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Abstract
Background: The relationships between food environments and dietary intake have been assessed via a range of
methodologically diverse measures of spatial exposure to food outlets, resulting in a largely inconclusive body of
evidence, limiting informed policy intervention.
Objective: This systematic review aims to evaluate the influence of methodological choice on study outcomes by
examining the within-study effect of availability (e.g., counts) versus accessibility (e.g., proximity) spatial exposure
measures on associations with diet.
Methods: (PROSPERO registration: CRD42018085250). PubMed, Web of Science, Scopus and ScienceDirect databases
were searched for empirical studies from 1980 to 2017, in the English language, involving adults and reporting on the
statistical association between a dietary outcome and spatial exposure measures of both availability and accessibility.
Studies were appraised using an eight-point quality criteria with a narrative synthesis of results.
Results: A total of 205 associations and 44 relationships (i.e., multiple measures of spatial exposure relating to a
particular food outlet type and dietary outcome) were extracted from 14 eligible articles. Comparative measures
were dominated by counts (availability) and proximity (accessibility). Few studies compared more complex measures
and all counts were derived from place-based measures of exposure. Sixteen of the 44 relationships had a significant
effect involving an availability measure whilst only 8 had a significant effect from an accessibility measure. The largest
effect sizes in relationships were mostly for availability measures. After stratification by scale, availability measure had
the greatest effect size in 139 of the 176 pairwise comparisons. Of the 33% (68/205) of associations that reached significance, 53/68 (78%) were from availability measures. There was no relationship between study quality and reported
study outcomes.
Conclusions: The limited evidence suggests that availability measures may produce significant and greater effect
sizes than accessibility measures. However, both availability and accessibility measures may be important concepts
of spatial exposure depending on the food outlet type and dietary outcome examined. More studies reporting on
multi-method effects are required to differentiate findings by the type of spatial exposure assessment and build an
evidence base regarding the appropriateness and robustness of measures under different circumstances.
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Background
Dietary risk factors are the leading cause of global illness,
disability and death, largely due to cardiovascular disease,
cancer and diabetes [1]. The community food environment (CFE), defined as the location, type and number
of food outlets [2], is recognised as an important factor
influencing dietary choices. As such, a number of studies have investigated the link between spatial exposure
to food outlet types and dietary outcomes using geographic information systems (GIS) methods [3–6]. The
resulting body of evidence is based on a methodologically
diverse range of spatial exposure measures and mixed
results, with the majority reporting null findings [3]. It is
still unclear what influence the type of spatial exposure
measure has on reported associations with diet. A better
understanding of the methodological influence on study
outcomes is required for effective application of CFE
planning and policy interventions aimed at improving
population dietary choices.
At present, the two main measures of spatial exposure
frequently applied within the CFE-diet literature are density and proximity [5, 7, 8]. For the purpose of this study,
we describe density measures as belonging to the spatial dimension of “availability” and are based on the CFE
within a defined area (neighbourhood) in terms of the
presence, ratio, variety, count, relative density or diversity
of outlets. In contrast, proximity measures are described
as “accessibility” measures based on the distance between
a reference point and the surrounding CFE. Proximity measures are usually expressed as road network distances, straight line distances, travel times or spatial
interaction models including gravity models that quantify the distance decay relationship between two locations where utilisation declines with increasing distance
from a point of reference. Many variations of availability
and accessibility measures have been employed that are
determined using different methods of calculation (e.g.,
accessibility measures determined using straight line
Euclidean distances or road network distances and availability measures determined using probability density
functions such as kernel density estimations or simple
counts within defined pre-buffers) [9]. Heterogeneity of
measures is continuously cited as a challenge when interpreting outcomes across multiple studies [10–13] and
contributes to the current conflicting CFE-diet evidence
base.
Studies examining disparities in the CFE using measures of availability and accessibility have begun to explore
the sensitivity of these measures [8, 14–22]. Accessibility measures have been shown to be robust to variations
in the method of calculation (e.g., Euclidean versus road
network distances) [8, 14, 15]. For example, correlation
coefficients calculated for road network and Euclidean
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distances to supermarkets (r = 0.97) and convenience stores (r = 0.96) suggest a high degree of similarity
between these measures [16]. By comparison, availability
measures are more sensitive to variations in the method
of calculation [15]. For example, road network buffers tend to produce smaller neighbourhood sizes than
Euclidean buffers, potentially altering measures of availability such as counts or relative densities [14, 17, 18].
However, there is less consensus regarding the similarity between availability and accessibility measures. Some
research suggests that measures such as counts and
proximity produce different results [19–21] and differing associations with neighbourhood socio-economic
disadvantage [22]. However, others conclude that relative
density and/or count and proximity measures are largely
comparable [14, 15]. Availability and accessibility measures belong to distinctly different theoretical concepts of
exposure [7], thus are expected to produce distinct measures. Yet the similarities and differences between these
measures are largely unknown.
Individuals may interact with surrounding food outlets
in different ways. To address this, studies are beginning
to employ more than one spatial measure to account for
multiple concepts of exposure. Yet few have assessed the
effect that different spatial exposure measures have on
the relationship with diet [23]. The type of spatial measure could potentially under- or over-estimate the degree
of exposure and influence reported associations with
diet. For example, the association between supermarkets
and individual dietary intake has been demonstrated to
vary depending on the type of spatial exposure measurement [23]. However, it is unclear whether these findings
apply to other food outlet types (e.g., fast food outlets)
and a range of dietary outcomes (e.g., fast food intake or
diet quality). Overall, little is known about how the CFEdiet relationship differs depending on the measure of
spatial exposure for certain food outlet types and dietary
outcomes.
As governments and policy-makers are increasingly
looking for interventions to address the current global
obesity epidemic, there is demand for a greater understanding of the CFE-diet relationship [24]. Spatial information regarding the CFE-diet relationship can provide
specific evidence to both planners and policy-makers to
inform environment level interventions with the potential for widespread effects on population dietary intakes
(e.g., modifying the location, type and number of food
outlets). This reinforces the need for a timely review of
studies that have utilised more than one measure of spatial exposure, to assess how methodological variations
influence the CFE-diet relationship.
Recent reviews of the CFE-diet relationship have not
assessed study quality or distinguished between the
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effects of spatial exposure measure on study outcomes
[3, 4, 11, 25, 26]. Furthermore, previous methodological
reviews have mostly focused on weight related outcomes
rather than diet [27], looked at variations in statistical
techniques and not exposure methodology [28], been
limited to descriptive evaluations of spatial exposure
measures (i.e., provided a summary and definition of the
spatial exposure measures employed within the literature without discussion of their relative effects on study
outcomes) [5, 29], or compared results by type of spatial
exposure measurement across studies and not examined
within-study effects [5, 30].
This systematic review aimed to (1) identify and characterise studies that have employed measures of both
availability and accessibility to examine the CFE-diet
relationship, and (2) evaluate current within-study evidence to determine what effect the choice of spatial
exposure measure (availability versus accessibility) had
on the CFE-diet relationship. Specifically, we investigated the following research question: Does the choice
of within-study spatial exposure measure (availability
versus accessibility) influence associations between the
community food environment and diet? Findings will contribute to a greater understanding of the similarities and
differences among spatial exposure measures, help guide
future research decisions regarding the choice of spatial
exposure measure, and contribute towards establishing indicators of food outlet exposure linked with dietary outcomes. Finally, we provide recommendations to
improve future studies involving the use of spatial exposure measurements.

