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Abstract: Access to healthy food is a necessity for all people. However, there is still a lack of reviews
on the assessment of respondent-based measures of neighborhood food environments (perceived
food environments). The aim of this systematic review was to evaluate the measurement tools for
perceived food environments by five dimensions of food access and to obtain the overview of their
associations with dietary habits among people aged 18 years and older in middle- and high-income
countries. Observational studies using perceived food environment measures were identified through
a systematic review based on two databases for original studies published from 2010 to 2020. A total
of 19 final studies were extracted from totally 2926 studies. Pertaining to the five dimensions of food
access, 12 studies dealt with accessibility, 13 with availability, 6 with affordability, 10 with acceptability,
2 with accommodation, and 8 with a combination of two or more dimensions. Perceived healthy food
environments were positively associated with healthy dietary habits in 17 studies, but 8 of them
indicated statistically insignificant associations. In conclusion, this review found accessibility and
availability to be major dimensions of perceived food environments. The relationship between healthy
food environments and healthy diets is presumably positive and weak.

Keywords: food environments; perceived measurements; food access

1. Introduction

The United Nations sustainable development goals include Zero Hunger, a goal
targeted at ending hunger, achieving food security, and improving nutrition [1]. Food
environments are characterized by the availability, affordability, convenience, promotion,
quality, and sustainability of foods and beverages in wild, cultivated, and built spaces [2].
Healthy food environments are essential to ensure food security, such that all citizens can
sustainably access healthy food [3]. Empirical evidence of the health impact of neighbor-
hood food environments has accumulated especially in deprived areas in high-income
countries since the early 1990s [4]. A review [5] has reported inequalities in food access in
the United States, and there has been a paucity of studies in other developed countries.

Proper measurement of food environments is required to investigate the relationship
between food environments and dietary habits. Objective measures of food environments,
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such as geographic information systems, are direct observations and are a common method-
ology for assessing food environments [6]. However, these objective measures may not
necessarily capture individual behaviors or the actual situation of food access [7]. For ex-
ample, studies conducted in the United States have demonstrated that consumers traveled
beyond their nearest supermarket to obtain cheaper [8] and healthier food [9], indicating
that physical distance may not be the only factor involved in choosing primary food stores.
Perceived (respondent-based) measures, such as individual perceptions and experiences
may support the limitations of objective measures for assessing food environments.

Nevertheless, perceived measures face some challenges. First, there are no standard-
ized measures of perceived food environments. One of the processes for developing a
standardized measurement is to classify them based on the different aspects of food envi-
ronments. Penchansky and Thomas [10] proposed the utilization of the five dimensions of
“food access” (accessibility, availability, affordability, acceptability, and accommodation). Glanz
et al. [11] suggested that community and consumer environments impact individual be-
haviors. Accordingly, accessibility, availability, and accommodation can be included in the
community environment, and affordability and acceptability can be grouped in the consumer
environment. Second, there is still a lack of evidence on the relationship between perceived
food environments and dietary habits. Only one review [12] classified the perceived and
objective measures, and indicated that perceived measures of availability within the neigh-
borhood food environments were consistently associated with healthy diets among studies
published through 2011. However, a review [12] targeted both children and adults, wherein
it was reported that food environments for children may be influenced by the household
main shopper. A review targeting adults who are likely to be the main shoppers is required.

The aims of this study were to systematically review existing tools used to measure
perceived food environments according to the five dimensions of “food access”, and to
assess the association of perceived food environment measures with dietary habits.

2. Materials and Methods
2.1. Search Strategy

The review protocol was registered in the public domain (PROSPERO registration
number: CRD42020201881) in accordance with the PRISMA guidelines [13]. The present
systematic search was conducted to identify studies with observational designs published
online in English, between 1 January 2010 and 6 August 2020, using the PubMed and
Web of Science databases (Figure 1). Systematic keyword searches were developed and
agreed upon by all authors to identify studies that investigated the relationship between
perceived food environments and dietary habits among community-dwelling people aged
18 years and older in middle- and high-income countries, with at least 200 people [14]
(Supplementary Materials Tables S1 and S2). The two databases were explored by one
reviewer on 6 August 2020, to unify the run time, and duplicates were excluded. Basic
data cleaning was performed before the first screening. The articles were screened to
identify those that failed to be eliminated in the keyword search: off-topic studies and
those that investigated food environments in low- and lower-middle-income countries [15].
We defined studies as off-topic when relevant text words, such as “food environments”,
“dietary habits”, and “food access” were not included in the title or the abstract. In the first
screening, we excluded studies that stated the following in the title and abstract: (1) dupli-
cation, (2) the criteria of the number of population, (3) studies without an observational
design, (4) studies that did not use perceived measurements for assessing neighborhood
food environments, and (5) studies that did not investigate dietary habits as an outcome.
The second screening was conducted by investigating the full text using the same exclusion
criteria as the first screening. The basic data cleaning and first- and second-screenings
of studies were independently conducted, blinded, and then jointly reviewed by three
reviewers using the free web application of Rayyan [16]. The three reviewers assessed
the risk of bias individually, although not blinded, and decisions were confirmed by four
other reviewers.
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’ Studies identified (7 =2926: 516 in Pub Med, 2410 in Web of Science) ‘

’ The basic data cleaning ‘

Excluded studies (n = 2519)
1. Duplicate studies;
2. Studies were off-topic; and
3. Studies investigated food environments in low-
and lower-middle-income countries.

The first screening with titles and abstracts of studies (n = 407)

Excluded studies (n = 343)
1. Duplicate studies (1);
2. Studies targeting less than 200 people of the
general population and those younger than 18
years (19);
3. Studies without an observational design (116);
4. Studies that did not use perceived measurements
for assessing neighborhood food environments (79);
and
5. Studies that did not investigate dietary habits as
an outcome (128).

The second screening with full-text studies (n = 64)

Excluded studies (n = 41)
Reassessment in the same criteria to the first
screening: 1. (0), 2. (1), 3. (9), 4. (18), and 5. (13)

The assessment of the risk of bias (n = 23)

Excluded studies (n = 4)
Reassessment in the same criteria to the first
screening: 1. (2), 2. (1), and 4. (1)

Studies included in qualitative synthesis (n = 19)

Figure 1. Flow chart of data extraction.

2.2. Analyses

We summarized the studies by the number of study participants, location (i.e., urban
and rural), country, project data source, study design, and target population. Further-
more, we described the measurement tools and types of analyses (i.e., continuous and
dichotomous) of perceived food environments and dietary habits, respectively. Measures of
perceived food environments were classified according to the five dimensions of food access
(accessibility, availability, affordability, acceptability, and accommodation) [10]. The definition
of the five dimensions are as follows [10,12]: accessibility, the location of the food supply
source and the ease of getting to that location, accounting for travel time and distance;
availability, the adequacy of the supply of healthy food; affordability, food prices and people’s
perceptions of worth relative to the cost, which is often measured by store audits of specific
foods, or regional price indices; acceptability, people’s attitudes about attributes of their
local food environment, and whether the given supply of products meets their personal
standards; and accommodation, how well local food sources accept and adapt to the needs
of local residents (e.g., store hours and types of payment accepted). Dietary outcomes
were classified by measures of fruit and/or vegetable intake, other healthy food intake,
unhealthy food intake (i.e., fast food), and a diet-quality index that the selected studies
employed. We identified healthy and unhealthy foods according to the definitions of the
selected studies.
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The risk of bias was assessed across seven domains, each of which consisted of three
to nine indicators based on two scales: the Risk of Bias for Nutrition Observational Studies
Tool [17,18], which is applicable to observational studies in public health nutrition, and the
Newcastle Ottawa Scale [19] which indicates potential biases of food environment studies
(Supplementary Materials Table S3). The seven domains were (1) confounding, (2) selection
of participants, (3) classification of exposures, (4) departures from intended exposures,
(5) missing data, (6) measurement of outcomes, and (7) selection of reported results.

