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Abstract

Objective: To examine the associations of changes in the local food environment,
individual behaviours and perceptions with changes in dietary intake, following
relocation from an established neighbourhood to a new residential development.
Design: Spatial food environment exposure measures were generated relative to
each participant’'s home address using the locations of food outlets at baseline
(before moving house) and follow-up (1-2 years after relocation). Self-reported
data on socio-demographics, self-selection, usual dietary intake, individual behav-
iours and perceptions of the local food environment were sourced from the
RESIDential Environments (RESIDE) Project. Changes in spatial exposure mea-
sures, individual behaviours and perceptions with changes in dietary outcomes
were examined using mixed linear models.

Setting: Perth, Western Australia, 2003-2007.

Participants: Adults (n 1200) from the RESIDE Project.

Results: Moving to a new residential development with more convenience stores
and café restaurants around the home was significantly associated with an increase
in unhealthy food intake (f = 0-049, 95 % CI 0-010, 0-089; = 0-020, 95 % CI 0-007,
0-033) and was partially mediated by individual behaviours and perceptions.
A greater percentage of healthy food outlets around the home following relocation
was significantly associated with an increase in healthy food (= 0-003, 95 % CI
0-001, 0-005) and fruit/vegetable intake (= 0-002, 95 % CI 0-001, 0-004).
Conclusions: Policy and planning may influence dietary intakes by restricting the
number of convenience stores and other unhealthy food outlets and increasing the
relative percentage of healthy food outlets.
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The residential neighbourhood in which people live has
the potential to influence diet intake by providing environ-
ments that can support either healthy or unhealthy dietary
behaviours™™. There is some evidence to suggest exposure
to unhealthy food outlets selling mostly processed, energy-
dense foods such as fast food outlets, takeaways, café res-
taurants and convenience stores may promote unhealthy
dietary behaviours®®, whilst exposure to healthy food
outlets selling fresh produce, fruit and vegetables (i.e.
supermarkets and greengrocers) may support healthy
dietary behaviours®. Therefore, creating neighbourhoods
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that provide opportunities to purchase healthy food and
limit exposure to unhealthy food represents a potential
strategy for addressing the current obesity epidemic(®.
Understanding how individuals interact with their envi-
ronment is crucial for informing public health strategies
aimed at improving dietary intakes and reducing obesity.
The current ecological approach to understanding dietary
intakes recognises that what people eat is the result of com-
plex interactions between multiple factors including a range
of social, individual and environmental determinants?.
As outlined in their model, Glanz et al.’" propose that the
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relationship between the local food environment (i.e. loca-
tion, type and mix of food outlets around the home) and
dietary patterns can be moderated or mediated by a range
of individual variables including demographic, psychosocial
or perceived environment variables.

To date, reviews show a lack of clear evidence for a link
between the local food environment and diet, with most
research being cross-sectional with mixed findings”®.
Stronger evidence linking changes in the local food envi-
ronment with changes in dietary behaviours is needed to
inform urban design policies and planning regulations.
The few natural experiments investigating the ‘before-
and-after’ effects of changes to the local food environment
show little influence on diet®!'®. However, these studies
focused mainly on how opening a new supermarket
influences fruit and vegetable intake of people from pre-
dominantly low socio-economic areas within the UK and
US. Furthermore, research examining the impact of resi-
dential relocation on health and behaviour has been limited
to physical activity’*!> and body weight outcomes®17,
Longitudinal studies linking changes in the local food
environment to changes in diet provide high-quality evi-
dence but remain limited 82, Indeed, these studies show
some evidence that increased numbers of fast food outlets
and convenience stores around the home may contribute
to a lower diet quality and increased unhealthy food
intake™2V_ Yet, none of these studies simultaneously
examined the role of individual and environmental factors
on dietary intake. Therefore, studies examining how
changes in the local food environment are related to
changes in dietary intake, and what mediates these
relationships, are needed to improve our conceptual
understanding of the role environmental factors play in
influencing dietary intake.

In Perth, Western Australia, the RESIDential Environments
(RESIDE) Project provided a unique opportunity to study
the effect of residential relocation on dietary intake.
RESIDE was a longitudinal natural experiment from 2003
to 2012 of people relocating from their home within an
established neighbourhood into one of the seventy-three
new residential developments®?. New developments were
typically located in outer suburban, greenfield areas and infill
locations (i.e. brownfield sites), further from the Perth Central
Business District. Compared with established neighbour-
hoods, the local food environments within new develop-
ments were characterised by a lower percentage of
healthy food outlets (including supermarkets and green-
grocers) and greater distances from home to the nearest
supermarket/greengrocer®. These findings suggest that
people relocating from an established neighbourhood to a
new development may experience a change in their local
food environment with fewer opportunities to purchase
healthy food and greater exposure to unhealthy food, and
this change may impact their dietary behaviours.

This study uses data from two points of the RESIDE
project to examine the influence of changes in individual
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behaviours, perceptions and spatial exposure to the local
food environment on changes in dietary intake following
relocation (i.e. relocating from an established neighbour-
hood to a new residential development). It is hypothesised
that (1) after controlling for socio-demographics and self-
selection, people relocating to new developments with
increased proximity and density of unhealthy food outlets
and a lower percentage of healthy food outlets will have
poorer diets, and (2) these relationships will be mediated
by changes in individual behaviours and perceptions of
the local food environment.

