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ABSTRACT

Objective: There is a growing body of research that investigates the residential neighbourhood
context as it relates to individual diet. However, previous studies ignore participants’ time spent
in the residential environment and this may be a problem because time-use studies show that
adults’ time-use can significantly vary. To better understand the role of exposure duration, we
designed a study to examine ‘time spent at home’ as a moderator to the residential food
environment-diet association.

Design: Cross-sectional observational study

Settings: City of Toronto, Ontario, Canada

Participants: 2411 adults aged 25-65

Primary Outcome Measure: Frequency of vegetable and fruit intake (VFI) per day

Results: To examine how time spent at home may moderate the relationship between residential
food environment and VFI, the full sample was split into 3 equal subgroups - short, medium, and
long duration spent at home. We detected significant associations between density of food stores
in the residential food environment and VFI for subgroups that spend medium and long durations
at home (i.e. spending a mean of 8.0 and 12.3 hours at home respectively — no including sleep
time), but no associations exist for people that spend the lowest amount of time at home
(mean=4.7 hours). Also, no associations were detected in analyses using the full sample.

Conclusions: Our study is the first to demonstrate that residential exposure duration may be an
important variable to identify hidden population patterns regarding VFI. Time spent at home can
impact the association between the residential food environment and individual VFL

Strengths:

- our study extends the body of work on the effects of residential food environments on
diet by looking at the amount of time that participants are spending in their residential
environment

- previous studies ignore participants’ time spent in the residential environment and this
may be a problem because time-use studies show that adults’ time-use can significantly
vary

Limitations:

- cross-sectional observational data limits the study’s ability to discern the direction of causation

- our outcome measure, vegetable and fruit intake, is based on the Canadian Community
Health Survey 2010, and participants self-reported the frequency per day of fruits and
vegetable eaten rather than the number of servings consumed. The self-reported
frequency measure may contribute to both under and over-reporting of food intake
behaviour.
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INTRODUCTION

Low vegetable and fruit intake (VFI) has been linked to a number of chronic diseases
including type II diabetes,[1 2] cardiovascular disease,[3 4] and breast,[5 6] esophageal and
colon cancers,[7 8]. Individual level determinants of VFI have been well established in the
literature, where income and education are positively associated with VFI;[9-11] however, study
results of the association between VFI and its potential environmental determinants are decidedly
mixed. Research on the food environment has explored the impacts of food retailers on VFI (e.g.
supermarkets, fast food outlets, and convenience stores). Studies have shown that living in
proximity to supermarkets is associated with improved diet outcomes,[12-19] and poor diet
outcomes.[20 21] Studies also show no association between residential proximity to food

vendors and VFL.[22 23]

Along with the inconsistent findings described above, the research is also characterized
by a lack of consideration to individuals’ duration of exposure to their neighbourhood context.
By ignoring the temporal dimension of exposure, previous studies may have unintentionally
introduced measurement bias because exposure duration may significantly differ between
participants. There is a dearth of studies that have explored this problem using multilevel
analyses of neighbourhood effects on individual health outcomes. Chum and O’Campo (2013)
found that the use of time-weighted multilevel regressions to account for duration of exposure
resulted in a) improved strength of association and 2) improved model fit in models of the
association between neighbourhood-level factors (including road traffic, access to supermarkets,
and fast food restaurants) and cardiovascular disease risk compared to typical multilevel models
that do not account for time.[24] There is also evidence to suggest that time spent in the
residential neighbourhood varies. According to the Canadian General Social Survey (2010)
public use microdata,[25] time spent at home differs significantly by age and income: analysis of
variance shows that total minutes spent at home on a typical weekday differs significantly by age

groups and income groups (p<0.01) - see Figure 1.

Figure 1: Mean duration (in minutes) at home on an average weekday by age and income groups

(Canadian General Social Survey 2010) weighted N=28,075,610

Given the variability of time spent at home between individuals, accounting for individuals’ time

spent in their residential environment may help us avoid model misclassification by better
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quantifying exposure to the residential food environment. We hypothesize that people who spend
more time in their home environments would rely more heavily on their local food vendors.
Therefore, a stronger association between residential food environment and VFI may exist for
those who spend more time at home compared to those who spend less time at home. Our study

answers the following research questions to explore this potential dose-response relationship:

1) Does an association exist between the residential food environment and VFI?

2) Is the strength of the association between the residential food environment and VFI stronger
for people who spend more time at home?

MATERIALS AND METHODS
Data Sources

Project NEHW (Neighbourhood effects on Health and Wellbeing) is a cross-sectional
investigation of neighbourhood-level determinants of population health that used a three-staged
sampling method. In the first stage, 50 city-delineated neighbourhood planning areas (NPA)
were randomly selected out of a total of 140 NPAs. In the second stage, 1-2 census tracts (CT)
were randomly selected from each of the 50 NPAs sampled, resulting in 87 randomly selected
CTs. Lastly, within the 87 CTs, approximately 30 individuals were randomly selected based on
residential address. Eligibility criteria are as follows: 1) only 1 resident per household, 2)
participants are aged 25 to 65, 3) able to communicate in English, and 4) lived in the

neighbourhood for at least 6 months. The response rate was 72%.

Data collection took place between March 2009 and June 2011. 2411 individuals,
representing 87 CTs, participated in the study. Data were obtained from in-person interviews,
and participants provided written informed consent at the time of their interview. The Research
Ethics Board at St Michael’s Hospital in Toronto, Canada provided ethics approval for this
study. To ensure the generalizability of our findings, and that it is representative of our target
population, post-stratification weights were created based on demographic characteristics from
the 2006 Canadian Census data for Toronto including sex, total household income, household
size, immigrant status, and age. More information about the study methods can be found in a

previously published paper.[24]
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Dependent Variable

The primary outcome measure is frequency of VFI, and was assessed using questions
from the U.S. Behavioural Risk Factor Surveillance System.[26] The same questions are also
found in the Canadian Community Health Survey (2010).[27] Six questions, similar to questions
in a food frequency questionnaire, were asked to determine total frequency of intake for
vegetables and fruits.[28 29] Intake was calculated by adding the frequency of intake of fruit,
fruit juice, green salad, carrots, potatoes (not including French fries, fried potatoes or potato
chips), and other vegetables. VFI is based on self-reported data. Since VFI is non-normally
distributed with a positive skew, for the purposes of regression analysis, we categorized VFI into
either “less than five times” or “greater than or equal to five times” per day. These categories of
VFI have been used in previous studies.[28 29] Frequency of intake was structured around the
recommendations of Canada’s Food Guide whereby one instance of VFI was considered to be
one serving, and less than 5 servings a day is below recommendation.[30] While frequency of
intake may not necessarily equal the number of servings, for the purpose of this study it is treated

roughly in the same manner, following the convention of previous studies.[28 29]

Independent Variables

Toronto Public Health’s Toronto Healthy Environments Inspection System (THEIS)
(2012),[31] provided the location of all food outlets. Within the THEIS database, the type of
food retailer was used to examine food access in residential environments. Fast food, healthy
food retailers, and less healthy food stores were used in this study. Fast food restaurants were
classified as a restaurant, food court vendor, cafeteria, food take out, ice cream/yogurt vendor, or
hot dog cart. These restaurants were also required to have takeout options available, limited or no
wait staff, and customers having to pay prior to receiving food. If the restaurant had restricted
access to the public they were removed (e.g. food outlets in arenas where patrons must pay

admission to access the food outlet).