Methods
The systematic steps outlined in the PRISMA guidelines were used in this review [31]. See also PRISMA
checklist (Additional file 1). The full review protocol
and PROSPERO registration details are available in
the public domain (PROSPERO registration number:
CRD42018085250). https://www.crd.york.ac.uk/PROSP
ERO/display_record.php?RecordID=85250.
Search strategy

Citations were retrieved through a series of searches in
the PubMed, Web of Science, Scopus and ScienceDirect
databases. Searches were conducted using combinations
of keywords within the title and abstract: (density OR
proximity OR GIS OR geographic OR spatial OR exposure OR access* OR location) AND (“food environment”
OR neigh* OR “built environment” OR retail OR outlet*
OR store OR “nutrition environment” OR foodscape OR
supermarket OR shop) AND (diet* OR intake OR fruit
OR vegetable OR food OR consumption OR purchase
OR health* OR nutrition) AND NOT (child* OR school*
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OR adolescent*). Keywords were initially obtained from
relevant reviews and articles and guided by Medical
Subject Heading (MeSH) terms relevant to each concept (see Additional file 2). Final keyword combinations
were refined through a series of iterative searches. Further searches were conducted using combinations of
MeSH terms: (Environment Design”[Mesh] AND “Spatial Analysis”[Mesh]), (Food Analysis”[Mesh] AND “Food
Supply”[Mesh]). Database searches were supplemented
with cited reference searching using all included articles
in the Scopus database and additional citations retrieved
manually from relevant reviews [3–6, 10–13, 25, 26, 32–
36] and the reference lists of included articles. The search
included articles published from 1980 up to December
2017. A detailed outline of the search strategy, keywords
and restrictions applied is available in Additional file 2.
Inclusion and exclusion criteria

The inclusion criteria were: original journal articles of
published, peer-reviewed, empirical studies; in the English language; involving adult (≥ 18 years) human participants; using observational or experimental design;
measuring spatial exposure to the CFE surrounding residences or within residential areas; involving a dietary
outcome (purchase or intake); and reporting on the statistical associations between spatial exposure measures
of both availability and accessibility. We included studies
that derived neighbourhood size using all known methods (e.g., self-defined, network based, and via the use of
global positioning system (GPS) technologies). Studies
were excluded if: they examined the CFE surrounding
work places or schools; they involved mobile food outlets
and/or vending machines; or comparative spatial exposure measures were not of the same food outlet type or
dietary outcome.
We chose the residential environment because it is the
most frequently studied. Similarly, the review was limited
to adults due to the increased availability of published
studies and because the underlying relationship between
the CFE and diet may differ for children and adolescents.
Although it is acknowledged that other aspects of the
food environment (e.g., price, within store food availability, store preference) may influence diet, these were
beyond the scope of this review.
Study selection

The titles of all retrieved citations were initially screened
by one reviewer (author one) and excluded if they were
outside the study scope or duplicates. The remaining
citations were imported into Abstrackr [37] and abstracts
examined for eligibility and inclusion by two independent reviewers (author one and two). The full text articles
of included abstracts were retrieved and further screened
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by the same two reviewers to determine final eligibility.
Discrepancies between reviewers surrounding the eligibility of a particular study were resolved by further evaluation and consensus.
Data extraction

Data were independently extracted (author one) from
each included article relating to study design, study population, location, sample size and response rate, exposure
measurement details (measurement type, geographic
scale and level of data aggregation, food outlet data
sources, year of food outlet data collection, food outlet
type and method of classification), dietary outcomes, dietary assessment method, statistical analyses, adjustment
variables, and study results for each exposure–outcome
relationship examined (i.e., for each published association of food outlet type, spatial exposure measure and
dietary outcome). All extracted associations included a
measure of the effect estimate, and where possible, the
precision [i.e., 95% confidence interval (CI) or standard
error (SE)]. In addition, the p value or significance level
was also extracted (i.e., having a significant association in
the expected, unexpected direction or null (non-significant) findings). Results were extracted from final adjusted
models, or best fit with a significance level of ≤ 0.05.
When articles published the standard deviation (SD) of
exposure variables, this information was also extracted
and used to calculate a standardised effect size.
Data analyses

Extracted odds ratios (OR) were converted to beta (β)
regression coefficients (i.e., β = ln (OR)), for ease of
interpretation across studies and, where possible, standardised (i.e., standardised effect estimate = β*SD). Standardisation of β regression coefficients enabled meaningful
interpretation of within-study effects when spatial exposure measures were measured in different units. Once
standardised, β regression coefficients referred to the
estimated change in a dietary outcome variable per
standard deviation increase in the spatial exposure predictor variable. When it was not possible to calculate a
standardised effect size, p-values or significance levels
were used in combination with effect estimates as an
indicator of the magnitude of each association. A quantitative, meta-analysis could not be performed due to the
heterogeneity in outcome and spatial exposure measurements across studies. As such, between-study comparisons of effect size and significance were limited to
qualitative, descriptive summaries (narrative synthesis).
Within-study effect estimates were stratified by scale (i.e.,
the size of road network or Euclidean buffers) to ensure
a valid comparison and account for the potential influence of geographic scale on measures of spatial exposure.
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Pairwise comparisons of all within-study effect estimates
were made. To assess the within-study effect of availability versus accessibility measures on the relationship with
diet, effect estimates from each study were stratified by
food outlet type and dietary outcome to determine the
largest within-study effect for each of these sub-groups.
Stratification was done to allow for the examination of
any differential associations that may exist between particular food outlet types and dietary outcomes.
Study quality

