases and health-related outcomes. There 
are many other factors at play which need careful plan-
ning at more upstream levels. For instance, low socioeco-
nomic status continues to be a significant risk factor for 
health-related outcomes. Although reproduction of these 
findings in diverse contexts is highly recommended, a 
comprehensive approach in prevention program and 
planning strategies are emphasized.
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