Healthier food retail was classified as a food store (convenience/variety or supermarket)
that sells a significant quantity and diversity of vegetables and/or fruit. If these food outlets did

not meet the definition for healthy food retail, they were classified as a less healthy food store.
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These are typically convenience stores that primarily sell packaged snacks with low nutritional
value. To account for retail locations outside of the City of Toronto in bordering municipalities,
additional field work was completed to ensure all food outlets within 1km of the residential

addresses were included in the analysis.

Geographic Information Systems (GIS) was used to characterize the food environment of
our study area. Our measure of residential food outlet availability was created based on a review
of GIS methods to measure food environments,[32] where density of food stores within a buffer
around an individual’s residence (constructed based on 10-15 minutes walking distances) is a
commonly accepted measure. In a field study of walking speeds of the general adult population
using mobile accelerometers,[33] the median speed of adult walking speed is 1.25 metres/second
(interquartile range=0.12), and speed declines with age at the rate of -0.0037 metres/second per
year between the ages of 20-60. However, speed was not significantly associated with other
individual characteristics including gender, BMI, and blood pressure. Based on these results, we
estimated buffers for distances that would be reachable in a 10 and 15 minute walk from the
residence of each participant. The buffers created for this study were based on network service
areas around each respondents’ homes. Network service area is the travelable distance created
using street network data (Figure 2).[34-36] Densities for 10 and 15 minute walking distance
buffers were calculated in GIS for the number of fast food, less healthy, and healthy food outlets

in each of the participants’ walking buffers.
Figure 2: Example of a network buffer for 10 and 15 minute walk
Covariates

A number of individual level covariates are included in the models to adjust for potential
confounding. The following categorical variables were examined: age (25-34, 35-44, 45-54, or
55-65), gender, marital status (married/common-law, or single), education (high school or less,
some college, completed college), self-rated health (poor, fair, good, and very good/excellent),
and family income (quintiles). While ethnicity/race is examined in bivariate analysis (i.e. white,
black, south Asian, south-east Asian, West Asian, or other), only visible minority status (i.e.
white vs. others) was used instead of more detailed ethnicity categories in multivariable models

due to cell size limitations.
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Time Spent at Home

Individual level data collected from Project NEWH participants provided self-reported
time spent at work and time spent sleeping, but not time spent at home. The average of time
spent at home per day was estimated based on individual demographic characteristics and time
spent at work using the 2010 Canadian General Social Survey (CGSS) through a multivariate
regression model. Data were extracted from the CGSS for adults age 2565 in urban areas. Time
spent at home (dependent variable) was modeled using the following independent variables: age,
education level, income, gender, marital status, having children under 5, and minutes spent at
work. All the above predictors were significantly associated with the time spent at home (p <
0.01). The final model had an adjusted r-squared of 0.40. Beta coefficients from the regression
using the CGSS data were used to estimate individual time spent at home for the Project NEWH
participants. For example, starting with the intercept of 1325.15 minutes, 1) for every minute
spent at work 0.68 fewer minutes were spent at home, 2) females spent 37.34 more minutes at
home compared to males, 3) persons with children under 6 spent 30.93 more minutes compared
to those without, et cetera. Finally, we subtracted out individuals’ sleeping duration from the
total time at home because individuals have no chance of contact with their residential food

environment while they are sleeping.
Statistical analysis

This analysis started by evaluating the bivariable relationships between predictors and the
VFI outcome using 1) Kruskal-Wallis non-parametric 1-way ANOVA to compare the mean VFI
per day between the categorical predictors, and 2) % test to compare the categorical predictors to
the proportion of individuals that ate fruits and vegetables at least 5 times per day (see table 1 of
appendix). For multivariate multilevel modeling, we used the binary outcome (VFI at least 5
times per day vs. not), because 1) the positive skew in the continuous outcome can impact model
stability and 2) this binary outcome has been used in previous models of the impact of

individuals factors on VFL.[28 29]

Since the data has a 2-level structure, with individuals nested in census tracts, multilevel

logistic regression is used to account for the lack of spatial independence.[37] To examine how
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time spent at home may moderate the relationship between residential food environment and
VFI, the full sample was split into 3 equal subgroups - short, medium, and long duration spent at
home, for separate analysis. Eight models are described in this paper. Models 1a and 1b examine
the full sample (n=2411). Models 2a and 2b examine the subgroup (n=804) that spends the least
amount of time at home (0-6.5 hours/day, mean=4.7 hours), 3a and 3b examine the subgroup
(n=804) that spends a medium amount of time at home (6.51-9.7 hours/day, mean==8.0 hours),
and 4a and 4b examine the subgroup (n=803) that spends the highest amount of time at home
(>9.7 hours/day, mean=12.3 hours). Models with the “a” suffix calculates food outlet density
using the 10 minute walking distance network buffer, and models with the “b” suffix uses the 15
minutes walking distance network buffer. All models adjusted for the effects of gender, age,
education, marital status, family income, self-rated health, and visible minority status. The
binomial outcome of “eating at least 5 fruits or vegetables” is modeled using multilevel logistic

regression with random intercept using PROC GLIMMIX in SAS 9.3.

RESULTS

Participants in Project NEHW were 53% female and 44% self-reported as visible
minority, with a mean age of 44 years (table 1 of appendix) and a mean after-tax family income
of $91,330 (median=§71,000). The proportion of those eating at least 5 VFI per day differed
significantly by gender, age, education, employment status, marital status and income in

bivariable analysis (p < 0.05).

Table 1. Sample Characteristics and associations between covariates and VFI (n=2411)

n=2,411 n (proportion Mean of Fruit and Kruskal-Wallis | Proportion eating 5 or chi square
percentage) Vegetable Intake 1-way ANOVA | more Fruits and p-value
per day p-value Vegetables per day

Gender <0.0001 <0.0001
Male 1,118 (46.4%) 4.20 25.6%
Female 1,293 (53.6%) 4.59 34.6%

Age 0.424 0.0001
25-34 529 (21.9%) 4.24 29.4%
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1
2
3
4 35-44 742 (30.8%) 4.42 27.9%
5
6 45-54 714 (29.6%) 4.42 29.6%
7
8 55-65 426 (17.7%) 4.52 37.4%
9
10 Education <0.0001 <0.0001
11
12 Less than High School | 95 (3.9%) 4.52 31.5%
13
14 High School 389 (16.2%) 3.9 23.9%
15
16 Post-Secondary 1,409 (58.5%) 4.33 30.0%
17 Degree/Diploma
ig Graduate Degree 514 (21.4%) 4.66 35.9%
32 Employment Status 0.0003 0.0104
22 o N
23 Employed 1,618 (67.1%) 4.25 28.8%
24
o5 On Temporary Leave 352 (14.6%) 4.54 34.0%
26
27 Unemployed 228 (9.5%) 4.84 39.1%
28 )
29 Not looking for work 212 (8.8%) 4.25 27.5%
30 .
31 Marital Status 0.0223 <0.0001
32 )
33 Married/Common law 1,542 (63.9%) 4.42 32.6%
34 i
35 Separated/Divorced 328 (13.6%) 4.27 26.7%
36 _
37 Widowed 42 (1.7%) 5.17 52.0%
38 -
39 Never Married 500 (20.7%) 4.16 27.7%
40
41 Income 0.0058 0.0002
42
43 $39,000 or less 697 (28.9%) 4.13 25.1%
44