An assessment of study quality was made for all included
articles. This was done to obtain some measure of the
methodological robustness of available within-study
evidence. Criteria were based on questions from the
National Institutes of Health (NIH) study quality assessment tools and selected to reflect quality concerns previously acknowledged to potentially alter study outcomes
[10, 27, 30]. The scoring tool consisted of 8 criteria, with
scores ranging from 0 to 3: 1. Data aggregation: individual residential address or location (1); arbitrary administrative boundaries with aggregation of data (0). 2. Food
outlet data source: primary data source (i.e., field audit)
(3); > one secondary data set (i.e., a combination of commercial and government sources or use of multiple online
sites to obtain data) (2); single secondary data set (1);
not reported or clearly specified (0). 3. Food outlet validation: ground-truth validation (2); virtual verification
(1); no validation or verification, not reported or clearly
specified (0). 4. Food outlet classification: classification
based on standard government industry codes or own
criteria clearly reported (2); own criteria not adequately
described or justified (1); classification criteria not
reported or clearly specified (0). 5. Study design: ≤ 2 years
between environment and participant data sources (2);
temporal mismatch of > 2 years between environment
and participant data sources (1); not reported or clearly
specified (0). 6. Dietary assessment: validated, quantitative assessment tool likely to represent usual dietary
intake (i.e., food diary or validated food frequency questionnaire) (2); quantitative assessment tool not validated
(1); not representative of usual intake (i.e., 24-h recall or
single item questions), or not reported or clearly specified (0). 7. Response fraction: > 70% (3); 70–50% (2); < 50%
(1); not reported or clearly specified (0). 8. Data analysis:
adjustments made for relevant confounders (2); limited
adjustment (1); no adjustment, not reported or clearly
specified (0). Scores were weighted, whereby the score
for each criterion was divided by the maximum possible value, so that each criterion had the same weighting in the final total score. Final scores were summed for
each article and expressed as a percentage of the total
possible, weighted score (n = 8). Other reviews have
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employed similar techniques to summarise study quality [10, 27, 30]. Assessment of sample sizes was based on
previously applied cut-offs within the literature (0 = ≤ 50,
1 = 51–100, 2 = > 100) [36, 37]. Given that all studies had
a sample size greater than 100, this quality criterion was
excluded. Full scoring is available in Additional file 3.
Study outcomes were examined in relation to quality
scores via a scatter plot of the proportion of associations
that were significant (%) against study quality score (%)
for each article.

Results
Search results

A total of 16,209 citations were retrieved, of which 2106
duplicates were removed based on a match between the
title, authors, year of publication and Journal using reference software. A further 515 and 221 citations were
retrieved from cited reference searches and MeSH
searches, respectively. The titles of all remaining citations
were initially screened with 14,021 excluded because
they were irrelevant and outside the scope of this review.
A remaining 818 citations were identified for abstract
examination. A further 710 citations were excluded based
on a review of the articles abstract, leaving 108 articles for
full text review. Following full text review of the remaining 108 articles, we excluded studies that did not report
on the statistical associations between spatial exposure
measures and dietary outcomes (n = 6), did not incorporate a dietary outcome (n = 5), included no measure of
spatial exposure (n = 16), or only reported on measures
of accessibility or availability (n = 67) (i.e., they either
examined the same spatial exposure measure at different buffer scales or examined multiple measures of availability or multiple measures of accessibility. A total of 14
articles were identified as eligible for inclusion within this
review [23, 38–50] (Fig. 1). See Additional file 2 for a list
of excluded citations with reason for exclusion.
Study characteristics

The main characteristics of the 14 included articles are
presented in Table 1. All were published post 2008, of
cross-sectional design, and took place in urban (n = 10),
mixed (n = 2) or rural (n = 2) areas. Most were conducted in the US (n = 6), with others in Australia (n = 3),
Ireland (n = 1), Canada (n = 1) and the UK (n = 1), Brazil (n = 1) and Denmark (n = 1). Most (n = 10) used the
home address of individual participants as the geographic location from which spatial exposure measures
were determined. Following this, the nearest intersection
to a participant’s home address was used (n = 1). Remaining articles utilised arbitrary administrative boundaries,
either postal codes (n = 1), census collection districts
(CCDs) (n = 1) or census blocks (n = 1) from which the
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geometric centroid or population weighted centroid
was calculated and used to determine spatial exposure
measures. Food outlet classifications were defined using
several different approaches including government coding systems (n = 1), business names of commercial food
chains (n = 2), Standard Industrial Classification Codes
(n = 2), or unique systems based on author-defined features (n = 9), often with little justification or consistency
among studies. This resulted in large variation in the definition and classification of food outlets. To locate food
outlets, most articles utilised secondary data sources
(n = 9), usually government databases or online commercial datasets. Sample sizes ranged from 102 to 48,305
participants. Studies frequently adjusted for common
socio-demographic factors (e.g., sex, age, education and
income). Less frequent adjustments were made for physical activity levels, weight status, car ownership, perceptions of the environment or area-level socio-economic
status.
Study quality scores ranged from 44 to 94%, and most
articles scored in the upper third of the scale (Table 1).
There was no visible trend in study quality scores by
study outcomes, with those articles reporting significant
associations having a similar range of quality scores compared to those articles that reported only null findings
(Fig. 2).
Summary of extracted associations and relationships

Many articles examined multiple dietary outcomes and
food outlet types. As such, the number of extracted associations refers to the individual association between a
particular spatial measure, food outlet type and dietary
outcome. Whereas an extracted relationship refers to the
collection of associations for a particular food outlet type
and dietary outcome (involving more than one spatial
exposure measure). Therefore, within a study, the number of relationships is the number of different dietary
outcomes multiplied by the number of different food outlet types examined (Table 1).
Extracted associations

A total of 205 individual associations were extracted,
each relating to a particular spatial exposure measure
(155 availability and 50 accessibility), food outlet type
and dietary outcome. Extracted effect estimates for
associations included the odds ratio (OR) [39, 40, 47,
49], unstandardised beta (β) regression coefficients [23,
41–46, 48, 50], and percent change [38] and in all cases
these were converted to a standardised (where possible)
or unstandardised β coefficient. For reported percent
change, β = ln (1 + percent change/100). Six articles published sufficient information to calculate standardised β
estimates [23, 38, 43, 46, 48, 50].
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Citaons idenfied through database searches:
• PubMed n = 5,699
• Scopus n = 6,637
• Web of Science n = 352
• Science Direct n = 3,387

Duplicates excluded: n = 2,106

Addional citaons:
• Cited reference
searches n = 515
• MeSH terms n = 221

Fig. 1 PRISMA flow diagram of the systematic search process

Overall, effect sizes were relatively small with 76%
(n = 156/205) of associations having an effect estimate
(β) less than 0.2 and 33% (n = 68/205) reaching statistical significance, most of which (78%) (n = 53/68), were
availability measures comprising mostly of counts in

road network buffers and counts in Euclidean buffers
(38/53), or Euclidean kernel density estimations (15/53).
Figure 3 shows the spread of availability versus accessibility measures across all studies. With the exception of four outliers (4.551, 3.187, 2.240 and 2.120),
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address
and Food
tion system
Register,
DB03, Own
criteria clearly ground-truth
survey 2010
reported

FFQ, validated S + GS + FVS Own criteria
clearly
reported

FFQ

27

Negative bino- 9
mial regression
(sex, age,
education,
household
income,
exercise)

Count
Proximity

Own criteria
clearly
reported

75

77

44

67

Number
Study
of associations quality
(%)

Participant’s
Michigan
home
Department
address
of Agriculture, Detroit
Economic
Group,
phone and
internet
directories,
date NR