Finally, we summarized the associations of perceived food environments with dietary
habits in the final model of the analysis. The association was defined as “positive” when
healthy perceived food environments were significantly associated with a higher intake
of healthy food or a lower intake of unhealthy food; and was defined as “negative” when
healthy perceived food environments were significantly associated with a lower intake
of healthy food or a higher intake of unhealthy food. To consider not only the statistical
significance but also the trend of the association [20], we assessed the trend even if the
association was statistically insignificant. We counted the studies on the use of the five
dimensions of food access among the selected studies. We counted each dimension when
two or more dimensions were reported in one study. In addition, we counted studies that
indicated positive or negative associations in the indicator of the dimension. When two
or more indicators were indicated in one dimension, we counted them as one statistically
significant association. For example, we counted one significant association from six types
of indicators in one dimension of affordability in one study [21]. Statistical significance was
set at a two-sided p-value of 0.05.

We decided not to conduct a meta-analysis because of the heterogeneity in exposure
and outcome measurements across the studies.

3. Results
3.1. Study Overview

Among the 2926 studies identified by the two databases, 2519 were excluded during
the basic data cleaning (Figure 1). Of the remaining 407 studies, we excluded 343 that met
the exclusion criteria in the first screening. After a full article review during the second
screening, 41 of the 64 studies were excluded. Of the 23 studies remaining, we excluded
an additional four studies at the risk of bias assessment. Of these four, one study [22] was
excluded because it targeted a specific population that received healthcare services, and
another [23] did not use a perceived measurement tool for food environments; two sets of
studies used the same measurement tools from the same research project: Lucan et al. [24]
and Lucan and Mitra [25]; Bivoltsis et al. [26] and Trapp et al. [27]. We selected Lucan and
Mitra [25] and Bivoltsis et al. [26] targeting a wider study areas and larger population.

Among the indicators in the 19 studies, we omitted the indicator of home food environ-
ment in the studies of Alber et al. [28], Kegler et al. [29], and Springvloet et al. [30], because
the current review did not focus on household food environments. However, we did not
omit the indicator of the accessibility of unhealthy food at the workplace, as investigated
by Carbonneau et al. [31], because the indicators of neighborhood and workplace were
integrated into one score.

3.2. The Assessment of the Risk of Bias

There was no serious or critical risk of bias in the 19 studies, and most of them had a
moderate or low risk of bias against the seven classified domains (Supplementary Materials
Table S4). All studies were determined to have a moderate risk of bias in confounding,
selection of participants, and departure from intended exposures. The moderate risk
of bias against the classification of exposures (i.e., perceived food environments) was
identified in three studies; one study [32] did not mention the validity or reliability of the
perceived measurement tools, and two studies [30,33] used the indicators of perceived
food environments that were employed in previous reports but did not investigate validity
and reliability. Four studies that were judged as having a low risk of bias of missing
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data performed multiple imputation [31,34], engaged in a listwise deletion of data by not
observing a missing data pattern [35], and did not exclude missing data amounting to
1.5% of the total [25]. Five studies [7,28,29,36,37] did not describe missing data. Seven
studies [7,25,35,38—41] with a low risk of bias in measurement outcomes (i.e., dietary
habits) used data from interviews conducted by trained interviewers and not through
self-description of participants.

3.3. Characteristics of the Study Design

Thirteen studies were conducted in the United States, and five studies [21,26,30,31,37]
were conducted in Western countries and Australia in the Oceania region (Table 1). Only
one study [33] has been conducted in Japan in East Asian countries. The study areas of
10 studies [7,21,26,28,30,31,35,37,38,42] were urban areas, while six studies [25,33,39-41]
were conducted in both urban and rural areas. With respect to the study design, 18 studies
were cross-sectional, and only one study [26] used a longitudinal study design from
baseline 2003-2005 to 2004-2006 to investigate changes in food environments and dietary
habits. Two studies included minority populations, such as French-speaking adults [31]
and African American (with White) adults [29]. Three studies [7,35,42] targeted adults
with low income. Furthermore, Lo et al. [34] targeted middle-aged and older women, and
Sharkey et al. [32], and Yamaguchi et al. [33] targeted older adults.

3.4. Overview of the Measurement Tools of Perceived Food Environments

The frequency of usage of dimensions of food access were 12 studies in accessibility,
13 studies in availability, six studies in affordability, 10 studies in acceptability, and 2 studies
in accommodation (Table 2). Studies have integrated two [29,35,36,39], three [32,34,37],
and five [31] dimensions to form one score. Chapman et al. [21] used one dimension of
affordability with three indicators, and five studies [7,26,33,41,42] used one dimension with a
single-item indicator; three studies [7,26,33] used accessibility, one study used availability [41],
and the other used acceptability [42].

A total of 17 studies used measurements of perceived food environments that were
previously validated or pilot tested. Two studies [30,33] used measurements that were
previously used but were not validated, and one study [32] did not validate the measure-
ment. Indices of perceived food environments in five studies [25,28,35,38,40] exhibited
moderate validity using objective measurements as a standard. Eight studies indicated
that perceived measurements demonstrated a moderate level of internal consistency, as
analyzed by test-retest reliability [7,28,29,34,38,39,41] and inter-item reliability [37].

Among the studies that used accessibility, there were four types of indicators for assess-
ing neighborhood food stores: (1) the ease of access/or purchase of fruits and vegetables/or
variety foods in the neighborhood [25,28,29,31,34,37,40]; (2) adequate quantities of neigh-
borhood stores [33,36,37,39]; (3) walkable distance to the primary food stores [7,25,31]; and
(4) convenient time (i.e., 10 to 15 min) to reach primary stores [26,31].

Eight studies [25,29,34,35,37-40] commonly referenced indicators of availability and/or
acceptability proposed by Moore et al. [43—-45], Mujahid et al. [46], Echeverria et al. [47],
and/or Ma et al. [48]. Specifically, the dimension of availability—whether a large selection
of fruits and vegetables was available in the neighborhood food environments—was
investigated in six studies [29,34,35,37-39]. Ma et al. [40] investigated availability of healthy
foods. Acceptability, which is the quality of fruits and vegetables, was investigated in six
studies [25,34,35,37-39]. Other studies used different indicators but investigated availability
of various healthy foods including vegetables [30-32], and acceptability of the quality of
fruits and vegetables [28,31,32,42].

Affordability investigated the perception of worth relative to the cost of all food
items [32] or the specific foods, such as fruits and vegetables [21,28,30,32,38], and healthy
foods [31].
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Table 1. Study designs of the reviewed studies.
Author, Year N Country Location Urban/Rural Data Source Study Design Population
Alber et al., 2018 [28] 221 United States | Philadelphia (four Urban Self-administered surveys Cross-sectional Adults aged 18-65 years (average
neighborhoods) between November 2010 and age 45.1 years)
November 2011
Bivoltsis et al., 2020 [26] 1200 Australia Perth Urban RESIDential Environments Longitudinal Adults aged 18 years and older who
Project from 2003 to 2007 plan to move into the new house by
December 2005 (average age
40.5 years)
Carbonneau et al., 2019 [31] | 1035 Canada Québec Urban PREDicteurs Individuels, Cross-sectional French-speaking adults aged
Sociaux et Environnementaux 18-65 years (18-34 years 36.6%)
study from 2015 to 2017
Caspi et al., 2012 [7] 743 United States | Boston Urban The Health in Common study Cross-sectional Adult residents aged 18 years and
(Chelsea, Cambridge, from February 2007 to June 2009 older (30-39 years 27.1%) resided in
and Someville) low-income housing
Chapman et al., 2017 [21] 2474 Australia New South Wales Urban Part of a larger Community Cross-sectional Adults aged 18 years and older
Survey on Cancer Prevention (median age 45.0 years)
from January to February
in 2013
Flint et al., 2013 [38] 1263 United States | Philadelphia (two Urban Philadelphia Neighbourhood Cross-sectional Primary adult shoppers aged 18
low-income areas) Food Environment Study in the years and older in a household
2006 pre-intervention baseline (average age 48.0 years)
Freedman et al., 2019 [35] 487 United States | Ohio (Cleveland and | Urban Baseline data from longitudinal | Cross-sectional Adults aged 18 years and older
Columbus) quasi-experimental natural (average age 49.3 years) resided in
experiment from August 2015 to low-income communities
July 2016
Gase et al., 2016 [42] 1440 United States | Los Angeles (at Urban The Los Angeles County Health | Cross-sectional Adults aged 18 years and older
public health centers) and Nutrition Examination (average age 55.0 years) with
Survey II from February to low income
April 2012
Jilcott Pitts et al., 2015 [36] 366 United States | Eastern North Rural Baseline of Heart Healthy Lenoir | Cross-sectional Adults aged 18 years and older
Carolina Project from September 2011 to (average age 55.0 years)
July 2012
Kegler et al., 2014 [29] 513 United States | Southwest Georgia Rural Baseline of Healthy Rural Cross-sectional African American and White adults