$40,000 to $70,999 584 (24.2% 4.34 30.7%
45 ( )
46

$71,000 to $109,999 523 (21.7%) 4.42 32.8%
47
48

$110,000 or more 606 (25.1%) 4.53 34.3%
49
50
51 Ethnicity 0.0015 0.0021
52
53 White 1349 (56.0%) 4.49 32.8%
54
55 Black 339 (14.1%) 4.24 30.2%
56
57
58
59
60
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East Asian 221 (9.2%) 4.29 27.3%
South Asian 224 (9.3%) 4.03 23.4%
Aboriginal 18 (0.7%) 454 42.3%
West Asian 52 (2.2%) 4.26 26.1%
Latin 130 (5.4%) 3.68 21.9%
Other 77 (3.2%) 4.50 34.9%

All models to follow have been adjusted for the effects of gender, age, education, self-
rated health, marital status, visible minority status, and family income. For models where we
disregarded time spent at home, no significant associations were found between the food
environment and VFI. This was true for food store density measured at scales of both 10 minutes
and 15 minutes walking distances (see Table 2 - model 1a and 1b). Next, we conducted subgroup
analyses where we divided the full sample of participants into three equal groups with different
amounts time spent at home (low, medium and high). For individuals that spent the least amount
of time at home (models 2a & 2b), no significant associations were found between the food

environment variables and VFI.

For individuals who spent a medium amount of time at home, model results differed by
buffer size. At the 10 minute buffer, residents with zero less healthy (see chart) food stores
compared to those with three or more, had 38% increased odds (p<0.05) of having five or more
VFIs per day (model 3a). Within the 15 minute buffer, individuals with three or more healthier
food stores compared to those with zero, had 36% increased odds (p<0.05) of having five or

more VFIs per day (model 3b).

For individuals that spent the highest amount of time at home, model results also differed
by buffer size. At the 10 minute buffer, residents with access to three or more healthier food
stores compared to those with none, had 29% increased odds (p<0.05) of having five or more
VFIs per day. In addition, residents with zero less healthy food stores compared with three or

more, had 38% increased odds (p<0.05) of having five or more VFIs per day (model 4a).

Within the 15 minute buffer, residents with ‘two healthy food stores’ and ‘three or more
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1

2

2 healthy food stores’ compared with zero, both had 61% increased odds (p<0.05) of having five

2 or more VFIs per day. In addition, residents with access to zero or one fast food stores compared

7 with three or more, had 28% and 27% increased odds (p<0.05) of having five or more VFIs per

8

9 day respectively (model 4b).

10

11 Table 2. Multilevel logistic regression to examine the association between food environment (10 and

12 15 minute walking distance network buffers) and the odds of eating 5 vegetables and fruits per day

ﬁ adjusting for gender, age, education, self-rated health, marital status, visible minority status, and

15 family income.

16 Full sample (n=2411) Subgroup A: spending a | Subgroup B: spending a Subgroup C:

17 mean of 4.7 hours at mean of 8 hours at spending a mean of

18 home home 12.3 hours at home

19 (n=804) (n=804) (n=803)

20 Model 1a* | Model 1b° | Model 2a* | Model 2b* | Model 3a* | Model 3b* | Model 4a* | Model 4b*

21 Odds ratios (95% confidence interval)

22 Healthier

23 (ref=no stores)

24 1 store 0.843 1.430 0.964 1.544 0.788 0.888 0.825 0.972

25 (0.494- (0.955- (0.553- (0.948- (0.535- (0.654- (0.596- (0.563-

26 1.438) 2.141) 1.681) 2.515) 1.161) 1.206) 1.141) 1.679)

27 2 stores 1.042 1.313 0.729 1.285 1.083 1.172 1.159 1.606

28 (0.819- (0.867- (0.477- (0.970- (0.732- (0.943- (0.765- (1.082-

29 1.326) 1.988) 1.113) 1.701) 1.601) 1.457) 1.757) 2.385)*

30 3 or more stores | 1.249 1.184 1.109 0.774 1.139 1.362 1.291 1.614

31 (0.796- (0.942- (0.773- (0.354- (0.908- (1.030- (1.048- (1.108-
1.958) 1.489) 1.591) 1.691) 1.917) 1.801)* 1.590)* 2.352)*

32 Less Healthy

33 (ref=3+ stores)

34 0 stores 1.045 1.045 1.019 1.012 1.377 1.014 1.381 1.025

35 (0.710- (0.710- (0.711- (0.690- (1.041- (0.709- (1.043- (0.716-

36 1.537) 1.537) 1.459) 1.483) 1.823)* 1.451) 1.829)* 1.467)

37 1 store 1.043 0.985 1.003 0.964 1.192 0.985 1.191 0.990

38 (0.621- (0.576- (0.610- (0.566- (0.958- (0.600- (0.956- (0.604-

39 1.750) 1.685) 1.649) 1.644) 1.483) 1.616) 1.484) 1.625)

40 2 stores 0.985 1.043 1.000 1.024 0.895 1.003 0.895 1.015

41 (0.576- (0.621- (0.608- (0.612- (0.659- (0.611- (0.659- (0.617-

42 1.685) 1.750) 1.646) 1.714) 1.217) 1.648) 1.218) 1.668)

43 Fast food

44 (ref=3+ stores)

45 0 stores 1.082 1.133 1.175 1.658 1.365 1.175 1.227 1.281

46 (0.731- (0.665- (0.810- (0.930- (0.940- (0.810- (0.862- (1.037-

47 1.601) 1.931) 1.703) 2.955) 1.982) 1.703) 1.745) 1.583)*

48 1 store 1.070 1.124 1.126 1.299 1.380 1.126 1.235 1.267

49 (0.796- (0.811- (0.648- (0.979- (0.862- (0.648- (0.760- (1.027-

50 1.439) 1.558) 1.957) 1.723) 2.209) 1.957) 2.005) 1.563)*

51 2 stores 0.865 0.970 0.874 1.003 0.864 0.874 0.763 0.992

50 (0.670- (0.679- (0.506- (0.538- (0.514- (0.506- (0.466- (0.745-
1.116) 1.386) 1.509) 1.870) 1.453) 1.509) 1.251) 1.321)

53 -

54 p<0.05

55 "The suffix ‘a’ label denotes food outlet densities calculated within 10 minutes walking distance, and the suffix ‘b’

gs denotes food outlet densities calculated within 15 minutes walking distance.

58

59

60
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DISCUSSION

In summary, the association between density of food stores in the residential food
environment and VFI exists for subgroups that spend medium and long durations at home (i.e. at
least 6.5 hours in addition to time spent sleeping), but no associations exist for people that spend
the lowest amount of time at home. Also, no associations were detected in analyses using the full
sample. A plausible explanation for these observations is that people who spend more time at
home tends to make use of their local residential food outlets, while those who spend little time
at home may purchase food elsewhere as they spend their day in other locations. This is an
important finding since no previous studies have differentiated participants by duration of time
spent at home, and our study is the first to demonstrate that residential exposure duration may be
an important missing variable to identify hidden population patterns. In this study, we show that
adult time use can significantly vary across individuals and is a factor that can modify the food
environment-VFI association. Given that there are no other similar studies of VFI that have
accounted for time use, we cannot meaningfully compare our results to the associations found in
other studies at this point. Our study highlights the importance of understanding the duration of
residential exposure, and this has implications for future data collection in the context of

multilevel research of environmental effects on health.