Methods

Sample and data collection

The RESIDE project is a longitudinal natural experiment
from 2003 to 2012 of people who relocated from their
home within an established neighbourhood into one of the
seventy-three new residential developments across Perth,
Western Australia. Full details of the sample procedures
are provided elsewhere®?. In brief, people identified as
building homes within new developments were invited
to participate (response rate 33-4 %). In total, 1811 adults
were recruited into the study at baseline. Participants com-
pleted a self-reported questionnaire on physical activity,
health, lifestyle behaviours, perceptions, usual food intake
and socio-demographic variables at four time points: T1
prior to relocating (baseline: 2003-2005), T2 (1-2-years post
move: 2004-2006), T3 (2-3 years post move: 2006-2008)
and T4 (6-9 years post move: 2011-2012).

The current study draws on data from 1811 participants
who completed T1 and 1464 participants who completed
T2 and was restricted to those who moved from their house
located in an established neighbourhood at T1 into a new
development at T2 (n 1225; 68%). The remaining 239
participants, who were excluded, did not move house
between T1 and T2, or moved elsewhere (i.e. outside
the study area or into an established area). A further
twenty-five participants were omitted because they did
not provide complete dietary data (2 18) or participant
characteristics (n 7), resulting in a final sample of 1200.
The date of T1 questionnaire completion ranged from
September 2003 to September 2005, and the date of T2
questionnaire completion was July 2004—February 2007.
Overall, 91-4 % of participants completed their T2 question-
naire within 6-18 months after moving into their new
house.

Measures

Dietary outcomes

The RESIDE project collected dietary data across the four
time points (T1, T2, T3 and T4) in varying detail. The most
comprehensive dietary data were obtained at the fourth
time point (T4). At T1 and T2, a subset of six dietary
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questionnaire items were collected: (1) How many serves
of vegetables do you usually eat each day (including fresh,
frozen and tinned)?; (2) How many serves of fruit do you
usually eat each day (including fresh, dried, frozen and
tinned fruit)?; (3) How often do you eat red meat (beef,
lamb and kidney but not pork or ham) including all mini-
mally processed forms of red meat such as chops, steaks,
roasts, rissoles, mince, stir-fries and casseroles?; (4) How
often do you eat chips, French fries, wedges, fried potatoes
or crisps?; (5) How often do you eat meat products such as
sausages, frankfurters, polony, meat pies, bacon or ham?
and (6) What type of milk do you usually consume? Fruit
and vegetable intakes were rated on a scale from 0 to 5
(0=do not eat to 5=06 serves or more). The frequency
of intake for items 3, 4 and 5 was rated from 0 to 6
(0 =never to 6 = most days, i.e. 6-7 d/week). Item 6, milk
type, was coded 0 =whole (full cream), 1= other (soya,
lactose free, low or reduced fat, do not drink milk)
and 2 = skim.

Using the above six dietary questionnaire items, and a
previously described approach®® an a priori diet quality
score (the simple RESIDE dietary guideline index or
S-RDGI1) was calculated to assess diet quality in this study
at'T1 and T2. In brief, at T4, a diet quality index (RDGI) was
derived using the most comprehensive dietary data avail-
able. A multiple linear regression model was then fitted
using the RDGI scores (dependent variable) and the scores
of the subset of six dietary questionnaire items (indepen-
dent variables), from which the estimated regression equa-
tion was used to predict the dependent variables (S-RDGI1)
at T1 and T2 when only the independent variables (six
subset of scores) were known.

Diet quality scores ranged from 0 to 100 with higher
scores reflecting a better diet quality. Diet quality indices
combine the healthy and unhealthy aspects of diet within
a single construct, and there may be many ways to achieve
a middle score. Therefore, in addition to the overall
diet quality score, the raw frequencies of those foods
recommended by the Australian Dietary Guidelines® to
increase in the diet (items 1, 2 and 6) were summed to
create a ‘healthy’ component score (range =0-12) with
higher numbers reflecting a healthier diet and the raw
frequencies of those foods recommended to limit in the diet
(items 3, 4 and 5) were summed to create an ‘unhealthy’
component score (range =0-18) with higher numbers
reflecting an unhealthier diet. The raw frequency catego-
ries for fruit and vegetable intake were also summed to
create a single measure for comparability with previous
studies (range = 0-10).