Number
of relationships

RF response fraction (%), NR not reported, F fruit, FF fast-food, V vegetables, FV fruit and vegetables, SSD sugar sweetened drinks, DASH dietary approaches to stop hypertension, HEI-C healthy eating index adapted
from Canada guidelines, m/w meals per week, s/d serves per day, s/m serves/month, d/w days per week, m/m meals per month, FFQ food frequency questionnaire, S supermarket, GS grocery store, SS small food store,
TA takeaway, CS convenience store, FFF major chain fast food franchise, ITA general independent takeaway store, ATAAsian takeaway restaurant, OTA other ethnic takeaway restaurant, C café/coffee shop, HTA healthier
takeaway store, STA sweet food takeaway, FVS fruit and vegetable store, FS food store, R restaurant, TFF traditional fast food, NFF non-traditional fast food, BMI body mass index (kg/m2), SES socioeconomic status

Duran
(2016)
[40]

FF ≥ once/w

S
CS
FF

Statistical
Spatial
exposure analyses
measure (adjustment
variables)
2

Geographic
unit

1
Two level
hierarchical
linear regression (sex, age,
household
size, years in
neighbourhood, marital
status, race,
education,
income,
employment,
car ownership)

Food outlet
data source

Census blocks Presence
Own criteria NR, Michigan
Proximity
Department
full-service
chain grocery of Agriculture 2001,
stores or
super centres paper/online
telephone
directories,
company
websites
2001–2002,
ground-truth
survey 2002

Food outlet Food outlet
classification

Semi-quanti- S + GS
tative FFQ

Dietary
assessment
method

FFQ
258 (10.3) FV s/m
Soda and
juice s/m
Sweet and
salty snacks
s/m

919 (55) FV mean s/d

Sample
Dietary
size (RF %) outcome

48,305
Cross-sectional,
Danish Capi- (52.3)
tal Regional
Health Survey
(2010)

Cross-sectional,
≥ 25 years
(2002–2003)

Detroit, US

Zenk
(2009)
[50]

Bernsdorf Copenhagen,
(2017)
Denmark
[39]

Study design
(year of data
collection)

Location

First
author
(date)

Table 1 (continued)
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Fig. 2 Relationship between the proportion of associations that were significant (%) and study quality score (%) for each article. Article 1: [38], 2:
[39], 3: [42], 4: [43], 5: [40], 6: [44], 7: [41], 8: [45], 9: [46], 10: [47], 11: [23], 12: [48], 13: [49], 14: [50]

effect sizes from accessibility measures tended to be
smaller (median = 0.035) than availability measures
(median = 0.113).
Across all associations (n = 205), the proportion that
were significant in the expected direction varied by spatial exposure measure; 61.1% (11/18) that used a Euclidean kernel density estimations were significant, 44%
(30/68) involving counts in road network buffers were
significant, and 40% (8/20) that used counts in Euclidean
buffers were significant (Table 2). For remaining measures, less than 40% of associations were significant in the
expected direction with the exception of variety but this
consisted of only two associations.
Extracted relationships

44 relationships were extracted that involved more than
one spatial exposure measure to assess the association
between a particular food outlet type and dietary outcome (Tables 1 and 2). The most common dietary outcomes were fruit and/or vegetable intake (n = 16/44) and
fast food intake (n = 7/44) assessed via food frequency
questionnaires. Five relationships examined a measure of
diet quality [i.e., dietary approaches to stop hypertension
(DASH) score and Canadian Healthy Eating Index (HEIC)]. Remaining relationships examined takeaway purchase (n = 7/44), soda and juice intake (n = 3/44), sweet
and salty snack intake (n = 3/44), fast food purchase
(n = 2/44), and sugar sweetened drinks (n = 1/44).
A total of 16 different food outlet types were examined
across all relationships, with fast food outlets (n = 11/44)
and supermarkets (n = 15/44) the most commonly used
classifications. Others included grocery stores, fruit and
vegetable stores, small food stores, convenience stores,
and takeaway stores. Most spatial exposure measures

were determined relative to a single food outlet type with
the exception of one article that examined the diversity
and a ratio based on the retail food environment index
(RFEI). No study examined the combined total of all food
outlet types present.
Table 2 provides a description of the 12 different measures of spatial exposure to the CFE. Accessibility measures consisted of proximity (n = 43/44) and average
proximity (n = 7/44), whilst availability measures consisted of a diverse range of measures with counts being
the most prevalent (n = 31/44). Relative density, variety,
diversity and the RFEI were less frequently employed
as were more complex measures involving probability density functions with only three relationships utilising Euclidean kernel density estimations to derive a
continuous density measure [23]. Most relationships
employed between two and four different spatial exposure measures.
Assessment of within‑study effects

Of the 44 relationships, 18/44 (41%) found at least one
statistically significant association with 16/44 of these
being in the expected direction (36%). Of those 16 relationships, 8 had a significant association involving only
an availability measure and 8 had a significant association
for both an availability and accessibility measure. The
largest overall effect size from each relationship consisted
of the availability measures of count (n = 18/44), presence
(n = 4/44), diversity (n = 1/44), relative density (n = 1/44)
and variety (n = 1/44), and accessibility measures proximity (n = 13/44) and average proximity (n = 6/44).
Table 3 provides a summary of all within-study
pairwise comparisons of spatial exposure measures,
stratified by relationship and scale (n = 176). The most
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Fig. 3 Boxplots displaying the spread of extracted effect sizes from a availability and b accessibility measures across all studies

frequently compared measures within a study were
counts in road network buffers with proximity road
network distances (n = 78/176), with counts in road
network buffers having the greatest effect size in 77%
(60/78) of comparisons. Following this, 19 pairwise
comparisons involved counts in Euclidean buffers
with proximity road network distances, and counts in
Euclidean buffers had the greatest effect size in 79%
(15/19) of pairwise comparisons. Overall, availability
measure had the greatest effect size in 139 of the 176
pairwise comparisons.
Results varied by food outlet type and dietary outcome measure (see Additional file 4 for a full list of
extracted effect sizes). Sixteen relationships (i.e., 16/44)
examined either fruit, vegetable, or fruit and vegetable intake, and proximity (accessibility) to supermarkets, small stores and fruit and vegetable stores had the
greatest within-study effect size (n = 8/16) followed by
the availability measures counts (n = 6/16) and presence (n = 2/16) (Additional file 4a). Fourteen relationships (i.e., 14/44) examined fast food or unhealthy
food intake (including soda and juice; sweet and salty
snacks), and a count of fast food outlets or convenience stores frequently had the greatest within-study
effect on fast food intake (n = 4/14) or unhealthy food
intake (n = 4/14), most of which were significant (Additional file 4b). The proximity to takeaway food outlets
frequently had the greatest within-study effect on takeaway purchase (Additional file 4c), however all comparisons were from the same study population. Only one
article (two relationships) examined fast food purchase,
with proximity road network distance to fast food outlets and variety of fast food outlets in road network
buffers having the greatest effect on fast food purchase
(Additional file 4c). There was no apparent trend in
within-study effects of spatial exposure measures and
diet quality, yet all five relationships involved differing food outlet types and comparative spatial exposure
measures (Additional file 4d).