Furthermore, our study illustrates that extending the network buffer from 10 minute to
15 minute walking distance has the effect of changing which predictors are significantly
associated with VFI. Further research needs to be done on optimum buffer sizes to investigate
access to the food environment. It should be noted that we did not have data on car ownership,

and thus cannot ascertain the mode of transportation taken to their local food store.

This study has a number of limitations. First, quality and pricing data for supermarkets
were not collected, both of which can affect customer shopping habits. For example, individuals
may be within close proximity of a supermarket but may be unable to afford the groceries, or the
quality of the fruits and vegetables may be poor. Second, the VFI outcome variable may be
subject to self-reporting and social desirability bias.[38] Our questions regarding VFI is based
on the Canadian Community Health Survey 2010, and participants of our study reported the

frequency per day of fruits and vegetable eaten rather than the number of servings consumed.
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The self-reported frequency measure may contribute to both under and over-reporting of food
intake behaviour. As such, it is difficult to determine the actual VFI and make comparisons to
Canada’s Food Guide.[28] Third, health-selected migration can occur when healthy individuals
are attracted to healthier areas. Similarly, businesses may be more inclined to target
neighbourhoods where people are perceived as living healthier lifestyles.[39] Thus, there is a
possibility for reverse-causation through the above processes. Fourth, this study is based on a
cross-sectional observational design and direct causation for the observed associations cannot be
verified except through future longitudinal studies. Fifth, there may be residential confounding
that we did not consider in our study, beyond what could be captured by self-rated health, such
as the presence of specific medical conditions that may impact VFI, individual mobility issues,

and dietary preferences.

Future research on the effects of the neighbourhood food environment on diet should pay
greater attention to adult time use. As noted in figure 1, older adults and those with lower
household income tend to spend more time at home, and thus they may be more vulnerable to
deficits in their residential environments. On the other hand, for adults that spend little time in
the home environment (i.e. under 6.5 hours per day not including sleep time), their residential
neighbourhood may have little relevance on their diet outcomes. Finally, future research should
also consider the effects of the non-residential food environment in addition to the residential

environment.
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Figure 1: Mean duration (in minutes) at home on an average weekday by age and income groups

(Canadian General Social Survey 2010) weighted N=28,075,610

Figure 2: Example of a network buffer for a 10 and 15 minute walking radius
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Figure 1: Mean duration (in minutes) at home on an average weekday by age and income groups (Canadian

General Social Survey 2010) weighted N=28,075,610
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We’ve ensured that all checklist items below have been included in our study.

STROBE Statement—checklist of items that should be included in reports of observational studies

Item
No Recommendation

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract
(b) Provide in the abstract an informative and balanced summary of what was done
and what was found

Introduction

Background/rationale 2 Explain the scientific background and rationale for the investigation being reported

Objectives State specific objectives, including any prespecified hypotheses

Methods

Study design 4 Present key elements of study design early in the paper

Setting Describe the setting, locations, and relevant dates, including periods of recruitment,
exposure, follow-up, and data collection

Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and methods of
selection of participants. Describe methods of follow-up
Case-control study—Give the eligibility criteria, and the sources and methods of
case ascertainment and control selection. Give the rationale for the choice of cases
and controls
Cross-sectional study—Give the eligibility criteria, and the sources and methods of
selection of participants
(b) Cohort study—For matched studies, give matching criteria and number of
exposed and unexposed
Case-control study—For matched studies, give matching criteria and the number of
controls per case

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect
modifiers. Give diagnostic criteria, if applicable

Data sources/ 8* For each variable of interest, give sources of data and details of methods of

measurement assessment (measurement). Describe comparability of assessment methods if there
is more than one group

Bias 9 Describe any efforts to address potential sources of bias

Study size 10 Explain how the study size was arrived at

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable,
describe which groupings were chosen and why

Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding

(b) Describe any methods used to examine subgroups and interactions

(c) Explain how missing data were addressed

(d) Cohort study—If applicable, explain how loss to follow-up was addressed
Case-control study—If applicable, explain how matching of cases and controls was
addressed

Cross-sectional study—If applicable, describe analytical methods taking account of
sampling strategy

(e) Describe any sensitivity analyses
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Participants

13*

(a) Report numbers of individuals at each stage of study—eg numbers potentially eligible,
examined for eligibility, confirmed eligible, included in the study, completing follow-up, and

analysed

(b) Give reasons for non-participation at each stage

(c) Consider use of a flow diagram

Descriptive
data

14*

(a) Give characteristics of study participants (eg demographic, clinical, social) and information

on exposures and potential confounders

(b) Indicate number of participants with missing data for each variable of interest

(¢) Cohort study—Summarise follow-up time (eg, average and total amount)

Outcome data 15%*

Cohort study—Report numbers of outcome events or summary measures over time

Case-control study—Report numbers in each exposure category, or summary measures of

exposure

Cross-sectional study—Report numbers of outcome events or summary measures

Main results

16

(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their
precision (eg, 95% confidence interval). Make clear which confounders were adjusted for and

why they were included

(b) Report category boundaries when continuous variables were categorized

(¢) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful

time period

Other analyses 17

Report other analyses done—eg analyses of subgroups and interactions, and sensitivity

analyses

Discussion

Key results 18  Summarise key results with reference to study objectives

Limitations 19  Discuss limitations of the study, taking into account sources of potential bias or imprecision.
Discuss both direction and magnitude of any potential bias

Interpretation 20  Give a cautious overall interpretation of results considering objectives, limitations, multiplicity

of analyses, results from similar studies, and other relevant evidence

Generalisability 21

Discuss the generalisability (external validity) of the study results

Other information

Funding

22

Give the source of funding and the role of the funders for the present study and, if applicable,

for the original study on which the present article is based

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and

unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at www.strobe-statement.org.
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ABSTRACT

Objective: There is a growing body of research that investigates the residential neighbourhood
context as it relates to individual diet. However, previous studies ignore participants’ time spent
in the residential environment and this may be a problem because time-use studies show that
adults’ time-use can significantly vary. To better understand the role of exposure duration, we
designed a study to examine ‘time spent at home’ as a moderator to the residential food
environment-diet association.

Design: Cross-sectional observational study

Settings: City of Toronto, Ontario, Canada

Participants: 2411 adults aged 25-65

Primary Outcome Measure: Frequency of vegetable and fruit intake (VFI) per day

Results: To examine how time spent at home may moderate the relationship between residential
food environment and VFI, the full sample was split into three equal subgroups - short, medium,
and long duration spent at home. We detected significant associations between density of food
stores in the residential food environment and VFI for subgroups that spend medium and long
durations at home (i.e. spending a mean of 8.0 and 12.3 hours at home respectively — no
including sleep time), but no associations exist for people that spend the lowest amount of time

at home (mean=4.7 hours). Also, no associations were detected in analyses using the full sample.

Conclusions: Our study is the first to demonstrate that time spent at home may be an important
variable to identify hidden population patterns regarding VFI. Time spent at home can impact
the association between the residential food environment and individual VFIL.