Spatial exposure to the local food environment

The locations of food outlets were sourced from a commer-
cial database (SENSIS Pty. Ltd.) at temporally matched time
points of 2004 (baseline) and 2006 (follow-up). Validation
studies indicated moderate to good agreement between
commercial listings and 72 situ locations of food outlets®®®.
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All food outlets present were classified into twenty-one
types based on information relating to the types of food
items sold and methods of service and distribution (online
Supplementary file 1). Using geographic information
systems, the following spatial exposure measures were
generated for the geocoded residential addresses of the
1200 participants at T1 and T2: (1) Count within a 1-6-km
road network buffer around the home of the four most fre-
quently highlighted food outlet categories within the liter-
ature including takeaway/fast food (i.e. sum of all takeaway
and fast food outlets), convenience stores, café restaurants
and supermarket/greengrocers (i.e. sum of all supermarket
discount, supermarket small, supermarket large and green-
grocers). A 1-6-km road network buffer was chosen to
reflect the way ‘neighbourhood’ was conceptualised within
the RESIDE study and represents a 15-min walk (30-min
round trip)®” known to capture 95% of usual walking
destinations®. Furthermore, road network buffers may
capture outlets accessible by walking more effectively
than Euclidean buffers®”; (2) Proximity to supermarket/
greengrocers, convenience stores, café restaurants and
takeaway/fast food outlets was represented by calculating
the shortest road network distance (km) from home to
the nearest food outlet type from each category; and (3)
A relative measure of the percentage of healthy food outlets
was calculated within each 1-6-km road network buffer to
account for mounting evidence, suggesting that relative
measures may be more appropriate than absolute measures
for conceptualising exposure®®3Y. Firstly, all twenty-one
food outlet types were assigned an individual score based
on the average of those applied in existing Australian
studies®?3% (see online Supplementary file 1 for a list
of assigned scores). Negative scores were considered
‘unhealthy’ food outlets (UN) and positive scores ‘healthy’
food outlets (H). A modified version of the retail food
environment index (MRFED®*® was then derived using the
count of all ‘healthy’ outlets divided by the total count of
all twenty-one outlets multiplied by 100V, A higher MRFEI
represents a greater relative percentage of ‘healthy’ food
outlets and therefore a ‘healthier’ food environment.

Since previous RESIDE findings demonstrated that
having a supermarket within 0-8km of home by road
was associated with a healthy eating score at T4®>, sensi-
tivity analyses were run with 0-8-km road network buffers
to investigate the possibility of scale effects. Given that over
90 % of participants had access to a motor vehicle, and
food purchase is likely to occur at distances >1-6 km®®,
additional buffers of 5 km were examined. All spatial analy-
ses were undertaken using ArcGIS Desktop version 10.5.1
(Environmental Systems Research Institute).

Individual bebaviours

Participants were asked two questions on a seven-point
scale (0 =never to 6=06-7 times/week) ‘How often do
you eat meals that are bought from a canteen or takeaway
food shop’ and ‘How often do you eat meals that are bought
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from a restaurant or café’. Reliability of these items was high
with test—retest reliability determined via intraclass correla-
tions of 0-82 and 0-83, respectively®”3®  An additional
binary (yes, no) variable indicating if participants walked
for either transport or recreation within their neighbour-
hood to or from a café or restaurant was captured by asking
whether “You might walk to or from a café or restaurantas a
means of transport/recreation in your neighbourhood or
local area in a usual week’.

Perceptions of the local food environment

Information describing the way participants perceived their
surrounding local food environment was obtained from
responses to survey items based on the Neighbourhood
Environment and Walking Scale questionnaire®”.
Questions included: ‘About how long would it take to
get from your home to the nearest café or restaurant/
greengrocer/supermarket/if you walked to them? Responses
were converted into two binary variables (yes, no) for
perception of a café/restaurant or supermarket/greengrocer
within a 15 min walk of home.

Adjustment variables

Analyses were adjusted for age, gender (male v. female), edu-
cation level (secondary or less/other; trade/apprenticeship/
certificate; bachelor or higher), marital status (married/de
facto v. separated/divorced/widowed/single/no response),
hours of work per week (not in workforce/no response;
<19; 20-38; 39-59; >60), household income (<$50 000/
no response; $50 000-69 999; $70 000-$89 999; >$90 000),
children <18years at home (yes v. no children <18years
at home), access to a motor vehicle (yes always v. no/don’t
drive/yes sometimes), total hours per week of physical
activity (i.e. participants reported the number of times and
minutes per week of walking/cycling for recreation/
transport?”, and vigorous intensity that makes you breathe
harder and puff/pant or moderate intensity that does not
make you breathe harder and puft/pant leisure time activ-
ities) and BMI (continuous variable in kg/m?). When partici-
pant data on height were not provided within T1 or T2
questionnaires, it was sourced from the T3 or T4 question-
naires. A measure of area-level socio-economic status was
assigned to each participant using the Australian Bureau
of Statistics 2006 Census Collection District Index of
Relative Socioeconomic Advantage and Disadvantage
(IRSAD). The IRSAD is derived from twenty-one Census
variables related to income, education, employment, occu-
pation and housing and represents a continuum of advan-
tage (high values) to disadvantage (low values)“?. The
Australian Bureau of Statistics-applied deciles are an ordered
scale from 1 (lowest 10 %) to 10 (highest 10 %). An individ-
ual’s area-level socio-economic status was the IRSAD decile
value of the Census Collection District that fell under their
residential address at T1 and T2. Self-selection variables
were measured at baseline by asking participants the impor-
tance (five-point Likert scale) of twenty-one reasons that
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may have influenced their choice to move into a new
development. Previous work!> identified five factors that
accounted for 42% of the variables and these were used
to adjust for self-selection. A final adjustment variable was
included for time (in months) between T1 and T2 question-
naire completion.