Communities 2 from September
2006 to March 2007

aged 40-70 years (average age
51.2 years)
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Table 1. Cont.
Author, Year N Country Location Urban/Rural Data Source Study Design Population
Liese et al., 2014 [39] 831 United States | South Carolina (eight | Urban and Telephone survey from April to | Cross-sectional Adult shoppers aged over 18 years
county regions) rural July 2010 (average age 57.0 years)
Lo etal., 2019 [34] 513 United States | 22 states Rural Baseline of StrongWomen Cross-sectional Midlife and older women (average
Follow-Up Study in 2013 age 67.0 years)
Lucan and Mitra, 2012 [25] 10,450 | United States | Southeastern Urban and Public Health Management Cross-sectional Adults aged 18 years and older
Pennsylvania (five rural Corporation’s biennial (median age 47.0 years)
countries, 991 census random-digit—dialed
tracts) Southeastern Pennsylvania
Household Health survey from
June to September in 2004
Ma et al., 2018 [40] 819 United States | South Carolina (eight | Urban and Telephone survey from April to | Cross-sectional Adults aged 18 years and older
counties) rural July in 2010 (average age 57.0 years)
Minaker et al., 2013 [37] 1170 Canada Waterloo and Ontario | Urban The Neighbourhood Cross-sectional Adults aged 19 years and older
Environments in Waterloo (average age 45.0 years in women
Region: Patterns of and 44.7 years in men)
Transportation and Health
project from May 2009 to May
2010
Oexle et al., 2015 [41] 838 United States | Central South Urban and Telephone survey from April to | Cross-sectional Adults aged 18 years old and older
Carolina (eight rural June in 2010 (average age 57.6 years)
counties)
Sharkey et al., 2010 [32] 582 United States | Texas and rural Rural 2006 Brazos Valley Health Cross-sectional Older adults aged 60-90 years
Brazos Valley Assessment, the 20062007 (average age 69.9 years)
Counties (six Brazos Valley Food Environment
counties) Project, and the decennial 2000
U.S. Census Summary File 3
Springvloet et al., 2014 [30] 1342 Netherlands Five cities (Heerlen, Urban Baseline data from a Cross-sectional Adults aged 20-65 years (average
Roermond, Venlo, randomized controlled trial age 49.0 years)
Venray and Weert) in from March to October in 2012
South of the
Netherlands
Yamaguchi et al., 2019 [33] 83,384 | Japan 31 municipalities in Urban and The Japan Gerontological Cross-sectional Older adults aged 65 years and
12 prefectures rural Evaluation Study in older (average age 73.9 years)

2010-2011 survey




Nutrients 2022, 14, 1788

8 of 33

Table 2. The measurement tools for perceived food environments.

Author, Year

Perceived Food Environments 2

Measurements

Variable Type

Alber et al., 2018 [28]

Accessibility (d)
Availability (b)

Affordability (c)
Acceptability (a)

The measurement of the Nutrition Environment Measures
Survey-Perceived [49]
Perceived store consumer nutrition environment

(a) Quality in neighborhood: Quality of fruits and
vegetables in neighborhood

(b) Availability in neighborhood: Availability of fruits
and vegetables in neighborhood

(c)  Price in neighborhood: Price of fruits and vegetables
in neighborhood

(d) Ease of purchasing in neighborhood: Ease of
purchase of fruits and vegetables in neighborhood

Response: (a, b, d) 5-point agree/disagree Likert scale, (c)
4-point Likert scale (the higher score reflects healthy
food environments)

Continuous

Bivoltsis et al., 2020 [26]

Accessibility

The Neighbourhood Environment and Walking Scale
questionnaire [50]

How long would it take to get from your home to the
nearest cafe or restaurant/greengrocer/supermarket/if
you walked to them? Response: within a 15 min walk of
home or less; Yes (unhealthy food environments in café or
restaurant and healthy food environments in

greengrocer /supermarket) vs. No.

Dichotomous




Nutrients 2022, 14, 1788

9 of 33

Table 2. Cont.

Author, Year

Perceived Food Environments 2

Measurements

Variable Type

Carbonneau et al., 2019 [31]

Accessibility (e, g, h, 1, j)
Availability (a, b)
Affordability (d)
Acceptability (c)
Accommodation (f)

Perceived Food Environment Questionnaire [51]
Six items of accessibility to healthy foods

(@) TIconsider that the quantity of healthy foods offered
by my main food retailer is sufficient

(b) Iconsider that the variety of healthy foods offered by
my main food retailer is sufficient

(¢) Iconsider that the quality of healthy foods offered by
my main food retailer is acceptable

(d) Iconsider that the cost of healthy foods offered by my
main food retailer is affordable

(e) TIconsider thatIhave easy access to a food retailer
with a good variety of foods near my home

(f)  Iconsider the information in the media about food
and nutrition positively influences my diet

Three items of accessibility to unhealthy foods

(g) Iconsider that fast-food restaurants are easily
accessible from my home

(h) Iconsider that fast-food restaurants are easily
accessible from my workplace

(i) Iconsider thatIhave easy access to junk foods
at work

Response: 5-point agree/disagree Likert scale(the higher
score reflects optimal food environments in accessibility on
healthy foods and unhealthy foods)

Travel time

()  Self-reported travel time from home to the main food
retailer by car and on foot

Response: less than 10 min, 10-20 min, or more than 20 min.

This response was classified binominal variables; less than
10 min (healthy food environments) vs. 10 min or more.

Continuous in Perceived Food
Environment Questionnaire and
dichotomous in travel time
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Table 2. Cont.

Author, Year

Perceived Food Environments 2

Measurements

Variable Type

Caspi et al., 2012 [7]

Accessibility

A simplified version of the Neighborhood Environment
Walkability Scale [52].

Response: Whether they had a supermarket ‘within
walking distance” of their homes; “Yes’ (healthy food
environments) vs. ‘No’

Dichotomous

Chapman et al., 2017 [21]

Affordability (a, b, c)

Questions relating to perceptions and beliefs about food
costs [53-59].

(a) Perceptions on the affordability: F&V are not
affordable in the shop(s) where I buy most of
my food’
(b) Perceptions on cost: ‘I sometimes find it difficult to
buy F&V for my household because of the cost’
Response (a—b): 5-point agree/disagree Likert scale.
Agreed or strongly agreed vs. disagreed or neutral
(healthy food environments)
(c)  Actual cost: how often the cost of F&V meant that
their household bought less than they would like.
Response (c): 5-point Likert scale. Often or always vs.
Never, rarely or sometimes (healthy food environments)

Dichotomous

Flint et al., 2013 [38]

Availability (a, c)
Affordability (e)
Acceptability (b, d)

Perceived Availability of Health Foods Scale [46]

(a) Grocery store choice: There is a good choice of
different types of grocery stores in my
neighbourhood

(b)  Grocery store quality: The quality of grocery stores in

my neighbourhood is good
(c) Choice of F&V: The choice of fresh fruit and

vegetables to purchase in my neighbourhood is good

(d) Quality of F&V: The quality of fresh fruit and

vegetables to purchase in my neighbourhood is good

(e) F&V are inexpensive: Fresh fruit and vegetables in
my neighbourhood are expensive.
Response: 5-point agree/disagree Likert scale (the

response of (e) was reverse-coded, and the higher score
reflects healthy food environments)

Continuous
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Table 2. Cont.

Author, Year

Perceived Food Environments 2

Measurements

Variable Type

Freedman et al., 2019 [35]

Availability (a, c)
Acceptability (b)

Perceptions of healthy food availability [39,43,46,60]

(a) A large selection of fruits and vegetables is available
in your neighborhood

(b)  The fresh fruits and vegetables in your neighborhood
are of high quality

(c)  Alarge selection of low-fat products is available in
your neighborhood

Response: 4-point agree/disagree Likert scale (the summed
higher score reflects healthy food environments) The
availability area was defined as a within a 20-min walk or
one mile from their home.