Strengths:

- our study extends the body of work on the effects of residential food environments on
diet by looking at the amount of time that participants spend at home

- previous studies ignore participants’ time spent at home, and this may be a problem
because adults’ time-use can significantly vary

Limitations:

- cross-sectional observational data limits the study’s ability to discern the direction of causation

- our outcome measure, vegetable and fruit intake, is based on the Canadian Community
Health Survey 2010, and participants self-reported the frequency per day of fruits and
vegetable eaten rather than the number of servings consumed. The self-reported
frequency measure may contribute to both under and over-reporting of food intake
behaviour.
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INTRODUCTION

Low vegetable and fruit intake (VFI) has been linked to a number of chronic diseases
including type II diabetes,[1 2] cardiovascular disease,[3 4] and breast,[5 6] esophageal and
colon cancers.[7 8] Individual level determinants of VFI have been well established in the
literature, where income and education are positively associated with VFI;[9-11] however, study
results of the association between VFI and its potential environmental determinants are decidedly
mixed. Research on the food environment has explored the impacts of food retailers on VFI (e.g.
supermarkets, fast food outlets, and convenience stores). Studies have shown that living in
proximity to supermarkets is associated with improved diet outcomes,[12-19] and poor diet
outcomes.[20 21] Some studies also show no association between residential proximity to food

vendors and VFL.[22 23]

Along with the inconsistent findings described above, the research is also characterized
by a lack of consideration to individuals’ duration of exposure to their neighbourhood context.
By ignoring the temporal dimension of exposure, previous studies may have unintentionally
introduced measurement bias because exposure duration may significantly differ between
participants. There is a dearth of studies that have explored this problem using multilevel
analyses of neighbourhood effects on individual health outcomes. Chum and O’Campo[24]
found that the use of time-weighted multilevel regressions to account for duration of exposure
resulted in 1) improved strength of association and ii) improved model fit in models of the
association between neighbourhood-level factors (including road traffic, access to supermarkets,
and fast food restaurants) and cardiovascular disease risk compared to typical multilevel models
that do not account for time. There is also evidence to suggest that time spent in the residential
neighbourhood varies. According to the 2010 Canadian General Social Survey (CGSS) public
use microdata,[25] time spent at home differs significantly by age and income: analysis of
variance shows that total minutes spent at home on a typical weekday differs significantly by age
groups and income groups (p<0.01). Figure 1 illustrates an increase in time spent at home for
older age groups. Although those with lower incomes spend more time at home compared to

those in higher income brackets, the income effect is diminished with increased age.

Figure 1: Mean duration (in minutes) at home on an average weekday by age and income groups

(Canadian General Social Survey 2010) weighted N=28,075,610
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There are a number of studies that examine individuals’ exposure to the non-residential food
environment and its effect on diet.[26-28] However, the non-residential environment may be less
important for those that spend a significant amount of time at home (e.g. individuals in low
income and higher age brackets). In fact, Thornton et al[28] examined potential effect
modification by employment status on the association between food environment and diet, since

time spent at home may differ by employment status.

Given the variability of time spent at home between individuals, accounting for
individuals’ time use may help us avoid model misclassification by better quantifying exposure
to the residential food environment. We hypothesize that people who spend more time in their
home environments would rely more heavily on their local food vendors. For those that spend
less time outside the home, the significance of exposure to the residential food environment may
be more pronounced. Therefore, a stronger association between residential food environment and
VFI may exist for those who spend more time at home compared to those who spend less time at
home. Our study answers the following research questions to explore this potential dose-

response relationship:

1) Does an association exist between the residential food environment and VFI?

2) Is the strength of the association between the residential food environment and VFI stronger
for people who spend more time at home?

MATERIALS AND METHODS
Data Sources

Project NEHW (Neighbourhood Effects on Health and Wellbeing) is a cross-sectional
investigation of neighbourhood-level determinants of population health that used a three-staged
sampling method. In the first stage, 50 city-delineated neighbourhood planning areas (NPA)
were randomly selected out of a total of 140 NPAs. In the second stage, 1-2 census tracts (CT)
were randomly selected from each of the 50 NPAs sampled, resulting in 87 randomly selected
CTs. Lastly, within the 87 CTs, approximately 30 individuals were randomly selected based on
residential address. Eligibility criteria are as follows: i) only 1 resident per household, ii)
participants are aged 25 to 65, iii) able to communicate in English, and iv) lived in the

neighbourhood for at least 6 months. The response rate was 72%.
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Data collection took place between March 2009 and June 2011. 2411 individuals,
representing 87 CTs, participated in the study. Data were obtained from in-person interviews,
and participants provided written informed consent at the time of their interview. The Research
Ethics Board at St Michael’s Hospital in Toronto, Canada provided ethics approval for this
study. To ensure the generalizability of our findings, and that it is representative of our target
population, post-stratification weights were created based on demographic characteristics from
the 2006 Canadian Census data for Toronto including sex, total household income, household
size, immigrant status, and age. More information about the study methods can be found in a

previously published paper.[24]

Dependent Variable

The primary outcome measure is frequency of VFI, and was assessed using questions
from the U.S. Behavioural Risk Factor Surveillance System.[29] The same questions are also
found in the Canadian Community Health Survey (2010).[30] Six questions, similar to questions
in a food frequency questionnaire, were asked to determine total frequency of intake for
vegetables and fruits.[31 32] Intake was calculated by adding the frequency of intake of fruit,
fruit juice, green salad, carrots, potatoes (not including French fries, fried potatoes or potato
chips), and other vegetables. VFI is based on self-reported data. Since VFI is non-normally
distributed with a positive skew, for the purposes of regression analysis, we categorized VFI into
either “less than five times” or “greater than or equal to five times” per day. These categories of
VFI have been used in previous studies.[31 32] Frequency of intake was structured around the
recommendations of Canada’s Food Guide whereby one instance of VFI was considered to be
one serving, and less than 5 servings a day is below recommendation.[33] While frequency of
intake may not necessarily equal the number of servings, for the purpose of this study it is treated

roughly in the same manner, following the convention of previous studies.[31 32]

Independent Variables

Toronto Public Health’s Toronto Healthy Environments Inspection System (THEIS)
(2012),[34] provided the location of all food outlets. Within the THEIS database, the type of
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food retailer was used to examine food access in residential environments. Fast food, healthy
food retailers, and less healthy food stores were used in this study. Fast food restaurants were
classified as a restaurant, food court vendor, cafeteria, food take out, ice cream/yogurt vendor, or
hot dog cart. These restaurants were also required to have takeout options available, limited or no
wait staff, and customers having to pay prior to receiving food. If the restaurant had restricted
access to the public they were removed (e.g. food outlets in arenas where patrons must pay

admission to access the food outlet).

Healthier food retail was classified as a food store (convenience/variety or supermarket)
that sells a significant quantity and diversity of vegetables and/or fruit. If these food outlets did
not meet the definition for healthy food retail, they were classified as a less healthy food store.
These are typically convenience stores that primarily sell packaged snacks with low nutritional
value. To account for retail locations outside of the City of Toronto in bordering municipalities,
additional fieldwork was completed to ensure all food outlets within 1km of the residential

addresses were included in the analysis.

The rationale for examining the relationship between VFI and i) unhealthy food stores
and 1ii) fast food restaurants was informed by several studies that have found an association
between increased density of these stores and a reduction in vegetable and fruit intake/purchases.
[35 36] Bowman et al [35]found that the mean grams of fruit and non-starchy vegetable intake,
was 148g (standard error = 5g) when no fast food was consumed versus 103g (standard error =
6g) when fast food was consumed during the intake period (significantly different at the level p<
.0001). Mason et al [36] also found reduced odds of purchasing fruits and vegetables above the
median amount for participants in areas with higher density of fast food restaurants and

convenience stores (OR=0.74; p<0.05).