Discussion
Summary of key findings

This systematic review identified 14 articles that met
eligibility criteria, from which 44 distinct relationships
and 205 individual associations were extracted. The
main aim was to determine what influence the different spatial exposure measures of availability and accessibility had on the CFE-diet relationship, by examining
within-study effects. This review highlights several key
findings including: (1) the overall small statistical effect
sizes for associations between spatial exposure to food
outlets and dietary outcomes; (2) how few studies have
utilised more than one type of spatial exposure measure
of the food environment; (3) that availability measures
(opposed to accessibility measures) may be more likely to
produce statistically significant and greater effect sizes;
and (4) the need for future studies to consider the comparative effect on dietary outcomes of spatial exposure
measures derived from place-based versus people-based
approaches.
Overall, extracted effect sizes were relatively small, but
availability measures tended to produce larger effect sizes
than accessibility measures and were more likely to reach
statistical significance. The most commonly compared
measures within studies were counts in road network
buffers with proximity road network distances. Within
studies involving both availability and accessibility measures, availability measures were more likely to reach
statistical significance in comparison to accessibility
measures. Furthermore, the greatest within-study effect
sizes consisted mostly of availability measures and largely
from counts in road network buffers. However, results
varied by food outlet type and dietary outcomes. Proximity to supermarkets, small stores and fruit and vegetable
stores frequently had the greatest within-study effect on
fruit, vegetable, and fruit and vegetable intake. Whereas,
a count of fast food outlets and convenience stores frequently had the greatest within-study effect on fast food
intake and unhealthy food intake. Despite the variation

Euclidean buffer

Road network distance

7

38

11

1

(28.6)

21 (2.6)

36.4

0

0

7.7

8

9

40

44

50

c

The percentage of unexpected associations is placed in brackets

Dunn (2012) [43] did not report on the technique used to determine proximity, count within a 1 mile buffer, and count within a 3 mile buffer. Therefore, these associations (n = 3) were excluded from the table

7

36

7

1

1

13

12

11

20

68

2

61.1

% of associations
significant in the expected
or unexpected directionc

Count of the total number of relationships that employed a particular measure

Average road network distance from a reference location to
all outlets

Ratio of different outlet types within a defined circular area
calculated using a straight line radius from a reference location

1

9

5

8

5

26

2

18

Number
of associations
(n = 202)b

b

Road network distance

Road network distance from a reference location to the nearest outlet

Euclidean distance

Proximity

Average proximity

Straight line distance from a reference location to the nearest
outlet

Euclidean buffer

Retail food
environment
index

Number of different outlet category types within a defined
circular area calculated using a straight line radius from a
reference location

Euclidean buffer

Diversity

Number of outlets relative to another quantity within a
defined circular area calculated using a straight line radius
from a reference location

Euclidean buffer
count/10,000 population

Binary presence/absence (1, 0) of outlets within a defined area
calculated using a road network radius from a reference
location

Road network buffer

Relative density

Binary presence/absence (1, 0) of outlets within a defined
circular area calculated using a straight line radius from a
reference location

Euclidean buffer

Number of different outlets belonging to the same outlet
category type within a defined area calculated using a road
network radius from a reference location

3

Number
of relationshipsa

a

Accessibility

Number of outlets within a defined circular area calculated
using a straight line radius from a reference location

Road network buffer

Count

Presence

Number of outlets within a defined area calculated using a
road network radius from a reference location

Road network buffer

Variety

A continuous density surface across a given area based on
defined Euclidean kernels calculated using a probability
density function

Euclidean kernel density
estimation

Continuous
density

Availability

Description

Measure

Concept

Table 2 Description of spatial exposure measures from extracted relationships and associations
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in study quality across the 14 included articles, there was
no relationship between study quality and the proportion of associations found to be significant for each article. Other reviews examining the relationship of the CFE
with obesity have also found no influence of study quality
on results [30].
Implications for research and practice

Few studies have employed multiple measures of spatial exposure to examine the CFE-diet relationship. As
seen in previous reviews [5], the most frequently applied
measures were counts and proximity. Findings suggest
that both accessibility (e.g., proximity) and availability
(e.g., counts) measures are important concepts to consider when measuring spatial exposure to the CFE since
they may produce differing effects depending on food
outlet type and dietary outcome measures. However,
counts tended to return more robust associations with
dietary intake. Thus, the number of available food outlets
and concepts such as choice and concentration may have
a greater influence on diet than the distance required to
travel to the closest food outlet. This was more apparent
for fast food intake, suggesting living in an area where
there are more fast food outlets available may impact fast
food intake more than proximity alone. This has been
suggested elsewhere, with a greater percentage of studies from a recent review finding a significant association
between density rather than proximity to fast food outlets and unhealthy dietary outcomes [3]. This has implications when establishing evidence-based CFE planning
and policy interventions since limiting the density of
fast food outlets within residential areas may represent
a promising strategy for improving population dietary
choices.
Yet our findings demonstrate how measures of spatial
exposure to the CFE may influence dietary choices differentially, depending on the food outlet type, highlighting
the need for a multi-method approach when measuring
spatial exposure. For example, we observed that proximity to a supermarket may be more important than
the number of supermarkets available when it comes to
fruit and vegetable intake. However, natural experiments
examining the influence of opening a new supermarket have shown mixed findings [51–56] indicating the
relationship between supermarkets and dietary intake
is more complex than proximity alone and probably
involves multiple factors such as shopping preference,
available transport links, access to a motor vehicle, and
the presence of other food outlets.
Overall, most effect estimates were relatively small,
and over half of extracted associations reported null
results only. It is likely that the effects of spatial exposure
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measures on dietary intake are small, relative to a range
of other factors such as within-store characteristics [57],
individual preferences [58] and perceptions of access and
availability [59]. These may all be meaningful concepts
with small to moderate effects, operating in combination, emphasising the complex relationship between the
food environment and dietary choices [2, 60]. Moreover,
associations between spatial exposure to food outlets and
dietary outcomes may be subtly moderated by individual
characteristics such as gender, age, education, income
and marital status.
Alternatively, the small effect sizes may relate to the
methods used to measure exposure. Studies involving within-store assessments of available food sources
[61, 62] or use of people-based activity spaces to define
exposure [63–65] have shown positive associations with
dietary outcomes. These approaches provide a more
accurate assessment of an individual’s daily exposure to
food sources and are being recognised as the preferred
best-practice within the field. Emerging findings from
these studies, in comparison to the mostly null findings
in this review, may serve to illustrate how the widely used
place-based spatial exposure measures of proximity and
count to arbitrarily defined food outlet classifications
fail to accurately operationalise exposure. From a policy
perspective, this has implications when interpreting
and synthesising the existing literature as a large majority of the findings may not be representative of actual
lived-experiences given the methods used and thus the
results should be interpreted with caution. All studies
in this review had at least one methodological limitation
(e.g., inconsistent classification of food outlet types, lack
of validation of food outlet data, and use of error-prone
dietary assessment methods), most of which have been
extensively cited elsewhere in food environment research
[3, 4, 10–12, 25, 66–69]. Too much measurement error
in the dependent and independent variables and a largely
cross-sectional evidence-base may also be influencing
effect sizes.
It is still common for researchers to examine associations between dietary outcomes and spatial exposure to
food outlets derived from place-based measurements as
this is often the most feasible and realistic approach for
large, population based studies [70]. Therefore, improving study designs, and working towards addressing common methodological issues will serve to reduce error
and improve precision in place-based measures spatial
exposure. Furthermore, where possible, the findings from
best-practice research should be used to inform the way
‘neighbourhood’ is operationalised and how food outlets
are defined and classified in future studies.
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Table 3 Summary of within-study pairwise comparisons of availability versus accessibility measures
Pairwise comparison