Statistical analysis

For all measures (except participant characteristic and self-
selection variables), change variables were calculated (i.e.
follow-up minus baseline values). Descriptive statistics
were calculated for participant characteristics at baseline
(T1D). Associations of participant characteristics at baseline
with changes in dietary outcomes were determined using
mixed linear regression that accounted for clustering within
new developments. Following this, separate mixed models
examined each change variable (i.e. spatial exposures,
individual behaviours and perceptions) for associations
with change in each dietary outcome variable (healthy diet,
unhealthy diet, fruit/vegetable intake and diet quality),
adjusting for all baseline participant characteristics, base-
line diet, time between T1 and T2 questionnaire comple-
tion, self-selection factors and clustering within new
developments. Mediation analysis was then conducted
for significant change variables (P < 0-05), for which there
was a conceptual relationship, to determine whether
change in spatial exposure to the local food environment
and change in diet was mediated by either individual
behaviours or perceptions. Figure 1 shows the hypothes-
ised conceptual model of the relationships between
individual behaviours, perceptions and spatial exposure
and the local food environment with dietary outcomes.
The methods outlined in Baron and Kenny (1986)“? were
undertaken to test for mediation. All statistical analyses
were conducted using IBM SPSS Statistics for Windows,
version 23.0 IBM Corp.).

Results

Participant characteristics at baseline (T1) and their associ-
ation with changes in dietary outcomes following reloca-
tion are shown in Table 1. At baseline, participants had a
mean age of 40-5 years and 38-3 % were male. A total of
61-6 % had more than secondary level education, 67-4 %
worked >20h/week, 46:5% had an income >$70 000
and 49-1 % had children aged under 18years at home.
Most participants were married/de facto (82:2%) and
reported always having access to a motor vehicle (933 %).
On average, participants undertook 4-7 h/week of physical
activity and had a BMI of 25-9 kg/m?. The average area-
level socio-economic status of participant’s homes at base-
line was 6-2 deciles.

Increasing hours of work per week at baseline was
significantly associated with a decrease in unhealthy diet
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Individual behaviours

« Count takeaway/fast food
« Count café restaurant
« Count convenience store

« Frequency of eating meals bought from a canteen or takeaway food shop
« Frequency of eating meals bought from a restaurant or café
» Walk in neighbourhood to/from a café or restaurant

/’

« Distance to a takeaway/fast food

« Distance to a café restaurant
« Distance to a convenience store

| Perceptions of the local food environment |

Dietary outcomes

« MRFEI (%)

Presence of a café or restaurant within 15 min walk of home

« Count supermarket/greengrocer
« Distance to a supermarket/greengrocer

—

Presence of a supermarket/greengrocer within 15 min walk of home

A\v4

« MRFEI (%)

Fig. 1 Hypothesised conceptual model of the relationships between individual behaviours, perceptions of the local food environment
and spatial exposure to the local food environment with dietary outcomes

scores (P<0-05) after moving house. Participants with
children aged under 18years at home before moving
had a significant (P<0-01) increase in unhealthy diet
scores following relocation. Always having access to a
motor vehicle at baseline was significantly (P < 0-05) asso-
ciated with an increase in healthy diet scores and fruit/
vegetable intake following relocation. Always having
access to a motor vehicle did not change from T1 (93-4 %)
to T2 (92-5 %). Increasing physical activity at baseline was
significantly (P <0-05) associated with a decrease in diet
quality after relocation.

Between T1 and T2, healthy diet scores, unhealthy diet
scores and fruit/vegetable intake on average decreased
only slightly by 0-11 + 1-3,0-24 + 2-1 and 0-08 + 1-2, respec-
tively, whilst overall diet quality increased by 0-07 £ 5-8
(Table 2). There was also little difference in the percentage
of participants with an increase, decrease or no change in
dietary variables between time points (Table 2). Individual
behaviours on average decreased slightly between T1 and
T2, as indicated by a greater percentage of participants
reporting a decrease (compared with an increase) in the
frequency of eating meals bought from a canteen or
takeaway food shop, restaurant or café. Similarly, 40-1 %
of participants reported a decrease in the presence of a
supermarket/greengrocer within 15-min walk of home fol-
lowing relocation (Table 2). The count of all food outlets
declined, with 72-0% of participants having a decline in
the number of supermarket/greengrocers around the
home. The percentage of healthy food outlets around the
home (MRFED declined (-10-2 +32:1) for most (64-0 %)
participants. The majority of participants (74-9-80-6 %) also
experienced an increase in the distance from home to the
nearest food outlet for all outlet types (between 0-7 and
1-1 km) (Table 2).

Table 3 shows results for the single factor associations
between changes in individual behaviours, perceptions
and spatial exposure and the local food environment with
changes in dietary outcomes from T1 to T2. A one unit
increase in the frequency of eating meals bought from a
canteen or takeaway food shop was significantly associated
with an increase in unhealthy diet (f = 0-290, 95 % CI 0-212,
0-368) and a decrease in healthy diet (f=-0-088, 95 % CI
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-0-139, -0-038), fruit/vegetable intake (=-0-068, 95 % CI
-0-114, —0-022) and diet quality (#=-0-515, 95% CI
-0:731,-0:299). A one unit increase in the frequency of eat-
ing meals bought from a restaurant or café was significantly
associated with an increase in unhealthy diet (f=0-168,
95% CI 0-078, 0-259). Compared with participants with
no change in their perception of a café or restaurant
present within 15 min walk of home, those with an increase
(change from no to yes) had a significant increase in unheal-
thy diet (= 0406, 95 % CI 0-078, 0-733). Conversely, com-
pared with participants with no change in their perception of
a supermarket/greengrocer present within 15 min walk of
home, those with an increase (change from no to yes)
had a significant increase in unhealthy diet (f=0-402,
95% CI 0-015, 0-788). An increase in the number of café
restaurants and convenience stores around the home was
significantly associated with an increase in unhealthy diet
(B =0-020/café restaurant, 95 % CI 0-007, 0-033; B =0-049/
convenience store, 95% CI 0-010, 0-089). An increase in
the percentage of healthy food outlets around the home
(MRFED was significantly associated with an increase in
healthy diet (f=0-003/%, 95% CI 0-001, 0-005) and fruit/
vegetable intake (= 0-002/%, 95 % CI 0-001, 0-004).