Geographic Information Systems (GIS) were used to characterize the food environment
of our study area. Our measure of residential food outlet availability was created based on a
review of GIS methods to measure food environments,[37] where density of food stores within a
buffer around an individual’s residence (constructed based on 10-15 minutes walking distances)
is a commonly accepted measure. In a field study of walking speeds of the general adult
population using mobile accelerometers,[38] the median adult walking speed is 1.25

metres/second (interquartile range=0.12), and speed declines with age at the rate of -0.0037
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metres/second per year between the ages of 20-60. However, speed was not significantly
associated with other individual characteristics including gender, BMI, and blood pressure.
Based on these results, we estimated buffers for distances that would be reachable in a 10 and 15
minute walk from the residence of each participant. The buffers created for this study were based
on network service areas around each respondent’s homes. Network service area is the travelable
distance created using street network data (Figure 2).[39-41] Densities for 10 and 15 minute
walking distance buffers were calculated in GIS for the number of fast food, less healthy, and

healthy food outlets in each of the participant’s walking buffers.
Figure 2: Example of a network buffer for 10 and 15 minute walk
Covariates

A number of individual level covariates are included in the models to adjust for potential
confounding. The following categorical variables were examined: age (25-34, 35-44, 45-54, or
55-65), gender, marital status (married/common-law, or single), education (high school or less,
some college, completed college), self-rated health (poor, fair, good, and very good/excellent),
and family income (quintiles). While ethnicity/race is examined in bivariate analysis (i.e. white,
black, south Asian, south-east Asian, West Asian, or other), only visible minority status (i.e.
white vs. others) was used instead of more detailed ethnicity categories in multivariable models

due to cell size limitations.

Time Spent at Home

Individual level data collected from Project NEWH participants provided self-reported
time spent at work and time spent sleeping, but not time spent at home. The average of time
spent at home per day was estimated based on individual demographic characteristics and time
spent at work using the 2010 Canadian General Social Survey (CGSS) through a multivariate
regression model. This method was used to derive time spent at home, and was previously used
in a peer-reviewed study.[24] Data were extracted from the CGSS for adults age 25-65 in urban
areas. Time spent at home (dependent variable) was modeled using the following independent
variables: age, education level, income, gender, marital status, having children under 5, and

minutes spent at work. All the above predictors were significantly associated with the time spent
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at home (p < 0.01). The final model had an adjusted r* of 0.40. Beta coefficients from the
regression using the CGSS data were used to estimate individual time spent at home for the
Project NEWH participants. For example, starting with the intercept of 1325.15 minutes, 1) for
every minute spent at work 0.68 fewer minutes were spent at home, ii) females spent 37.34 more
minutes at home compared to males, iii) persons with children under 6 spent 30.93 more minutes
compared to those without, et cetera. Finally, we subtracted out individuals’ sleeping duration
from the total time at home because individuals have no chance of contact with their residential

food environment while they are sleeping.
Statistical analysis

This analysis started by evaluating the bivariate relationships between predictors and the
VFI outcome using 1) Kruskal-Wallis non-parametric 1-way ANOVA to compare the mean VFI
per day between the categorical predictors, and ii) Xz test to compare the categorical predictors to
the proportion of individuals that ate fruits and vegetables at least 5 times per day (see Table 1).
For multivariate multilevel modeling, we used the binary outcome (VFI at least 5 times per day
vs. not), because 1) the positive skew in the continuous outcome can impact model stability and
i1) this binary outcome has been used in previous models of the impact of individuals factors on

VFL[31 32]

Since the data has a two-level structure, with individuals nested in CTs, multilevel
logistic regression is used to account for the lack of spatial independence.[42] To examine how
time spent at home may moderate the relationship between residential food environment and
VFI, the full sample was split into three equal subgroups - short, medium, and long duration
spent at home, for separate analysis. Eight models are described in this paper. Models 1a and 1b
examine the full sample (n=2411). Models 2a and 2b examine the subgroup (n=804) that spends
the least amount of time at home (0-6.5 hours/day, mean=4.7 hours), 3a and 3b examine the
subgroup (n=804) that spends a medium amount of time at home (6.51-9.7 hours/day, mean=8.0
hours), and 4a and 4b examine the subgroup (n=803) that spends the highest amount of time at
home (>9.7 hours/day, mean=12.3 hours). Models with the “a” suffix calculates food outlet
density using the 10 minute walking distance network buffer, and models with the “b” suffix
uses the 15 minutes walking distance network buffer. All models adjusted for the effects of

gender, age, education, marital status, family income, self-rated health, and visible minority
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status. The binomial outcome of “eating at least 5 fruits or vegetables” is modeled using

multilevel logistic regression with random intercept using PROC GLIMMIX in SAS 9.3.

RESULTS

Participants in Project NEHW were 53% female, and 44% visible minority, with a mean
age of 44 years (Table 1) and a mean after-tax family income of $91,330 (median=$71,000). The
proportion of those eating at least five VFI per day differed significantly by gender, age,
education, employment status, marital status and income in bivariate analysis (p < 0.05). The
estimated time spent at home was significantly higher for females, the elderly, those with lower
levels of education, those who are unemployed or not in the workforce, those who are divorced

or separated, and those in the lowest income brackets.

Table 1. Sample Characteristics and associations between covariates, VFI, and time spent at home

in minutes (n=2411)

n Mean of Kruskal- Proportion chi square Estimated 1-way
(proportion | Fruit and Wallis 1- eating 5 or p-value mean time ANOVA p-
percentage) | Vegetable way more Fruits spent at value
Intake per ANOVA and home (in
day Vegetables minutes)
p-VaIue per day
Gender <0.0001 <0.0001 <.0001
Male 1,118 4.20 25.6% 453.98
(46.4%)
Female 1,293 4.59 34.6% 530.43
(53.6%)
Age 0.424 0.0001 <.0001
25-34 529 (21.9%) | 4.24 29.4% 411.18
35-44 742 (30.8%) | 4.42 27.9% 492.11
45-54 714 (29.6%) | 4.42 29.6% 505.00
55-65 426 (17.7%) | 4.52 37.4% 550.08
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Education <0.0001 <0.0001 <.0001
Less than High 95 (3.9%) 4.52 31.5% 631.88
School
High School 389 (16.2%) | 3.9 23.9% 529.42
Post-Secondary 1,409 4.33 30.0% 484.37
Degree/Diploma (58.5%)
Graduate Degree | 514 (21.4%) | 4.66 35.9% 479.56
Employment 0.0003 0.0104 <.0001
Status
Employed 1,618 4.25 28.8% 407.42
(67.1%)
On Temporary 352 (14.6%) | 4.54 34.0% 453.90
Leave
Unemployed 228 (9.5%) 4.84 39.1% 663.98
Not looking for 212 (8.8%) 4.25 27.5% 717.86
work
Marital Status 0.0223 <0.0001 0.0043
Married/Common 1,542 4.42 32.6% 494.24
law (63.9%)
328 4.27 26.7% 519.65
Separated/Divorced | (13.6%)
Widowed 42 (1.7%) 5.17 52.0% 474.40
Never Married 500 (20.7%) | 4.16 27.7% 485.76
Income 0.0058 0.0002 <.0001
$39,000 or less 697 (28.9%) | 4.13 251% 578.64
$40,000 to 584 (24.2%) | 4.34 30.7% 496.42
$70,999
$71,000 to 523 (21.7%) | 4.42 32.8% 447.10