Total

Count versus proximity

100

Measure with greatest effect size (percentage of total)
Count (75%)

Count road network buffer
Proximity road network distance

78

Count road network buffer (77%)

Count Euclidean buffer
Proximity road network distance

19

Count Euclidean buffer (79%)

Count road network buffer
Proximity Euclidean distance

3

Proximity Euclidean distance (100%)

Presence versus proximity

23

Presence (74%)

Presence road network buffer
Proximity road network distance

12

Presence road network buffer (100%)

Presence Euclidean buffer
Proximity road network distance

7

Presence Euclidean buffer (71%)

Presence Euclidean buffer
Proximity Euclidean distance

4

Proximity Euclidean distance (100%)

Continuous density versus proximity

18

Continuous density (89%)

Proximity road network distance
Euclidean kernel density estimation

18

Euclidean kernel density estimation (89%)

Relative density versus proximity

25

Density Euclidean buffer/10,000 population (76%)

Density Euclidean buffer/10,000 population
Proximity Euclidean distance

18

Density Euclidean buffer/10,000 population (67%)

Density Euclidean buffer/10,000 population
Proximity road network distance

7

Proximity road network distance (100%)

Relative density versus average proximity

7

Average proximity (100%)

Density Euclidean buffer/10,000 population
Average proximity road network distance

7

Average proximity road network distance (100%)

Variety versus proximity

2

Variety and proximity (50%)

Variety road network buffer
Proximity road network distance

2

50%

RFEI versus proximity

1

Proximity (100%)

RFEI Euclidean buffer
Proximity road network distance

1

Proximity road network distance (100%)

Dunn (2012) [43] did not report on the technique used to determine proximity, count within a 1 mile buffer, and count within a 3 mile buffer. Therefore, these
associations (n = 3) were excluded from the table

Strengths and limitations of this review

This review provides the first summary of studies to date
to consider the effect of differences in spatial exposure
measures when examining the CFE-diet relationship.
Previous reviews of the CFE-diet relationship have not
distinguished their findings from studies with only one
measure and studies with more than one measure of spatial exposure. Given the methodological heterogeneity
among studies, summaries made across studies are less
robust and subject to bias associated with the ways in
which those studies were undertaken. However, by making within-study comparisons, our review provides more
reliable findings of the CFE-diet relationship.
Within-study comparisons of standardised β regression
coefficients have not been reported in earlier reviews of
this nature, and our review is the first to our knowledge
to compare within-study effect sizes of different measures of spatial exposure to food outlets. When comparing
within-study effects, this review accounted for the scale

at which availability measures were derived (i.e., differing
buffer sizes) as previous work has indicted the presence
of potential scale effects on exposure measures [71, 72].
Previous reviews examining the CFE-diet relationship
have not stratified their findings by scale. Further, our
review included a measure of study quality which is lacking in the majority of previously published reviews with
no previous reviews involving dietary outcomes having
measured study quality.
However, several inconsistent methodological issues
and contextual differences limited the interpretability
of findings. Summaries of effect sizes and statistical significance across studies were subject to bias associated
with variation in dietary assessment methods [73]. For
example, diet quality indices, (i.e., DASH and HEI-C),
are more complex measures subject to greater variance
and error versus simple frequency questions, influencing relationships with spatial exposure. Inconsistency in
the source, validation, classification and aggregation of
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food outlet data and derived spatial exposure measures
was also likely to influence study outcomes and remains a
challenge in the field of food environment research when
combining evidence. As such, variance in the outcomes
and effect sizes between studies was likely confounded by
how those studies were conducted. The statistical findings from included studies may not apply to all individuals, particularly for those studies that made use of large
population data sets. The relationships between spatial
exposure to food outlets and dietary intake may vary for
particular sub-groups or individuals with certain demographic characteristics [74]. Furthermore, it was not
possible to standardise all effect sizes, so conclusions
regarding the comparative magnitude of some withinstudy effects should also be interpreted with caution.
Summaries of findings across studies were dominated
by the prevalent measures of spatial exposure (i.e., count
and proximity). Similarly, within-study pairwise comparisons were dominated by those from one study population
[23]. Several spatial exposure measures were less prevalent (i.e., variety, diversity, RFEI and Euclidean kernel
density estimations), with minimal comparisons preventing valid conclusions. Limited within-study comparisons involving diet quality, takeaway purchase and fast
food purchase, prevented valid conclusions regarding
the influence of spatial exposure measurement on these
dietary outcomes. More research is required to clarify
potential effects, if any, involving these less prevalent
exposure measures and dietary outcomes. Furthermore,
included studies often employed more than one availability measure, this could likely mean more chances for an
effect to be significant, thus contributing to the greater
number of significant effects belonging to availability
measures.
Results presented in this review were for associations
extracted from studies in which the statistical outcomes
were provided. Often when studies examined multiple
associations using different dietary outcomes, food outlet types and exposure measures, only significant associations were reported, so it was not possible to include
these comparisons within this review. Given the preference towards publication of significant results, the
omission of non-significant results from multi-method
studies is undesirable, creating a biased evidence base
and preventing any evaluation of the effect of spatial
exposure measurement on study outcomes. Furthermore, no studies included in this review made reference
to the consideration of spatial autocorrelation or applied
spatial regression and/or analytical techniques. Previous work has identified that the spatial nature of data is
infrequently acknowledged or accounted for in analyses
within this field of research [75]. The presence for spatially correlated residuals could violate the assumptions
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of traditional regression methods and influence results,
thus altering the findings of this review.
Finally, this review focused on the most commonly
used methodology and evaluated studies that assessed
exposure to food outlets around the home or within residential areas, in adults and involving dietary outcomes.
Findings may differ with different outcomes (i.e., weight
status) or for different population groups (i.e., children).
New emerging methodological techniques involving the
use of global positioning systems (GPS) to track individuals and determine ‘total activity spaces’, or places
frequently visited is a developing area [17, 76, 77]. Studies have begun to examine the links between diet and
GPS-derived exposure measures, yet findings so far are
equally mixed [76, 77]. This review identified no studies
that provided a within-study comparison of availability
and accessibility spatial exposure measures involving the
use of total activity spaces. Although GPS technologies
offer potential for determining more valid measures of
exposure, certain limitations in terms of costs, feasibility within large sample sizes, user compliance and level
of processing complexity of GPS data may presently limit
their widespread use [73]. Indeed, most research to-date
has measured exposure to food outlets relative to an individual’s home address [77] as this represents a feasible
approach for quantifying exposure–outcome relationships across large spatial and temporal scales for use in
policy and urban planning.
Recommendations