Sensitivity analyses

There were no significant associations with change in
dietary outcomes for analyses involving measures of spatial
exposure to the local food environment computed using
road network buffers of 0-8km and 5km (results not
shown).

Mediation analyses

Table 4 presents the results of multivariable associations
using the significant (P <0-05) change variables from
Table 3, to test for conceptually relevant mediation rela-
tionships. The relationship between the percentage of
healthy food outlets around the home (MRFED) and healthy
diet or fruit/vegetable intake was not mediated by the fre-
quency of eating meals bought from a canteen or takeaway
food shop (i.e. no change in regression coefficients after
adjustment). All remaining dietary outcomes were only
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Table 1 Participant characteristics at baseline (T1) and their association with changes in dietary outcomes from T1 to T2 (n 1200)

Tt A Healthy dietf A Unhealthy diett A Fruit/vegetable intaket A Diet qualityf

Participant characteristics n % Mean SD B 95% ClI B 95 % Cl B 95% Cl B 95% ClI
Age (per year) 1200 40-5 11.8  -0-001 —0-008, 0-005 0-005 —0-005, 0-015 —0-000 —0-006, 0-006  —0-008 —0-035, 0-020
Male 460 38-3 0-044 -0-111, 0-200 0-147 —0-094, 0-389 0-065 -0.077,0-207 —-0-244 -0-916, 0-427
Education level (per level) 0-067 —0-030, 0-164 0-086 —0-065, 0-236 0-063 —0-025, 0-151 0-378 —0-040, 0-796

1. Secondary or less/other 466 384

2. Trade/apprentice/certificate 446  37-2

3. Bachelor or higher 293 244
Married/de facto 986 822 0-071 -0-127, 0-270 0-213 —0-094, 0-520 0-092 —-0-088, 0-272  —0-489 —1.342, 0-364
Hours of work per week (per level) -0-010 -0-070, 0-053  —0-100* —0-195, —0-005 0-009 —0-046, 0-065 0-129 —0-136, 0-393

1. Not in workforce/no response 257 214

2. <19 134 11.2

3. 20-38 276 230

4. 38-59 487 406

5. >60 46 3-8
Household income (AUS) (per level) -0-012 —-0-078, 0-054 0-029 —-0-073, 0-131 -0-013 —-0-073, 0-047  —-0-090 -0-372, 0-194

1. <50 000/no response 356 297

2. 50 000-69 999 287 239

3. 70 000-89999 261 21.8

4. >90000 296 247
Children <18 years at home 589 491 —0-032 —-0-184, 0-119 0-323** 0-088, 0-557 —0-060 —-0-200, 0-078  —0-639 -1-291, 0-013
Access to a motor vehicle 1120 93.3 0-320* 0.016, 0-623 —0-124 —0-595, 0-347 0-300* 0.023, 0-576 1-199 —-0-108, 2507
Physical activity (h/week)§ 1200 4.7 54 -0.013 -0-027, 0-001 0-015 —0-006, 0-037 —0-011 —-0-023, 0-002 —0-066* —0-126, —0-006
BMI (per kg/m?) 1200 25.9 4.8  —0-005 -0-021, 0-010 0-003 —-0-021, 0-027 —0-001 -0-015,0.013  -0-010 —-0-076, 0-058
Area-level SES (per decile) 1200 6-2 2.4 -0-016 —0-048, 0-015 0-024 —-0-025, 0-073 —0-022 —-0-051, 0-007 —0-109 —0-247, 0-027

SES, socio-economic status.

tEducation level, hours of work per week and household income treated as ordinal variables (categorical); age, physical activity, BMI and area-level SES treated as continuous variables; remaining characteristics treated as binary variables.
Reference levels = female; single, separated/divorced/widowed/no response; no children <18 years at home; don’t drive/no access to motor vehicle/sometimes access to motor vehicle.
iBased on single factor mixed model accounting for clustering in the seventy-three new developments. Significant results in bold. *P < 0-05, **P < 0-01.
§Total hours per week of walking/cycling for recreation/transport and moderate to vigorous leisure time physical activity.
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Table2 Study variables atbaseline (T1), follow-up (T2), change from T1 to T2 (T2 minus T1) and the percentage of participants with an increase, decrease or no change between time points (n 1200)