Continuous

Gase et al., 2016 [42]

Acceptability

The perceived food environment [55,61]

In my neighborhood, it is easy for me to find fresh fruits
and vegetables.

Response: 5-point agree/disagree Likert scale (the higher
score reflects healthy food environments)

Continuous

Jilcott Pitts et al., 2015 [36]

Accessibility (a)
Availability (b, ¢, e, d)

Perceptions of neighborhood barriers [62]
Perceived neighborhood nutrition barriers: 5 items

(@) Too many fast-food restaurants

(b) Not enough food stores with affordable fruits and
vegetables

(c)  Not enough restaurants with healthy food choices

(d) Notenough farmer’s markets or fruit stands

(e)  No place to buy a quick, healthy breakfast to go

Response: 5-point Likert scale, not a problem to a big
problem, was summed as “perceived neighborhood
nutrition barriers” score (ranged 5 to 2; the lower score
reflects healthy food environments).

Continuous
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Author, Year Perceived Food Environments ? Measurements Variable Type
Kegler et al., 2014 [29] Accessibility (a) Neighborhood Environment [47,63] Continuous
Availability (?) (@)  Access to healthy foods in the neighborhood measure:
Accommodation (b) ease of purchase and variety of fruits and vegetables
and low-fat products in their neighborhood.
(b) Neighborhood social cohesion: whether neighbors
were willing to help each other, the neighborhood
was close-knit and whether neighbors can be trusted.
Response: 5-point agree/disagree Likert scale (the higher
score reflects healthy food environments)
Liese et al., 2014 [39] Accessibility (d) Perceptions of the Food Environment [43—-48] Continuous
Availability (a, ) The definition of neighborhood was an area within a

Acceptability (b)

20-min walk or about a mile from their home

(a) A large selection of fruits and vegetables is available

in my neighborhood.

(b)  The fresh fruits and vegetables in my neighborhood
are of high quality.

(¢) A large selection of low-fat products is available in
my neighborhood.

Response (a—c): 5-point agree/disagree Likert scale (the
higher summed score reflects healthy food environments)

(d) How much of a problem would you say that lack of
access to adequate food shopping is in
your neighborhood?

Response (d): 4-point Likert scale; not really a problem,
minor problem, somewhat serious problem, or very serious
problem (the higher score reflects healthy

food environments)
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Table 2. Cont.
Author, Year Perceived Food Environments ? Measurements Variable Type
Lo etal., 2019 [34] Accessibility (a) Perceived food environment [47] Continuous
Availability (b, d, e) (@) Itiseasy to purchase fresh fruits and vegetables in
Acceptability (c, f) my neighborhood
(b) There is a large selection of fresh fruits and
vegetables available in my neighborhood
(c)  The fresh produce in my neighborhood is of
high quality
(d) TItis easy to purchase low-fat products (such as
low-fat milk or lean meats) in my neighborhood
(e)  There is a large selection of low-fat products available
in my neighborhood
(f)  The low-fat products in my neighborhood are of
high quality
Response: 5-point agree/disagree Likert scale (the summed
higher score reflects healthy food environments)
Lucan and Mitra, 2012 [25] Accessibility (a, b) Perceptions of the food environment from 2004 Household | Dichotomous
Acceptability (a, c) Health Survey (Philadelphia Health Management

Corporation 2004) [43-45]

(a) Poor Accessibility of fruits and vegetables: How easy
or difficult is it for you to find fruits and vegetables in
your neighborhood?

Response: 4-point Likert scale. The responses were

classified binary variables; difficult/very difficult vs.
Easy/very easy (healthy food environments).

(b) Poor Accessibility: Do you have to travel outside of
your neighborhood to go to a supermarket?

Response: Yes vs. No (healthy food environments)

(¢)  Poor Quality: How would you rate the overall
quality of groceries available in the stores in
your neighborhood?

Response: 5-point Likert scale. The responses were
classified binary variables; poor (fair/poor/absent) vs.
good (excellent/good) (healthy food environments).
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Author, Year Perceived Food Environments ? Measurements Variable Type
Ma et al., 2018 [40] Accessibility (b) Perceptions of the food environment [43-47] Continuous
Availability (a) (a) The availability of healthy foods in the neighborhood
(range 0-12)

(b) Ease of shopping access (range 0-3)
(the higher score reflects healthy food environments)

Minaker et al., 2013 [37] Accessibility (a, b, ¢, d, g) Food environment perceptions [7,43,46] Continuous

Awvailability (e, f)
Acceptability (k, 1)
Affordability (h, i, j)

(a) There are no food outlets in my neighborhood *

(b) Itis easy to purchase fresh fruits and vegetables in
my neighborhood

(¢) TItis easy to purchase low-fat products (such as
low-fat milk or lean meats) in my neighborhood

(d) There are a lot of fast-food restaurants in
my neighborhood *

(e) There is a large selection of fresh fruits and
vegetables available in my neighborhood

(f)  There is a large selection of low-fat products available
in my neighborhood

(g) Itis easy to eat healthily at the restaurants in
my neighborhood.

(h) Ishop elsewhere because the prices in my
neighborhood are too high *

(i)  The produce in my neighborhood is more expensive
than that in other neighborhoods *

()  The low-fat products in my neighborhood are more
expensive than those in other areas *

(k)  The fresh produce in my neighborhood is of
high quality

(I)  The low-fat products in my neighborhood are of
high quality

Response: 4-point agree/disagree Likert scale (the higher

summed score reflects healthy food environments). * An

item was reverse-scored. The access-related score was

integrated accessibility, availability, and acceptability. The

score of affordability was used itself as the

Food affordability.
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Table 2. Cont.

Author, Year

Perceived Food Environments 2

Measurements

Variable Type

Oexle et al., 2015 [41]

Availability

Perceived availability of neighborhood fast food the
Multi-Ethnic Study of Atherosclerosis [46]

There are many opportunities to purchase fast foods in my
neighborhood (an area within a 20-min walk, or about

1 mile, from their home) such as McDonald’s, Taco Bell,
KFC and take-out pizza places, etc.

Response: 5-point agree/disagree Likert scale (the higher
summed score reflects unhealthy food environments)

Continuous

Sharkey et al., 2010 [32]

Availability (a, b, d)
Acceptability (e)
Affordability (c, f)

The perceived adequacy of community food resources

(a) Little variety in types of foods that can be purchased
(b) Few grocery stores or supermarkets
(¢) Food prices are high.

Response: 5-point agree/disagree Likert scale. The
responses were classified binary variables; strongly
agree/agree vs. others (healthy food environments)
Perceptions related to the store where most of the groceries
were purchased

(d) How would you rate the variety of fruits and
vegetables at this store

(e) How would you rate the freshness of fruits
and vegetables

(f) How would you rate the price of fruits
and vegetables?

Response: 5-point Likert scale. The responses were
classified binary variables; fair/poor vs. all others (healthy
food environments)

Continuous in community food
resources and dichotomous in
food store
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Table 2. Cont.

Author, Year

Perceived Food Environments 2

Measurements

Variable Type

Springvloet et al., 2014 [30]

Availability (a)
Affordability (b)

Perception of availability in supermarket [64]

(@) In the store where I usually do my shopping,
there is a sufficient amount of
vegetables available

Response: 5-point agree/disagree Likert scale (the

higher score reflects healthy food environments)

Perception of vegetable as being expensive

(b) TIthink eating 200 g of vegetables per day is
(select one response below)

Response: 5-point Likert scale; very expensive to very

cheap (the higher score reflects healthy

food environments)

Continuous

Yamaguchi et al., 2019 [33]

Accessibility

The perceived availability of food [65,66]

How many stores or facilities selling fresh fruits and
vegetables are located within one kilometer of

your home?