This review highlights the limited number of studies,
relative to the wider literature [3], which have examined
and reported on the potential for different measures of
spatial exposure to moderate observed CFE-diet relationships. There is still no consensus on the use of different
exposure measures within the field of food environment
research. Therefore, when employing such measures
to examine the CFE-diet relationship, a multi-method
approach is recommended. Inclusion of more than one
spatial exposure measure is likely to provide a more comprehensive description of exposure by capturing multiple
aspects of availability and accessibility. Given the effects
of spatial exposure may vary depending on food outlet
type, dietary outcome and contextual factors, researchers should aim to include measures that are relevant for
different population groups and settings by specifying
a priori hypotheses relating to the conceptualisation of
exposure. When multiple measures are employed, studies should report on any sensitivity analyses or include
observed effect sizes and p-values, to allow researchers to
evaluate the importance of results or any non-significant
effects. Identifying and providing statistical information
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for a range of metrics associated with diet will support
the development of planning policy and urban design
guidelines and serve towards the development of standardised indicators of exposure.
Few studies have examined the use of GPS derived
activity spaces or more alternative measures such as kernel density estimations, spatial interaction models and
travel time/cost models together with more frequently
employed, traditional measures such as proximity and
counts within place-based buffers. These alternative
approaches of deriving spatial exposure show promise
when examining disparities in the availability and accessibility of food outlets [78] and links with diet [23, 79].
No study has examined the comparative performance of
spatial interaction models and more traditional measures
of spatial exposure, despite their advantages and demonstrated success within other fields of research. For example, in physical activity research, gravity models have
been applied to investigate the relationship between public open space and walking [80]. The use of kernel density estimations and spatial interaction models also serve
to overcome certain methodological challenges such as
defining ‘neighbourhood’ areas and the associated uncertain geographic context problem [81]. Spatial interaction
models allow for the incorporation of multiple concepts
likely to influence exposure in addition to distance such
as quality, attractiveness and size of food outlets. Comparative studies exploring how the use of place-based
measures of exposure and less frequently applied methods of spatial modelling moderate exposure-diet relationships will provide further methodological insights.

Conclusions
This systematic review summarised the within-study
evidence from 14 articles to determine the effect of different spatial exposure measures on dietary outcomes.
The limited evidence suggests that availability measures
may be more likely to produce statistically significant
and greater effect sizes than accessibility measures.
However, the greater use of availability measures may
have contributed to this finding. Furthermore, this may
vary depending on the food outlet type and dietary
outcomes examined. Findings suggest that proximity
to a supermarket (accessibility) may be more important than the count or presence (availability). Whereas
a count of fast food and/or convenience stores may
influence unhealthy food intake more than the proximity. More research is required to explore the methodological effects of less prevalent exposure measures
(e.g., involving the use of GPS derived activity spaces
and spatial modelling), food outlet types and dietary
outcomes within specific sub-populations and contextual settings. Furthermore, reporting on the results of
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multi-method studies is needed to differentiate findings by the type of spatial exposure measure, which
will establish evidence for the appropriateness of each
measure and help discern those which may be more relevant under certain circumstances. These findings will
ultimately serve to provide greater clarity and insight
into appropriate targets for policy and urban planning
aimed at improving dietary outcomes.

Additional files
Additional file 1. PRISMA checklist. PRISMA checklist.
Additional file 2. Search strategy. Search strategy and list of excluded
citations.
Additional file 3. Study quality scores. Criteria and scoring system used
to determine study quality.
Additional file 4a. Summary of associations with fruit, vegetable, and
fruit and vegetable intake by food outlet type *. b. Summary of associations with fast food and unhealthy food intake by food outlet type *. c.
Summary of associations with takeaway purchase and fast food purchase
by food outlet type *. d. Summary of associations with diet quality by food
outlet type*. Summary of extracted effect sizes and p values for associations between food outlet exposure and dietary outcomes.

Abbreviations
ATA: Asian takeaway restaurant; BMI: body mass index; C: café/coffee shop;
CCD: census collection district; CFE: community food environment; CI:
confidence interval; CS: convenience store; d/w: days per week; DASH: dietary
approaches to stop hypertension; F: fruit; FF: fast food; FFF: major chain fast
food franchise; FFQ: food frequency questionnaire; FS: food store; FV: fruit
and vegetables; FVS: fruit and vegetable store; GIS: geographic information systems; GS: grocery store; HEI-C: Canadian Healthy Eating Index; HTA:
healthier takeaway store; ITA: general independent takeaway store; m/m:
meals per month; m/w: meals per week; NFF: non-traditional fast food; NR: not
reported; OR: odds ratio; OTA: other ethnic takeaway restaurant; R: restaurant;
RF: response fraction; RFEI: retail food environment index; S: supermarket; s/d:
serves per day; SD: standard deviation; SE: standard error; SEM: standard error
of the mean; SES: socio-economic status; SS: small food store; STA: sweet food
takeaway; TA: takeaway; TFF: traditional fast food; V: vegetables.
Author contributions
GLA, GT and MK contributed towards conceptualisation of the study. AB and
EC undertook the review, AB performed all data analysis and wrote the manuscript. EC, GLA, GT, MK and PH critically revised the manuscript for important
intellectual content. All authors read and approved the final manuscript.
Author details
1
School of Population and Global Health, The University of Western Australia,
M451, 35 Stirling Highway, Crawley, Perth, WA 6009, Australia. 2 School
of Human Sciences, The University of Western Australia, 35 Stirling Highway,
Crawley, WA 6009, Australia. 3 Telethon Kids Institute, The University of Western
Australia, PO Box 855, West Perth, WA 6872, Australia. 4 School of Agriculture
and Environment and the School of Human Sciences, The University of Western Australia, 35 Stirling Highway, Crawley, WA 6009, Australia.
Acknowledgements
None.
Competing interests
The authors declare that they have no competing interests.
Availability of data and materials
The data generated or analysed during this study are included in this published article (and its Additional files 1, 2, 3, 4).