T1 T2 A Increase Decrease No change
Study variables n % Mean SD n % Mean sD Mean SD n % A n % A n %
Dietary outcomes
Healthy diet 5.0 1-6 4.9 1-6 -0-11 1.3 363 301 430 360 407 339
Unhealthy diet 109 2:6 10-7 2:6 —0-24 21 389 320 499 420 312 26-0
Fruit/'vegetable intake 41 1.4 41 1-4 —0-08 12 33 274 402 340 463 386
Diet quality 68- 71 69- 7-0 0-07 5.8 582 482 537 450 81 6-8
Individual behaviours
Frequency of eating meals bought from a 3.0 1-4 28 14 -0-11 1.3 326 272 383 32.0 491 40-9
canteen or takeaway food shop
Frequency of eating meals bought from a 2:4 1.2 2:4 1.2 -0.07 11 306 25.5 377 315 517 431
restaurant or café
Walk in neighbourhood to/from a café or 56 4.7 46 3-8 - - 38 32 48 4.0 1114 92-8
restaurant
Perceptions of the local food environment
Presence of a café or restaurant within 472 395 291 244 - - 149 124 330 275 721 60-1
15 min walk of home
Presence of a supermarket/greengrocer 669 55-8 292 24.3 - - 104 8.7 481 401 615 51.2
within 15 min walk of home
Spatial exposure to the local food environment
1-6 km road network buffer:
Count takeaway/fast food 7-4 6-6 31 4.3 —4.2 7-5 256 21.2 862 72.0 82 6-8
Count café restaurant 35 8-1 0-8 34 —2-6 8-2 139 114 742 62-0 319 26-6
Count convenience store 29 2.3 1.0 1-4 -1.8 2.7 184 15.2 826 69-0 190 15.8
Count supermarket/greengrocer 4.5 34 1.5 21 -3.0 3-8 179 153 869 720 152 12.7
MRFEI (%) 28-4 17-6 18-0 27-2 -10-2 321 300 24.8 766 64-0 134 11.2
Road network distance to nearest (km)
Takeaway/fast food 11 0-8 22 1.3 11 1.5 966 806 229 19-0 5-0 04
Café restaurant 1-4 1.2 24 1.2 1.0 17 922 768 276 230 2.0 0-2
Convenience store 1.0 0-7 1.6 0-9 0-7 11 912 759 287 240 1.0 0-1
Supermarket/greengrocer 1.3 1.0 2:4 1-6 11 1.9 899 74-9 288 240 13 11

MRFEI, modified retail food environment index (higher numbers mean a greater percentage of healthy food outlets).
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Table 3 Single factor associations between changes in individual behaviours, perceptions and spatial exposure to the local food environment with changes in dietary outcomes from T1 to T2

A Healthy diett

A Unhealthy diett

A Fruit/vegetable intaket

A Diet qualityt

Independent change variables B 95 % Cl B 95 % Cl p 95 % Cl B 95 % Cl
Individual behaviours
Frequency of eating meals bought from a canteen or —0-088*** -0-139, —0-038 0-290** 0-212, 0-368 —0-068** -0-114, —0-022 -0-515"** -0-731, —0-299
takeaway food shop
Frequency of eating meals bought from a restaurant -0-025 —0-083, 0-034 0-169** 0.078, 0-259 —0-030 —0-083, 0-023 -0-239 —0-489, 0-011
or café
Walk in neighbourhood to/from a café or restaurant}
Decrease (yes to no) —0-160 —0-508, 0-188 0-339 —0-203, 0-882 —0-089 —0-405, 0-227 -1-111 —2-600, 0-377
Increase (no to yes) —0-151 —0-540, 0-238 0-236 —0-368, 0-839 -0-078 —-0-433, 0-275 —0-491 -2-151,1.169
Perceptions of the local food environment
Presence of a café or restaurant within 15 min walk
of homet
Decrease (yes to no) 0-003 —0-153, 0-159 0-011 —0-231, 0-253 0-022 -0-119, 0-164 —-0-007 —-0-674, 0-659
Increase (no to yes) 0-067 —0-145, 0-279 0-406* 0.078, 0-733 0-020 -0-173, 0-213 0-066 —0-836, 0-968
Presence of a supermarket/greengrocer within 15 min
walk of homet
Decrease (yes to no) 0-061 —0-084, 0-205 0-154 -0-069, 0-377 0-049 —-0-082, 0-180 0-077 —-0-538, 0-692
Increase (no to yes) 0-047 —0-203, 0-298 0-402* 0.015, 0-788 0-046 —0-182, 0-274 —0-038 -1-108, 1.027
Spatial exposure to the local food environment
Within 1-6 km road network buffer
Count takeaway/fast food —0-006 —0-016, 0-003 0-010 —0-005, 0-024 —0-006 —-0-014, 0-002 -0-013 —0-053, 0-026
Count café restaurant —0-006 —0-014, 0-002 0-020** 0.007, 0-033 —0-006 —0-014, 0-002 -0-018 —0-054, 0-017
Count convenience store —0-008 —0-034, 0-018 0-049* 0.010, 0-089 -0-015 —0-039, 0-008 —0-059 —-0-169, 0-050
Count supermarket/greengrocer —0-008 -0.027, 0-010 —-0-002 —-0-030, 0-026 -0-007 —0-024, 0-009 0-005 -0-072, 0-082
MRFEI (%) 0-003** 0-001, 0-005 —0-001 —0-004, 0-002 0-002* 0.001, 0-004 0-009 —-0-000, 0-018
Road network distance to nearest (km)
Takeaway/fast food 0-035 —-0-012, 0-083 -0-013 —0-084, 0-058 0-036 —0-007, 0-080 0-090 —0-104, 0-284
Café restaurant 0-042 —0-001, 0-084 —0-007 —0-070, 0-056 0-035 —0-003, 0-074 0-105 —0-068, 0-278
Convenience store 0-006 —0-061, 0-074 —0-084 —-0-184, 0.015 0-024 —-0-037, 0-085 0-069 —0-205, 0-343
Supermarket/greengrocer 0-001 —0-037, 0-040 -0-019 —-0-075, 0-037 0-004 —0-031, 0-039 -0-016 —-0-170, 0-139

MRFEI, modified retail food environment index (higher numbers mean a greater percentage of healthy food outlets).
tAdjusted for all baseline participant characteristics, baseline diet, time between T1 and T2 questionnaire completion, self-selection variables and accounting for clustering in the seventy-three new developments. Significant results in bold.