Response: 4-point Likert scale, Many to None. The
responses were classified binary variables;

poor access (few or none) vs. good access (many or
some) (healthy food environments)

Dichotomous

F&V: fruits and vegetables.  Applicable types of perceived food environments were selected from the five types provided below. If there were two or more types, the applicable types
were described (i.e., a—1) in the measurement column. Accessibility: The location of the food supply source and the ease of getting to that location, counting for travel time and distance.
Availability: The adequacy of the supply of healthy food; examples in the food environment might include the presence of certain types of restaurants near people’s homes, or the number
of places to buy produce. Affordability: Food prices and people’s perceptions of worth relative to cost, which is often measured by store audits of specific foods, or regional price indices.
Acceptability: People’s attitudes about attributes of their local food environment and whether the given supply of products meets their personal standards. Accommodation: How well
local food sources accept and adapt to the needs of local residents (e.g., store hours and types of payment accepted).
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Indicators for assessing the influence of media on food and nutrition on one’s diet [31]
and neighborhood social cohesion [29] were investigated by accommodation. Five stud-
ies investigated unhealthy food environments: availability of fast-food restaurants [41],
accessibility of cafés or restaurants [26], and accessibility of fast-food restaurants in the
score [31,36,37].

3.5. The Outcomes of the Dietary Habits

The intake of fruits and vegetables or only vegetables [30] was the most common
method of measuring dietary habits. Two studies [25,41] investigated the frequency
(times/week) of fast-food intake, and one study [29] investigated fat intake (Table 3).
The intake of fruits and vegetables (servings, times, and grams per day) was calculated us-
ing the validated food frequency questionnaires [7,29,30,34,38,39,42] and the measurement
tools that were previously used [25,33,40]. Score indices of diet quality were employed in
four studies [26,31,36,37]. Bivoltsis et al. [26] used an unhealthy dietary score.

3.6. Overview of the Associations

Nine studies indicated significant positive associations of perceived food environments
with healthy dietary habits within the dimensions of accessibility [7,33], affordability [21],
acceptability [28,42], and mixed scores of accessibility, availability, acceptability, and / or afford-
ability [32,34,36,37,39] (Tables 4 and 5). Eight studies reported positive, but not statistically
significant, associations [25,26,29,31,34,37-39]. Four studies showed significant negative
associations of availability [28,30], affordability [30], and the mixed score of availability and
acceptability [35] with healthy diets. Five studies [25,26,28,41] investigated the association of
perceived food environments with unhealthy diets. Bivoltsis et al. [26] indicated a signifi-
cant positive association of improved accessibility of healthy food environments with a high
intake of unhealthy food. Bivoltsis et al. [26] also found that changing low accessibility to
unhealthy food environments was significantly and positively associated with high intake
of unhealthy food. A study conducted by Lucan et al. [25] showed that poor accessibility
of fruits and vegetables and supermarkets and poor acceptability of grocery quality were
significantly and positively associated with higher fast-food intake.

With respect to the statistical methods, 15 studies [7,21,25,26,28,30-34,36-38,41,42]
used multivariate analyses to investigate the association adjusting for potential confounders,
such as age, sex, ethnicity, income, and/or other social determinants of health. Using path
analysis, four studies [29,35,39,40] investigated the pathways and mediations of perceived
food environments in relation to dietary habits. Three studies [29,39,40] did not control for
any possible confounders in the path model to prevent over-specification of the results [90].
Springvloet et al. [30] analyzed perceived food environments based on availability and
affordability as mediators of the association between education level and vegetable intake
using a linear regression model. Bivoltsis et al. [26] investigated the association of the
change (improved and worsened) in perceived food environments with changes in the
dietary habits of people after one to two years of changing residence in a longitudinal study.
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Table 3. Measurement tools of dietary habits.

Author, Year

Dietary Habits

Measurements

Variable Type

Alber et al., 2018 [28]

F&V intake

F&V intake
The Behavioral Risk Factor Surveillance System [67]
Daily Fruit and vegetable consumption (servings/day)

Continuous

Bivoltsis et al., 2020 [26]

F&V intake
Diet quality ?

F&V intake

Fruit and vegetable intakes (servings/day) were rated on a scale ranged from 0 (do not eat) to 5 (6
serves or more).

Diet quality

The simple RESIDE dietary guideline index or S-RDGI1 [68]

The higher score (ranged 0 to 100) reflects a better diet quality using six dietary questionnaires.
Healthy diet

Healthy component score (range 0 to 12) (the higher score reflects a healthy diet)

Unhealthy diet

Unhealthy component score (range 0 to 18) (the higher score reflects an unhealthy diet)

Continuous

Carbonneau et al., 2019 [31]

Diet quality

Canadian Healthy Eating Index 2007 [69]

C-HEI score (range 0 to 100) was based on the average intake of eight adequacy components and three
moderation components from three web-based 24 h recalls using an application (R24W) (Jacques et al.,
2016) (the higher score reflects a healthy diet)

Continuous

Caspi et al., 2012 [7]

F&V intake

Prime Screen [70], a brief version of the Semiquantitative Food Frequency Questionnaire
The frequency of consumption of six items within the last week (servings/day)

Continuous

Chapman et al., 2017 [21]

F&V intake

F&V intake

Estimation of F&V servings based on the Australian Dietary Guidelines [71]

How many servings of F&V they consumed each day on average? Do you think the F&V
consumption is adequate?

Response: too little, about right, too much or not sure. Binary variables were used for the analysis: too
little vs. others

The above perception of the proper F&V intake was replaced with at least two servings/day of fruit
and five servings/day of vegetable.

Dichotomous

Flint et al., 2013 [38]

F&V intake

F&V intake
The Block Food Frequency Questionnaire [72,73]
15 items of F&V intake (portions/day) over the past month were calculated

Continuous

Freedman et al., 2019 [35]

Diet quality

Diet quality

Healthy Eating Index-2010 scores [74,75]

HEI-2010 scores (range 0 to 100) were calculated based on the average of three 24-hour dietary recalls
(the higher score reflects a healthy diet)

Dichotomous
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Table 3. Cont.

Author, Year

Dietary Habits

Measurements

Variable Type

Gase et al., 2016 [42]

F&V intake

F&V intake

The National Institutes of Health’s Quick Food Scan [76]

F&V intake (frequencies/day) was calculated by six items of their frequency of F&V intake in the past
seven days. The binominal variable was used for the analysis (no information of the cutoff point).

Dichotomous

Jilcott Pitts et al., 2015 [36]

Diet quality

Diet quality

The Dietary Risk Assessment (DRA) (a semi-food frequency questionnaire) [77]

A summary score of 4 sub-scales (mean score 27.8) from the DRA (the higher score reflects a healthy
diet)

(1) nuts, oils, dressings, and spreads, (2) vegetables, fruits, whole grains, and beans, (3) drinks,
desserts, snacks, eating out, and salt, and 4) fish, meat, poultry, dairy, and eggs

Continuous

Kegler et al., 2014 [29]

F&V intake
Fat intake

F&V intake

F&V intake (servings/day) was calculated based on a two-item screener of the food frequency
questionnaire [78,79] and the 2005 Behavioral Risk Factor Surveillance System [67]

Fat intake

Fat intake (% calories) was calculated by the NCI fat screener [80]

Continuous

Liese et al., 2014 [39]

F&V intake

F&V intake

F&V intake (servings/day) in the past month was calculated by a food frequency questionnaire from
the Multifactor Screener applied in the 2000 National Health Interview Survey [80,81] using a finite
number of fruit and vegetable groups (i.e., fruit juice, fruit, lettuce, vegetables, white potatoes,

and beans).

Continuous

Lo etal., 2019 [34]

F&V intake

F&V intake

F&V intake (servings/day) was calculated based on a food frequency questionnaire from the National
Cancer Institute Fruit and Vegetable Screener [82,83] and the average number of cups per day using
the 2005 MyPyramid cup equivalents [84].

Continuous

Lucan and Mitra, 2012 [25]

F&V intake
Fast-food intake

Two dietary intakes were measured based on the Public Health Management Corporation’s, 2004
Household Health Survey [85]

F&V intake

How many servings of fruits and vegetables do you eat on a typical day (servings/day)?

A serving of a fruit or vegetable is equal to a medium apple, half a cup of peas, or half a large banana
Fast-food intake

In the past seven days, how many times did you eat food from a fast-food restaurant, such as
McDonalds, Pizza Hut or Crown FriedChicken (times/day)?

Continuous

Ma et al., 2018 [40]

F&V intake
Diet quality

F&V intake
Servings per day was measured [80,81].