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 10 of 23

ybuAdoo Aq pajaalold 1senb Aq £Z0z ‘6T udy uo /wod g uadolwgy/:dny wolj papeojumod "STOZ aunt ¥ Uo 00Z900-+T0Z-uadolwa/9eTT 0T Se paysiignd 1s1y :uado rINg


http://bmjopen.bmj.com/

Page 11 of 23

©CoO~NOUTA,WNPE

BMJ Open
$109,999
$110,000 or more | 606 (25.1%) | 4.53 34.3% 438.65
Ethnicity 0.0015 0.0021 0.5090
White 1349 4.49 32.8% 493.17
(56.0%)
Black 339 (14.1%) | 4.24 30.2% 524.03
East Asian 221(9.2%) | 4.29 27.3% 497.24
South Asian 224 (9.3%) | 4.03 23.4% 488.84
Aboriginal 18 (0.7%) 4.54 42.3% 526.12
West Asian 52 (2.2%) 4.26 26.1% 427.47
Latin 130 (5.4%) | 3.68 21.9% 487.21
Other 77 (3.2%) 4.50 34.9% 462.42

All models to follow have been adjusted for the effects of gender, age, education, self-
rated health, marital status, visible minority status, and family income. For models where we
disregarded time spent at home, no significant associations were found between the food
environment and VFI. This was true for food store density measured at scales of both 10 minute
and 15 minute walking distances (see Table 2 - model 1a and 1b). Next, we conducted subgroup
analyses where we divided the full sample of participants into three equal groups with different
amounts of time spent at home (low, medium and high). For individuals that spent the least
amount of time at home (models 2a & 2b), no significant associations were found between the

food environment variables and VFL

For individuals who spent a medium amount of time at home, model results differed by
buffer size. At the 10 minute buffer, residents with zero less healthy food stores compared to
those with three or more, had 38% increased odds (p<0.05) of having five or more VFIs per day

(model 3a). Within the 15 minute buffer, individuals with three or more healthier food stores
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compared to those with zero, had 36% increased odds (p<0.05) of having five or more VFIs per

day (model 3b).

For individuals that spent the highest amount of time at home, model results also differed
by buffer size. At the 10 minute buffer, residents with access to three or more healthier food
stores compared to those with none, had 29% increased odds (p<0.05) of having five or more
VFIs per day. In addition, residents with zero less healthy food stores compared with three or

more, had 38% increased odds (p<0.05) of having five or more VFIs per day (model 4a).

Within the 15 minute buffer, residents with ‘two healthy food stores’ and ‘three or more
healthy food stores’ compared with zero, both had 61% increased odds (p<0.05) of having five
or more VFIs per day. In addition, residents with access to zero or one fast food stores compared
with three or more had 28% and 27% increased odds (p<0.05) of having five or more VFIs per
day, respectively (model 4b).

Table 2. Multilevel logistic regression to examine the association between food environment (10 and
15 minute walking distance network buffers) and the odds of eating five vegetables and fruits per

day adjusting for gender, age, education, self-rated health, marital status, visible minority status,
and family income.
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Full sample (n=2411) Subgroup A: spending a | Subgroup B: spending a Subgroup C:
mean of 4.7 hours at mean of 8 hours at spending a mean of
home home 12.3 hours at home
(n=804) (n=804) (n=803)
Model 1a* | Model 1b* | Model 2a* | Model 2b* | Model 3a* | Model 3b* | Model 4a* | Model 4b"
Odds ratios (95% confidence interval)
Healthier
(ref=no stores)
1 store 0.843 1.430 0.964 1.544 0.788 0.888 0.825 0.972
(0.494- (0.955- (0.553- (0.948- (0.535- (0.654- (0.596- (0.563-
1.438) 2.141) 1.681) 2.515) 1.161) 1.206) 1.141) 1.679)
2 stores 1.042 1.313 0.729 1.285 1.083 1.172 1.159 1.606
(0.819- (0.867- (0.477- (0.970- (0.732- (0.943- (0.765- (1.082-
1.326) 1.988) 1.113) 1.701) 1.601) 1.457) 1.757) 2.385)*
3 or more stores | 1.249 1.184 1.109 0.774 1.139 1.362 1.291 1.614
(0.796- (0.942- (0.773- (0.354- (0.908- (1.030- (1.048- (1.108-
1.958) 1.489) 1.591) 1.691) 1.917) 1.801)* 1.590)* 2.352)*
Less Healthy
(ref=3+ stores)
0 stores 1.045 1.045 1.019 1.012 1.377 1.014 1.381 1.025
(0.710- (0.710- (0.711- (0.690- (1.041- (0.709- (1.043- (0.716-
1.537) 1.537) 1.459) 1.483) 1.823)* 1.451) 1.829)* 1.467)
1 store 1.043 0.985 1.003 0.964 1.192 0.985 1.191 0.990
(0.621- (0.576- (0.610- (0.566- (0.958- (0.600- (0.956- (0.604-
1.750) 1.685) 1.649) 1.644) 1.483) 1.616) 1.484) 1.625)
2 stores 0.985 1.043 1.000 1.024 0.895 1.003 0.895 1.015
(0.576- (0.621- (0.608- (0.612- (0.659- (0.611- (0.659- (0.617-
1.685) 1.750) 1.646) 1.714) 1.217) 1.648) 1.218) 1.668)
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1

2

3 Fast food

4 (ref=3+ stores)

S 0 stores 1.082 1133 1175 1.658 1.365 1.175 1.227 1.281

6 (0.731- (0.665- (0.810- (0.930- (0.940- (0.810- (0.862- (1.037-

7 1.601) 1.931) 1.703) 2.955) 1.982) 1.703) 1.745) 1.583)*

8 1store 1.070 1.124 1.126 1.299 1.380 1.126 1.235 1.267

9 (0.796- (0.811- (0.648- (0.979- (0.862- (0.648- (0.760- (1.027-
10 1.439) 1.558) 1.957) 1.723) 2.209) 1.957) 2.005) 1.563)*
11 2 stores 0.865 0.970 0.874 1.003 0.864 0.874 0.763 0.992

12 (0.670- (0.679- (0.506- (0.538- (0.514- (0.506- (0.466- (0.745-
13 1.116) 1.386) 1.509) 1.870) 1.453) 1.509) 1.251) 1.321)

14 * p<0.05

15 .

16 The suffix ‘a’ label denotes food outlet densities calculated within 10 minutes walking distance, and the suffix ‘b’
17 denotes food outlet densities calculated within 15 minutes walking distance.

18

19

20

21 DISCUSSION

22

23 W . . . .

24 In summary, the association between density of food stores in the residential food
gg environment and VFI exists for subgroups that spend medium and long durations at home (i.e. at
% least 6.5 hours in addition to time spent sleeping), but no associations exist for people that spend
29 the lowest amount of time at home. Also, no associations were detected in analyses using the full
30

31 sample. A plausible explanation for these observations is that people who spend more time at
gé home tend to make use of their local residential food outlets, while those who spend little time at
gg home may purchase food elsewhere as they spend their day in other locations. This is an
36 important finding since no previous studies have differentiated participants by duration of time
37

38 spent at home, and our study is the first to demonstrate that residential exposure duration may be
39 . .. . . . . . .