*P<0-05, **P<0-01, ***P<0-001.
tReference level = no change.
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tAdjusted for all baseline participant characteristics, baseline diet, time between T1 and T2 questionnaire completion, self-selection variables and accounting for clustering in the seventy-three new developments. Significant results in bold.

Table 4 Multivariable associations between changes in study variables and changes in dietary outcomes from T1 to T2 for conceptually relevant mediation relationships

MRFEI, modified retail food environment index (higher numbers mean a greater percentage of healthy food outlets).

tMediation analyses conducted using the significant (P < 0-05) change variables from single factor associations.
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slightly mediated (i.e. a small decline in regression coeffi-
cients after adjustment) by the individual behaviours and
perceptions.

Discussion

To date, there has been little research on the relationship
between changes in the local food environment and
changes in diet. Planning neighbourhoods that promote
healthy choices relies upon strong evidence to guide specific
policy. This study found longitudinal evidence to suggest
that moving to a neighbourhood with more convenience
stores and café restaurants around the home was associated
with an increase in unhealthy food intake. Whilst moving to
a neighbourhood with a greater percentage of healthy food
outlets was associated with an increase in healthy food and
fruit/vegetable intake. Furthermore, findings from this study
indicate that factors such as vehicle access, individual behav-
iours and perceptions of the local food environment may
also play a role in shaping dietary intakes.

The local food environment around the home changed
significantly following residential relocation. There was an
overall decline in the number of all food outlet types
around the home, and the distance from home to the near-
est food outlet increased for all outlet types. Although some
participants (24-8 %) experienced an increase in the per-
centage of healthy food outlets around the home, most
(64-0 %) experienced a decline in the percentage of healthy
food outlets around the home following residential reloca-
tion to a new development. These findings are consistent
with previous RESIDE research which identified an overall
lack of food outlets in new developments at T2, T3 and T4,
and 2-3 times more takeaway/fast food outlets than super-
market/greengrocers in new developments at T4 com-
pared with 1-7 in established neighbourhoods®?.

Both positive and negative changes were observed in
dietary intakes after relocating, and these changes were
likely associated with specific individual factors modifying
the way participants respond to a changing environment.
For example, having children <18 years of age at home
at baseline was associated with an increase in unhealthy
food intake after relocating. Similarly, increasing hours of
work per week at baseline was associated with a decrease
in unhealthy food intake after relocating. Thus, families and
people living on low incomes may be especially vulnerable
to purchasing less healthy convenience foods from locally
accessible food outlets around the home. Other research
also suggests that low-income residents may be more sus-
ceptible to unhealthy food intake in environments where
there are more unhealthy food outlets"?2V, Alternatively,
people working longer hours may spend less time within
their local neighbourhood and be less influenced by their
local food environment. This study also found that access to
a vehicle at baseline was associated with an increase in
diet quality and fruit/vegetable intake following relocation.
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This suggests that people may be willing to travel beyond
their immediate neighbourhood to obtain healthy food,
increasing their potential food environment. Indeed, the
way people make healthy food choices is closely influ-
enced by dietary determinants such as individual level
socio-demographic, psychosocial, social and biological
factors?). Car access and/or supportive public transport
links may therefore be key enablers of a healthy diet that
contribute to inequities in dietary outcomes among sub-
groups.

An increase in the count of convenience stores and café
restaurants around the home was associated with an
increase in unhealthy food intake. Other studies, involving
15-20 years of follow-up, have shown similar results. For
example, in the US, having a higher number of conven-
ience stores within 3 km%?Y and fast food restaurants
within 1 km around the home?” was associated with lower
diet quality. Higher numbers of fast food restaurants within
3 km of the home were also associated with higher con-
sumption of a fast food-type diet!®. Although the present
study found no significant relationships between changes
in the local food environment and changes in overall diet
quality, this may be due to the measurement error from
using predicted diet quality scores rather than raw data®®.
All self-reported dietary intake is prone to miss-reporting
and measurement error, which can obscure diet-exposure
relationships™®. However, using only six simple questions
on usual dietary intake, we observed statistically significant
changes in individual markers of diet quality (e.g. healthy
and unhealthy food intake) after residential relocation.
Although these dietary changes were of small magnitude,
they were evident in 6-18 months after relocating.