Continuous
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Author, Year Dietary Habits Measurements Variable Type
Minaker et al., 2013 [37] Diet quality Diet quality Continuous
Healthy Eating Index adapted for Canada (HEI-C) scores [69]
Mean HEI-C scores over two days were calculated by diet record data (range 0 to 100; the higher score
reflects a healthy diet).
Oexle et al., 2015 [41] Fast-food intake Fast-food intake Dichotomous
A slightly altered question from the Multi-Ethnic Study of Atherosclerosis [45,46]
How often do you [typically] eat a meal from a fast-food place such as McDonalds’s, KFC, Taco Bell or
take-out pizza places? By meal we mean breakfast, lunch or dinner, include eat in or takeout.
The frequency was classified binary variables, 1 time/week vs. never and <1 time/week vs. never
Sharkey et al., 2010 [32] F&V intake F&V intake Continuous
Fruit and vegetable intakes were separately measured by self-reported two-item screener [86,87].
(1)  The number of servings of fruit (1/2 cup of fruit or 3/4 cups fruit juice) usually consumed
each day
(2)  The number of servings of vegetables (1/2 cup cooked or 1 cup raw) consumed daily.
Total fruit and vegetable intakes were calculated by combining (1) and (2).
Springvloet et al., 2014 [30] Vegetable intake Vegetable intake Continuous
Food frequency questionnaire [88,89]
Four items using a reference period of one month (g/day)
(1) How many days per week they usually consume cooked and raw vegetables or salads (ranging
from 0 to 7 days per week)?
(2) How many tablespoons of cooked and raw vegetables or salads they usually ate on these days
(ranging from one to six or more)?
Yamaguchi et al., 2019 [33] F&V intake F&V intake and Meat and fish intake Continuous
Meat and fish intake Average intake of vegetables/fruits and meat/fish over a one-month (times/day) [65] was calculated

by the response of ‘every day and over twice/day, every day and once/day, 4-6 times/week, 2-3
times/week, once-a-week, less than once-a-week, or almost never’.

F&V: fruits and vegetables. ? Diet quality was assessed by scores based on an indicator.
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Table 4. Findings and statistical analyses of the association of perceived food environments with dietary food or habits.
Findi Association ?
indings . .y
Author, Year B Coefficient (SE) or 95%ClI) or OR (95%CI) Health}f Food or Unhealtl}y Food or Covariates Statistical Analyses
Diets Diets
Accessibility . .
.. . Age, sex Multiple linear
Alber et al., 2018 [28 Py P
[28] Ease of purchasing in neighborhood race/ethnicity, regression model

B (SE) = —0.02 (0.16)

N.S. (negative)

income, education
and home food

Availability ;
Availability in neighborhood environment
B (SE) = —0.21 (0.13) *

Negative
Affordability
Price in neighborhood
B (SE) = —0.08 (0.16)

N.S. (negative)
Acceptability
Quality in neighborhood
B (SE) =0.33 (0.14) **

Positive
Accessibility , L . All baseline Mixed linear model (the

Bivoltsis et al., 2020 [26] Presence O,f acafé or restaurant within 15 min Wélk of home ) N.S. (positive) ticipant change from baseline
Decrease (i.e., yes to no: improved healthy perceived food environments) participant [before moving house] to
B (95%CI) = 0.003 (—0.15, 0.16) for healthy dietary score chara'cten?tlcs,. follow-u [1—2g ears
B (95%CI) = 0.02 (~0.12, 0.16) for F&V intake N.S. (positive) baseline diet, time | & © reloiaﬁon]};
B (95%CI) = 0.01 (—0.23, 0.25) for unhealthy dietary score N.S. (negative) between baseline
Increase (i.e., no to yes: worsened unhealthy perceived food environments) N.S. (negative) and f911°Wi“P
B (95%CI) = 0.07 (—0.15, 0.28) for healthy dietary score - \Neg questionnaire
completion,

B (95%CT) = 0.02 (—0.17, 0.21) for F&V intake

B (95%CI) = 0.41 (0.08, 0.73) * for unhealthy dietary score

Accessibility

Presence of a supermarket/greengrocer within 15 min walk of home
Decrease (i.e., yes to no: worsened unhealthy perceived food environments)
B (95%CI) = 0.06 (—0.08, 0.21) for healthy dietary score

B (95%CI) = 0.05 (—0.08, 0.18) for F&V intake

B (95%CI) = 0.15 (—0.07, 0.38) for unhealthy dietary score

Increase (i.e., no to yes: improved healthy perceived food environments)
B (95%CI) = 0.05 (—0.20, 0.30) for healthy dietary score

B (95%CI) = 0.05 (—0.18, 0.27) for F&V intake

B (95%CI) = 0.40 (0.02, 0.79) * for unhealthy dietary score

N.S. (negative)

N.S. (negative)
N.S. (negative)

N.S. (positive)
N.S. (positive)

Positive

N.S. (positive)

Negative

self-selection
variables and
accounting for
clustering in the 73
new developments
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Table 4. Cont.
Findi Association ?
Author, Year B Coefficient (SE) (1)1: 91;:%21) or OR (95%CI) Healthy Food or Unhealthy Food or Covariates Statistical Analyses
Diets Diets
Carbonneau et al., 2019 Accessibility Sex, age groups, Multiple linear

(31]

Travel time from home to the main retailer
B (95%CI) = 1.31 (—0.62, 3.24)

Accessibility, availability, affordability, acceptability, and accommodation
Perceived accessibility to healthy foods
B (95%CI) = 0.01 (—1.51, 1.53)

N.S. (positive)

N.S. (positive)

education,
household annual
income, marital
status, smoking
status, nutrition
knowledge and
reporting status of
dietary intake

regression model

Caspi et al., 2012 [7]

Accessibility
Perceived supermarket access

Weekly income,
country of origin,

Generalized estimating
equation

Positive age, gender, food
B (SE) =048 (0.12) *** ir%sec%lrity and town
of residence
Affordability Age, sex, remoteness | \fyltivariable logistic
‘F&V are not affordable in the shop(s) where I buy most of my food” of place of residence, regression model
Chapman et al., 2017 [21] Agree (vs. disagree/neutral) socio-economic
OR (95% CI) = 0.77 (0.63, 0.95) * for meeting fruits recommendation (too little [< 2 Positive quintile of advan-

servings/day] vs. others)

Agree (vs. disagree/neutral)

OR (95% CI) = 0.85 (0.59, 1.22) for meeting vegetable recommendation (too little [< 5
servings/day] vs. others)

I sometimes find it difficult to buy F&V for my household because of the cost

Agree (vs. disagree/neutral)

OR (95% CI) = 0.84 (0.70, 0.99) * for meeting fruits recommendation (too little vs. others)
Agree (vs. disagree/neutral)

OR (95% CI) = 0.82 (0.61, 1.10) for meeting vegetable recommendation (too little

vs. others)

The cost of F&V means that my household buys less than I would like

Often (vs. sometimes)

OR (95% CI) = 0.61 (0.50, 0.75) ** for meeting fruits recommendation (too little

vs. others)

Often (vs. sometimes)

OR (95% CI) = 0.84 (0.59, 1.19) for meeting vegetable recommendation (too little

vs. others)

N.S. (positive)

Positive

N.S. (positive)

Positive

N.S. (positive)

tage/disadvantage,
education,
household income
and number of
children
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Table 4. Cont.
Findi Association ?
indings : isti
Author, Year B Coefficient (SE) or 95%ClI) or OR (95%CI) Health}f Food or Unhealtl}y Food or Covariates Statistical Analyses
Diets Diets

Availability Age, sex Linear regression model

Flint et al., 2013 [38] Choice of F&V N.S. (positive) ragce,/eth,nicity 5
é =0.03 o presence of children

r_oce(r)}z) ;tore choice N.S. (negative) under 12 in the

B=-0. 3 household,
Affordabzﬁty ‘ . household income,
F&V are inexpensive N.S. (positive) completed
B =0.04 B secondary education,
Acceptability . ) employment status
Grocery store quality N.S. (negative) and mode of
B= ;0.03f . transport for food
'(Bziaol(t)}i orFe N.S. (positive) shopping

Availability and acceptability
Perception of healthy food availability

Income, race and sex

Two path analyses:

Freedman et al., 2019 [35] - rood N.S. (=) Cleveland model and the
low-income communities in Cleveland Columbus model
B = no direct association in the path model
low-income communities in Columbus Negative
B=—013* &
Acceptability Age, gender, Negative binomial

Gase et al.,, 2016 [42] Perceived ease of accessing fruit and vegetable scale Positive ragce /gethnicity and reg%ession model
Incident Rate Ratio (95% CI) = 1.05 (1.01, 1.09) * education level

Jilcott Pitts et al., 2015 Accessibility and availability Positive Age at enrollment, Multiple linear

[36]

Perceived neighborhood nutrition barriers
B (SE) = —0.13 (0.05) *

race, sex and
education level

regression model

Kegler et al., 2014 [29]

Accessibility and availability
Neighborhood access to healthy foods
B (SE) = 0.04 (0.04) for F&V intake

B (SE) = 0.04 (0.04) for fat intake
Accommodation

Neighborhood social cohesion

B (SE) = —0.01 (0.06) for F&V intake

B (SE) = 0.09 (0.06) for fat intake

N.S. (positive)

N.S. (negative)

N.S. (positive)

N.S. (positive)

Path analysis, a form of
structural equation
model
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Table 4. Cont.