40 an important missing variable to identify hidden population patterns. In this study, we show that
j; adult time use can significantly vary across individuals and is a factor that can modify the food
43 environment-VFI association. Given that there are no other similar studies of VFI that have
44

45 accounted for time use, we cannot meaningfully compare our results to the associations found in
46 . ) ) C ) . )

47 other studies at this point. Our study highlights the importance of understanding the duration of
jg residential exposure, and this has implications for future data collection in the context of
gg multilevel research of environmental effects on health.

52 . . . .
53 In Thornton et al,[28] employment status was examined for potential effect modification
gg on the association between residential food environment and diet, since people not in the
gs workforce spend more time at home compared to employed people.[27] In other words,
58

59

60
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individuals not working may spend less time in the non-residential food environment. Thornton
et al. found that supermarkets within 2km of the home were positively associated with vegetable
intake, but employment status did not modify this association. In contrast, our study finds that
the associations between food environment and VFI were significantly modified by time spent at
home. While employment status is significantly associated with time spent at home according to
the CGSS (2010) - where full-time workers, part-time workers, and those without regular
employment spend a mean of 887, 1021, and 1178 minutes at home respectively (1-way
ANOVA, p<0.01) - only 11.7% of the variance (nz) in time spent at home can be explained by
employment status. Our regression-based estimation of time spent at home used multiple
predictors, including 1) gender, 1i) marital status, iii) age, iv) education, v) parenthood status, vi)
income, and vii) time spent at work, which explained 40% of the variance in time spent at home
(in the CGSS 2010 data). While Thornton et al. did not find a significant effect modification by
employment status, our study found an effect modification by time spent at home, which may be

due to the technique used to estimate residential exposure.

Furthermore, our study illustrates that extending the network buffer from 10 minute to
15 minute walking distance has the effect of changing which predictors are significantly
associated with VFI. Further research needs to be done on optimum buffer sizes to investigate
access to the food environment. It should be noted that we did not have data on car ownership,

and thus cannot ascertain the mode of transportation taken to their local food store.

This study has a number of limitations. First, quality and pricing data for supermarkets
were not collected, both of which can affect customer shopping habits. For example, individuals
may be within close proximity of a supermarket but may be unable to afford the groceries, or the
quality of the fruits and vegetables may be poor. Second, the VFI outcome variable may be
subject to self-reporting and social desirability bias.[43] Our questions regarding VFI is based on
the Canadian Community Health Survey 2010, and participants of our study reported the
frequency per day of fruits and vegetables eaten rather than the number of servings consumed.
The self-reported frequency measure may contribute to both under and over-reporting of food
intake behaviour. As such, it is difficult to determine the actual VFI and make comparisons to
Canada’s Food Guide.[31] Third, health-selected migration can occur when healthy individuals

are attracted to healthier areas. Similarly, businesses may be more inclined to target
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neighbourhoods where people are perceived as living healthier lifestyles.[44] Thus, there is a
possibility for reverse-causation through the above processes. Fourth, this study is based on a
cross-sectional observational design, and direct causation for the observed associations cannot be
verified except through future longitudinal studies. Fifth, there may be residential confounding
that we did not consider in our study, beyond what could be captured by self-rated health, such
as the presence of specific medical conditions that may impact VFI, individual mobility issues,

or dietary preferences.

Future research on the effects of the neighbourhood food environment on diet should pay
greater attention to adult time use and duration of exposure to various environments. Our study
highlights the importance of ensuring adequate access to healthy food stores, especially in areas
with vulnerable populations that spend significantly higher amounts of time within their
residential neighbourhoods (e.g. individuals who are unemployed or not in the workforce, elderly
individuals, and low-income individuals). Neighbourhood-based strategies that change the food
environment may be especially beneficial to vulnerable populations that spend more time at
home. Public health practitioners may find value in considering the amount of time residents
spend at home, and tailoring interventions to individual time use patterns. Future research should

consider time spent in both non-residential and residential environments.
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Figure 2: Example of a network buffer for a 10 and 15 minute walking radius
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We’ve ensured that all checklist items below have been included in our study.

STROBE Statement—checklist of items that should be included in reports of observational studies

Item
No Recommendation

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract
(b) Provide in the abstract an informative and balanced summary of what was done
and what was found

Introduction

Background/rationale 2 Explain the scientific background and rationale for the investigation being reported

Objectives State specific objectives, including any prespecified hypotheses

Methods

Study design 4 Present key elements of study design early in the paper

Setting Describe the setting, locations, and relevant dates, including periods of recruitment,
exposure, follow-up, and data collection

Participants 6 (a) Cohort study—Give the eligibility criteria, and the sources and methods of
selection of participants. Describe methods of follow-up
Case-control study—Give the eligibility criteria, and the sources and methods of
case ascertainment and control selection. Give the rationale for the choice of cases
and controls
Cross-sectional study—Give the eligibility criteria, and the sources and methods of
selection of participants
(b) Cohort study—For matched studies, give matching criteria and number of
exposed and unexposed
Case-control study—For matched studies, give matching criteria and the number of
controls per case

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect
modifiers. Give diagnostic criteria, if applicable

Data sources/ 8* For each variable of interest, give sources of data and details of methods of

measurement assessment (measurement). Describe comparability of assessment methods if there
is more than one group

Bias 9 Describe any efforts to address potential sources of bias

Study size 10 Explain how the study size was arrived at

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable,
describe which groupings were chosen and why

Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding

(b) Describe any methods used to examine subgroups and interactions

(c) Explain how missing data were addressed

(d) Cohort study—If applicable, explain how loss to follow-up was addressed
Case-control study—If applicable, explain how matching of cases and controls was
addressed

Cross-sectional study—If applicable, describe analytical methods taking account of
sampling strategy

(e) Describe any sensitivity analyses
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Participants

13*

(a) Report numbers of individuals at each stage of study—eg numbers potentially eligible,
examined for eligibility, confirmed eligible, included in the study, completing follow-up, and

analysed

(b) Give reasons for non-participation at each stage

(c) Consider use of a flow diagram

Descriptive
data

14*

(a) Give characteristics of study participants (eg demographic, clinical, social) and information

on exposures and potential confounders

(b) Indicate number of participants with missing data for each variable of interest

(¢) Cohort study—Summarise follow-up time (eg, average and total amount)

Outcome data 15%*

Cohort study—Report numbers of outcome events or summary measures over time

Case-control study—Report numbers in each exposure category, or summary measures of

exposure

Cross-sectional study—Report numbers of outcome events or summary measures

Main results

16

(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their
precision (eg, 95% confidence interval). Make clear which confounders were adjusted for and

why they were included

(b) Report category boundaries when continuous variables were categorized

(¢) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful

time period

Other analyses 17

Report other analyses done—eg analyses of subgroups and interactions, and sensitivity

analyses

Discussion

Key results 18  Summarise key results with reference to study objectives

Limitations 19  Discuss limitations of the study, taking into account sources of potential bias or imprecision.
Discuss both direction and magnitude of any potential bias

Interpretation 20  Give a cautious overall interpretation of results considering objectives, limitations, multiplicity

of analyses, results from similar studies, and other relevant evidence

Generalisability 21

Discuss the generalisability (external validity) of the study results

Other information

Funding

22

Give the source of funding and the role of the funders for the present study and, if applicable,

for the original study on which the present article is based

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and

unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at www.strobe-statement.org.
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