Moving to a neighbourhood with a greater percentage
of healthy food outlets around the home was associated
with an increase in healthy food and fruit/vegetable intake.
Yet, there were no significant associations between spatial
exposure to supermarket/greengrocers and diet in this
study. Within new developments, neighbourhood centres
may be the main location of supermarkets and other
unhealthy food stores resulting in spatial co-occurrence™®,
contributing to unhealthy food intake. This is highlighted
by the fact that participants who perceived an increase in
the presence of a supermarket/greengrocer within 15 min
walk of home had an increase in unhealthy food intake.
This suggests the ratio of healthy to unhealthy food outlets
influences people’s healthy dietary choices more than
the absolute presence of healthy food outlets such as
supermarkets/greengrocers, a finding consistent with the
previous cross-sectional research exploring the effects
of relative and absolute measures of exposure®*3V. In
Australia, people living in a neighbourhood with a greater
percentage of healthy food outlets (i.e. supermarkets,
greengrocers and fruit and vegetable markets) relative to
unhealthy food outlets (i.e. takeaway or fast food stores)
were more likely to purchase fruit and vegetables, with little
evidence for an association between absolute exposure®?.
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Similarly, in Canada, the percentage of healthy outlets (i.e.
summed density of healthy stores divided by the sum of
densities of all considered outlets) was a better correlate
of fruit and vegetable intake than absolute densities®?,
However, contrasting findings were reported from a
European study“>. Variability in the way the food environ-
ment and diet were measured along with contextual
differences may be a contributing factor.

Moving to a new development had some influence on
participant behaviour and perceptions. For example, a
greater percentage of participants reported a decrease
(compared with an increase) in their perception of a super-
market/greengrocer and café or restaurant within 15 min
walk of home, along with a decrease in the frequency of
eating meals bought from a canteen, takeaway food shop,
restaurant or café. These findings may reflect how partici-
pant behaviour and perceptions are influenced in response
to moving to a new development with fewer amenities
around the home. However, this study found limited evi-
dence to suggest that the above individual behaviours
and perceptions were mediators between spatial exposure
to the local food environment and dietary intake (as dem-
onstrated by only a slight decline in coefficients after adjust-
ment). These variables may play a small role in determining
dietary intake by influencing where people purchase food
from or how convenient people perceive certain food
outlets as resulting in changes to shopping preferences
and utilisation. Thus, individual behaviours and percep-
tions are more proximal determinants of changes to dietary
intake, but they are not the only mechanisms through
which the surrounding environment drives changes in food
choices.

There were no significant associations between changes
in the proximity of food outlets and diet. This may reflect
how density and variety of food outlets around the home
have a greater influence on diet than proximity, a finding
highlighted in previous reviews”4% particularly for
unhealthy food intake. Greater diversity and density of
unhealthy food close to the home likely mean people will
be more inclined to utilise these outlets due to convenience
and easy access. Furthermore, changes in eating habits for
unhealthy food may be influenced in the short term by a
person’s immediate surroundings. This was made more
apparent by the sensitivity analyses finding no significant
associations for change in dietary outcomes and food outlet
counts within 5km buffers. No significant associations
were also found for the smaller buffers of 0-8 km. It may
be that these smaller buffers did not capture enough
change to detect significant associations.

Implications for policy and planning

Policies that increase healthy food outlets to create a more
favourable mix of food choices may be more effective at
increasing healthy food and fruit/vegetable intake than
focusing on individual outlet types. As such, considering
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the combined effect of all food outlets present (healthy and
unhealthy) within a composite index may be a suitable
indicator of the healthiness of the local food environment
for use in policy development. In particular, the design and
development of new residential areas should focus on
the early installation of a variety of food outlets. Planning
regulations must also take into consideration the effect of
transport links such that healthy food choices are accessible
to the whole population, protecting population subgroups
at greater risk. Lastly, this study provides some evidence
that increasing numbers of unhealthy food outlets (i.e.
convenience stores and café restaurants) close to the home
can translate into poorer food choices for residents. Thus,
novel policies that impose restrictions on the densities of
these outlets may improve dietary intakes.

Strengths and limitations

Limitations include the aforementioned self-reported
dietary intakes and commercially sourced food outlet
locations. Further, spatial exposure was place-based and
conceptualised relative to the home and may not represent
the full spectrum of exposure. Although this study con-
trolled for a range of covariates and self-selection factors,
residual confounding by other time-varying factors could
not be ruled out. Lastly, this study did not capture what
foods were sold in each outlet type or where food purchas-
ing occurred, which may have led to the misclassification of
some food outlet types. These limitations aside, this study is
unique because it is the first to demonstrate how changes in
the local food environment following residential relocation
influences dietary intake. Strengths include the use of indi-
vidual residential addresses as opposed to administrative
units, considering both healthy and unhealthy food outlets
and a range of spatial metrics, examining multiple dietary
outcomes, controlling for self-selection factors and explor-
ing the mediating effects of behaviours and perceptions.
The inclusion of sensitivity analyses was also a strength,
as the findings allowed for the consideration of scale effects
on the relationship between spatial exposure to food out-
lets and dietary outcomes.

Conclusions

This study provides longitudinal evidence that increased
spatial exposure to convenience stores and café restaurants
can increase unhealthy food intake, whilst an increased
percentage of healthy food outlets around the home can
increase healthy food intake. Improving the mix of food
outlets around the home by increasing those selling fresh
produce and reducing takeaway, fast food and conven-
ience stores may have a positive influence on the diets
of residents. Furthermore, low-income households and
those with children at home are particularly susceptible
to the local food environment, and healthy food intakes
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may be dependent on having access to a vehicle. Urban
planning regulations and policies should consider these
factors to enable healthier dietary choices for all.
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