Association ?

Author, Year B Coefficient ( SE)F (1)1:(;1'51‘1’/§SCI) or OR (95%CI) Healthy Food or Unhealthy Food or Covariates Statistical Analyses

Diets Diets
) Accessibility . Path analvsi
Liese et al., 2014 [39] Ease of Shopplng Access N.S. (posmve) _ ath analysis
B =001
Availability and acceptability
Supermarket Availability positive
B =0.08*
Lo et al., 2019 [34] Accessibility and availability -, Age, body mass Linear regression model
B (SE) =0.14 (0.13) N.S. (positive) index, marital status
and education
Lucan and Mitra, 2012 Accessibility , i The corresponding | Poisson regression and
[25] Poor accessibility of fruits and vegetables N.S. (positive) contextual variable logistic regression
IRR (950/0CI) =0.99 (093, 106) for F&V intake at the neighborhood models
IRR (95%CI) = 1.31 (1.19, 1.45) ** for fast-food intake Positive level,

Poor supermarket accessibility individual-level

IRR (95%CI) = 1.01 (0.98, 1.04) for F&V intake sociodemographic,
IRR (95%CI) = 1.06 (1.00, 1.11) * for fast-food intake Positive and neighborhood
Acceptability sociodemographic
Poor grocery quality
IRR (95%CI) = 1.01 (0.97, 1.05) for F&V N.S. (negative)
intake
IRR (95%CI) = 1.20 (1.12, 1.28) ** for fast-food intake Positive

Accessibility
Ma et al., 2018 [40] Ease of shopping access N.S.
B = no direct association in the path model
Availability

Availability of healthy Foods N.S.
B = no direct association in the path model

N.S. (negative)

Path analysis

Accessibility, availability, and acceptability Age, education level, Multilevel linear
Minaker et al., 2013 [37] | Access-related N.S. (positive) household income regression model
B (SE) = 0.17 (0.47) in women level, car ownership
B (SE) =1.09 (0.46) * in men Positive and waist
Affordability circumference

Food affordability N.S. (positive)
B (SE) = 0.24 (0.49) in women
B (SE) = 0.31 (0.46) in men N.S. (positive)
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Table 4. Cont.
Findi Association ?
indings . .
Author, Year B Coefficient (SE) or 95%ClI) or OR (95%CI) Health}f Food or Unhealtl}y Food or Covariates Statistical Analyses
Diets Diets
?Wﬂa'bilgy ability of fast food Age, sex, Multinomial logistic
) erceived availability of fast foo -, race/ethnicity, level regression model
Oexle etal., 2015 [41] OR (95%CI) = 1.20 (0.80, 1.79) for fast-food consumption 1 time/week (vs. never) N.S. (positive) of educationty &
" employment status
OR (95%CI) = 1.30 (0.88, 1.92) for fast-food consumption < 1 time/week (vs. never) N.S. (positive) ané) ur}‘t])anity of
living environment
Availability, acceptability, and affordability Individual Multivariable linear
Sharkey et al., 2010 [32] The perceived adequacy of community food resources Positive characteristics (live regression model
Food not last alone, female and
B (SE) = —0.97 (0.18) *** age) and distance to
Few grocery stores Positive nearest food store
B (SE) = —0.30 (0.13) * (Supermarket)
Fruit/vegetable (little) variety Positive
B (SE) = —0.40 (0.20) *
Springvloet et al., 2014 Availability o ] Age, sex, place of Linear regression model
[30] Perception of availability in supermarket Negative residence, ethnicity
Bp=-0.05* and education
Affordability
Perception whether vegetables are expensive Negative
p=-0.05*
. Age, sex, family Multilevel logistic
Accessibility Positive structure, BMI, regression model
Yamaguchi et al., 2019 Poor access (vs. good access) ma.r1t.a.l status,.
[33] B (SE) = —0.09 (0.01) *** for V&F intake activities of daily
living, the number of
remaining teeth,
Positive

B (SE) = —0.03 (0.004) *** for Meat & fish intake

presence of
comorbidities,
smoking status,
household income,
and years of
schooling

SE: standard error, OR: odds ratio, CI: confidential interval, IRR: incident rate ratio, F&V: fruits and vegetables, Positive or Negative: direction of the significant association, N.S. (negative
or positive): no significance (the direction of the association): no information. Statistically significant associations: * p < 0.05, ** p < 0.01, and *** p < 0.001. ® A “positive” association
existed when that healthy perceived food environments were significantly associated with a higher intake of healthy food or a lower intake of unhealthy food, and “negative” association,
when healthy perceived food environments were significantly associated with a lower intake of healthy food or a higher intake of unhealthy food. The “positive” association indicated
instances when unhealthy perceived food environments were significantly associated with a lower intake of healthy food or a higher intake of unhealthy food, and “negative” indicated
instances when unhealthy perceived food environments were significantly associated with a higher intake of healthy food or a lower intake of unhealthy food.
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Table 5. The frequencies at which the 19 studies extracted food access dimensions in their analyses and significant association between dimensions and healthy food

or diets.
Food Access Dimensions Studies N? Positive P Negative ¢
Accessibilit Alber et al., 2018 [28]; Bivoltsis et al., 2020 [26]; Carbonneau et al., 2019 [31]; Caspi et al., 2012 [7] *b, 8 2 B
y Lucan and Mitra, 2012 [25]; Lo et al., 2019 [34]; Ma et al., 2018 [40]; Yamaguchi et al., 2019 [33] #b

I Alber et al., 2018 [28] *¢; Flint et al., 2013 [38]; Ma et al., 2018 [40]; Oexle et al., 2015 [41]; _

Availability Springvloet et al., 2014 [30] *¢ > 2
e Alber et al., 2018 [28]; Chapman et al., 2017 [21] *b. Flint et al., 2013 [38]; Minaker et al., 2013 [37];

Affordability Springvloet et al., 2014 [30] *¢ > 1 !
Acceptability Alber et al., 2018 [28] *P; Flint et al., 2013 [38]; Gase et al., 2016 [42] *P; Lucan and Mitra, 2012 [25] 4 2 -
Accommodation Kegler et al., 2014 [29] 1 - -
Accessibility and availability Jilcott Pitts et al., 2015 [36] *P; Kegler et al., 2014 [29] 2 1 -
Availability and acceptability Freedman et al., 2019 [35] *<; Liese et al., 2014 [39] *P 2 1 1
Accessibility, availability, Minaker et al., 2013 [37] *%; Lo et al., 2019 [34] 2 1 -
and acceptability
Awailability, acceptability, b B
and affordability Sharkey et al., 2010 [32] 1 1
Accessibility, availability, affordability, Carbonneau et al., 2019 [31] 1 a B

acceptability, and accommodation

*b Significant positive association. *° Significant negative association. * Number of studies in each dimension. ® Number of studies showing significant positive associations of each
dimension with healthy food or diets. © Number of studies showing significant negative associations of each dimension with healthy food or diets.
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4. Discussion

This is the first systematic review to assess the measures of the perceived food environ-
ments and their associations with dietary behaviors in middle- and high-income countries
in 19 studies. Accessibility and availability were the most commonly measured dimensions
of food access. A positive relationship between healthy perceived food environments
and healthy dietary habits was observed among 17 studies, with nine of studies having a
statistically significant relationship.

4.1. Characteristics of the Study Design

The reviewed studies mostly investigated food environments in the United States
and other Western countries. Global changes in the food system associated with global
economic growth have increased awvailability of unhealthy food [91] and consequently
transformed dietary habits. Therefore, more evidence from different regions of non-Western
countries, such as Asian countries, is required. No significant difference in the association
of subjective food environments and dietary intake between urban and rural areas was
observed in this review. However, studies in rural areas [29,32,34,36] considered the
physical distance and/or number of healthy food stores in neighborhoods. This is because
rural-urban inequality, such as infrastructure challenges and low population density, was
in existence [92]. Therefore, specific strategies for rural communities are required.

In accordance with the present results, significant associations were observed in stud-
ies that targeted specific populations. For example, studies that targeted socially vulnerable
people, such as those with low incomes [7,35,42] and older adults [32,33], indicated a
significant association between perceived food environments and dietary habits. One
review [93] proposed the stigma and food inequity conceptual framework which is com-
posed of the structural (e.g., neighborhood infrastructure and targeted marketing) and
individual (e.g., awareness and endorsement of negative beliefs, thoughts, and beliefs)
levels. These stigmas are associated with food inequities due to access to resources, home
food environments, and psychosocial and behavioral processes, which ultimately under-
mine healthy dietary intake and contribute to food insecurity [93]. To understand the food
environments among vulnerable people, it is necessary to consider the contexts of poverty,
race, nationality, gender, age, malnutrition, and their intersection.

4.2. The Assessment of the Risk of Bias

The moderate level of bias in confounding, selection of participants, intended expo-
sures, and selection of results may be reasonable in the present review because the articles
were observational studies that had limitations in the relevant confounder adjustment,
eligible participant selection, and precise exposure setting compared to a well-designed ran-
domized trial. We did not investigate the statistical power as heterogeneity in the exposure
measurement and outcomes made comparing the effect size difficult, although we selected
studies that targeted at least 200 people. A review observed that evidence depended on not
only the statistical power but also the research methodology [94]. Therefore, this review
assessed the risk of bias (i.e., study quality) comprehensively.

Regarding the bias of missing data, statistical approaches are expected to be considered
for missing data in accordance with the missing patterns [95]. Four studies [25,31,34,35]
considered proper imputation approaches in accordance with data missing completely at
random, missing at random, and not missing at random [95]. A description of the statistical
approaches for missing data is important to assess measurement bias. With respect to bias
in dietary measurements, there were seven studies [7,25,35,38—41] with a low risk of bias as
interviews were conducted by trained staff, which would reduce measurement error.

In the statistical model, all studies in this review considered confounders, such as
age, sex, ethnicity, income, and/or other social determinants of health. However, only
Bivoltsis et al. [26] considered the duration of residence in an area after relocation. The
year of residence can possibly affect the geographic knowledge of the location of neigh-
borhood stores and also impact the cultural acceptability of foods for people moving to



Nutrients 2022, 14, 1788

28 of 33

a new neighborhood. Therefore, the duration of residence should be considered in food
environment research.

4.3. Overview of Measurement Tools of Perceived Food Environments

Five studies [25,28,35,38,40] examined the validity of perceived food environments
using objective measures as a standard. However, it is unclear whether objective (i.e., ge-
ographic) measurements accurately reflect the location of neighborhood primary food
stores [8,9]. In addition, objective measurements are yet to be standardized using a consis-
tent measure [12]. Nevertheless, using both objective and perceived measures is necessary
to capture the complexity of food environments using different measurement tools.

According to the present review, accessibility of food stores within a walkable distance
or convenient time, availability of a variety of fresh fruits and vegetables in the neighbor-
hood could be some of the basic indicators to measure perceived food environments. In
addition, affordability of prices of fruits and vegetables and acceptability of the quality of
fruits and vegetables are necessary to consider the gap between individual perceptions
and neighborhood retail. The indicators using accessibility, availability, affordability, and
acceptability proposed by previous studies [43—48] could be optimized for structuring a food
access measure, given that these indicators were employed in the present eight studies.
These dimensions are useful and helpful from the viewpoint of public health to understand
the measurement of perceived food environments the studies used.

However, the definition of dimensions have to be clearer since one dimension could
overlap with another dimension. For example, certain studies were found to name only
one dimension even when other dimensions were involved [29,31,35,37]. Most studies
in this review did not clearly specify the dimensions. Especially in the definition of
accommodation, convenience of store hours and types of payments are likely to be classified
as accessibility, availability, and acceptability. The difficulty in the classification may limit the
utility of these dimensions.

4.4. Overview of the Association of Perceived Food Environments with Dietary Habits

According to the present review, healthy perceived food environments are positively
associated with healthy dietary habits but the association is weak. One study indicated that
the individual-level factors accounted for the largest variation in fruit and vegetable intake
as compared to that at the area level [96]. Nevertheless, health behaviors interact with phys-
ical and social environments, including food environments [97]. Therefore, interventions
for both individual dietary behaviors and food environments may be important.

From the present results of the inverse relationship between healthy perceived food
environments and unhealthy dietary habits, it is possible that people, especially those with
low incomes [35], do not necessarily make healthy choices when both healthy and unhealthy
foods are accessible, available, acceptable, and affordable. Indeed, the present review
observed a significantly higher fast-food intake in healthy perceived food environments
despite good accessibility of supermarkets/greengrocers [26]. Lucan and Mitra [25] indicated
that poor accessibility of supermarkets, poor availability of produce, and poor acceptability
of grocery quality were significantly associated with high intake of fast food. The present
results imply that even when food environments are subjectively perceived as healthy, they
may still have several choices of unhealthy food, given high awailability of both healthy and
unhealthy foods sold in stores according to consumer demands. A systematic review [98]
investigated serving size labeling which is important to ensure an accurate understanding
of nutritional content and food choices and consumption, among 14 articles (12 articles
were from North America) and indicated that consumers in several studies had a poor
understanding of serving size labeling. Another possibility would be suggested for why
some people do not necessarily make healthy choices in good food environments. People
who live in areas that are not familiar with healthy food may experience certain barriers
in making healthy choices. One study reported that people who were introduced to the
Mediterranean diet, which is considered a healthy diet, found a difficulty in purchasing
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food items due to an increase in food costs and found work, stress, and time pressures
undermined adherence to the diet [99]. Therefore, nutrition education, as well as the
improvement of food marketing, are required at the policy level to combat unhealthy
food consumption so that people can effectively make healthy choices in complex food
environments [100].

To determine food environments, a comprehensive assessment using both objective
and subjective measures at structural and individual levels is required [93]. To terminate
food inequity, it is necessary that policymakers collaborate with communities and private
companies to devise a healthy city plan that includes measures, such as zoning the lo-
cation of grocery/convenience stores. Simultaneously, further studies on the perceived
food environments and literacy of healthy diets are required to monitor and assess the
policy intervention.

4.5. Limitations

The study selection was conducted by three reviewers independently in the first and
second screenings of the study records, keeping each decision blinded. However, the
present review had some limitations that warrant mention. First, the present classification
of perceived food environments according to the five dimensions of food access was incon-
clusive. The classification of the dimensions of food access on perceived food environments
decided by the reviewers may differ from those of other reviewers. Second, there was a pos-
sibility of publication bias in the present review [101]. However, publication bias could be
minimized by conducting a systematic review [13]; as a result, we extracted representative
articles demonstrating evidence-based measurements and outcomes. Third, selection bias
was not completely excluded, although it was minimized by blinding. Fourth, the causality
of the relationship between perceived food environments and dietary habits is still unclear
because all studies in this review were cross-sectional, except for one study [26]. Addition-
ally, this review did not conduct the meta-analysis. A meta-analysis using longitudinal
studies is needed to capture the causal relationship between perceived food environments
and dietary habits, as perceived food environments change over time due to the turnover
of food stores, constructed roads, and individual situations.

5. Conclusions

The order of frequent use of the perceived food environments was availability, ac-
cessibility, acceptability, affordability, and accommodation. Positive association of perceived
food environments with dietary habits was observed, although this association may be
weak. The characteristics of the relationship between perceived food environments and
dietary habits are complex due to socioeconomic and latent background characteristics
at the individual and community levels. Therefore, it is necessary to measure multiple
aspects, such as the combination of food access dimensions of perceived food environments
and to consider the effect of both healthy and unhealthy food in food environments and
dietary habits.
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