Bivoltsis et al. Int J Health Geogr (2018) 17:19

Consent for publication
Not applicable.
Ethics approval and consent to participate
Not applicable.
Funding
Alexia Bivoltsis is supported by an Australian Government Research Training
Program (RTP) Scholarship and University of Western Australia Safety-Net
Top-Up Scholarship. Eleanor Cervigni is supported by a University Postgraduate Award Scholarship and University of Western Australia Safety-Net Top-Up
Scholarship. Gina Trapp is supported by a NHMRC Early Career Research Fellowship (#1073233). Funding sources had no involvement in the design, collection, analysis, writing and interpretation of data or the decision to submit
this article for publication.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.
Received: 8 November 2017 Accepted: 1 June 2018

References
1. Forouzanfar MH, Alexander L, Anderson HR, Bachman VF, Biryukov S,
Brauer M, Burnett R, Casey D, Coates MM, Cohen A, Delwiche K. Global,
regional, and national comparative risk assessment of 79 behavioural,
environmental and occupational, and metabolic risks or clusters of risks
in 188 countries, 1990–2013: a systematic analysis for the Global Burden
of Disease Study 2013. Lancet. 2015;386(10010):2287–323.
2. Glanz K, Sallis JF, Saelens BE, Frank LD. Healthy nutrition environments:
concepts and measures. Am J Health Promot. 2005;19(5):330–3.
3. Black C, Moon G, Baird J. Dietary inequalities: what is the evidence for
the effect of the neighbourhood food environment? Health Place.
2014;27:229–42.
4. Caspi CE, Sorensen G, Subramanian SV, Kawachi I. The local food environment and diet: a systematic review. Health Place. 2012;18(5):1172–87.
5. Charreire H, Casey R, Salze P, Simon C, Chaix B, Banos A, Badariotti D,
Weber C, Oppert JM. Measuring the food environment using geographical information systems: a methodological review. Public Health Nutr.
2010;13(11):1773–85.
6. Lytle LA, Sokol RL. Measures of the food environment: a systematic review
of the field, 2007–2015. Health Place. 2017;44:18–34.
7. Penchansky R, Thomas JW. The concept of access: definition and relationship to consumer satisfaction. Med Care. 1981;19(2):127–40.
8. Van Meter E, Lawson AB, Colabianchi N, Nichols M, Hibbert J, Porter D,
Liese AD. Spatial accessibility and availability measures and statistical
properties in the food environment. Spat Spatiotemporal Epidemiol.
2011;2(1):35–47.
9. Thornton LE, Pearce JR, Kavanagh AM. Using Geographic Information
Systems (GIS) to assess the role of the built environment in influencing
obesity: a glossary. Int J Behav Nutr Phys Act. 2011;8(1):71–9.
10. Beaulac J, Kristjansson E, Cummins S. A systematic review of food deserts,
1966–2007. Prev Chronic Dis. 2009;6(3):A105–14.
11. Fleischhacker SE, Evenson KR, Rodriguez DA, Ammerman AS. A systematic review of fast food access studies. Obes Rev. 2011;12(5):e460–71.
12. Fraser LK, Edwards KL, Cade J, Clarke GP. The geography of fast food
outlets: a review. Int J Environ Res Public Health. 2010;7(5):2290–308.
13. Larson N, Story M. A review of environmental influences on food choices.
Ann Behav Med. 2009;38(1):56–73.
14. Burgoine T, Alvanides S, Lake AA. Creating ‘obesogenic realities’; do our
methodological choices make a difference when measuring the food
environment? Int J Health Geogr. 2013;12(1):33–41.
15. Sparks AL, Bania N, Leete L. Comparative approaches to measuring
food access in urban areas the case of Portland, Oregon. Urban Stud.
2011;48(8):1715–37.

Page 18 of 20

16. Laraia BA, Siega-Riz AM, Kaufman JS, Jones SJ. Proximity of supermarkets
is positively associated with diet quality index for pregnancy. Prev Med.
2004;39(5):869–75.
17. Crawford TW, Pitts SB, McGuirt JT, Keyserling TC, Ammerman AS. Conceptualizing and comparing neighborhood and activity space measures for
food environment research. Health Place. 2014;30:215–25.
18. Lyseen AK, Hansen HS, Harder H, Jensen AS, Mikkelsen BE. Defining
neighbourhoods as a measure of exposure to the food environment. Int J
Environ Res Public Health. 2015;12(7):8504–25.
19. Apparicio P, Cloutier MS, Shearmur R. The case of Montreal’s missing food
deserts: evaluation of accessibility to food supermarkets. Int J Health
Geogr. 2007;6(1):4–16.
20. Jaskiewicz L, Block D, Chavez N. Finding food deserts a comparison of
methods measuring spatial access to food stores. Health Promot Pract.
2015;17(3):400–7.
21. Smoyer-Tomic KE, Spence JC, Amrhein C. Food deserts in the prairies?
Supermarket accessibility and neighborhood need in Edmonton, Canada.
Prof Geogr. 2006;58(3):307–26.
22. Ball K, Timperio A, Crawford D. Neighbourhood socioeconomic inequalities in food access and affordability. Health Place. 2009;15(2):578–85.
23. Thornton LE, Pearce JR, Macdonald L, Lamb KE, Ellaway A. Does the
choice of neighbourhood supermarket access measure influence associations with individual-level fruit and vegetable consumption? A case
study from Glasgow. Int J Health Geogr. 2012;11(1):29–40.
24. Swinburn B, Sacks G, Vandevijvere S, Kumanyika S, Lobstein T, Neal B,
Barquera S, Friel S, Hawkes C, Kelly B, L’abbé M. INFORMAS (International
Network for Food and Obesity/non-communicable diseases Research,
Monitoring and Action Support): overview and key principles. Obes Rev.
2013;14(S1):1–12.
25. Giskes K, van Lenthe F, Avendano-Pabon M, Brug J. A systematic review
of environmental factors and obesogenic dietary intakes among adults:
are we getting closer to understanding obesogenic environments? Obes
Rev. 2011;12(5):e95–106.
26. Rahmanian E, Gasevic D, Vukmirovich I, Lear SA. The association between
the built environment and dietary intake—a systematic review. Asia Pac J
Clin Nutr. 2014;23(2):183–96.
27. Gamba RJ, Schuchter J, Rutt C, Seto EY. Measuring the food environment
and its effects on obesity in the United States: a systematic review of
methods and results. J Community Health. 2015;40(3):464–75.
28. Martin A, Ogilvie D, Suhrcke M. Evaluating causal relationships between
urban built environment characteristics and obesity: a methodological review of observational studies. Int J Behav Nutr Phys Act.
2014;11(1):142–56.
29. Kelly B, Flood VM, Yeatman H. Measuring local food environments:
an overview of available methods and measures. Health Place.
2011;17(6):1284–93.
30. Cobb LK, Appel LJ, Franco M, Jones-Smith JC, Nur A, Anderson
CA. The relationship of the local food environment with obesity: a
systematic review of methods, study quality, and results. Obesity.
2015;23(7):1331–44.
31. Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group. Preferred
reporting items for systematic reviews and meta-analyses: the PRISMA
statement. PLoS Med. 2009;6(7):e1000097.
32. Casagrande SS, Whitt-Glover MC, Lancaster KJ, Odoms-Young AM, Gary
TL. Built environment and health behaviors among African Americans: a
systematic review. Am J Prev Med. 2009;36(2):174–81.
33. Giskes K, Kamphuis CB, van Lenthe FJ, Kremers S, Droomers M, Brug J.
A systematic review of associations between environmental factors,
energy and fat intakes among adults: is there evidence for environments that encourage obesogenic dietary intakes? Public Health Nutr.
2007;10(10):1005–17.
34. Kamphuis CB, Giskes K, de Bruijn GJ, Wendel-Vos W, Brug J, Van Lenthe FJ.
Environmental determinants of fruit and vegetable consumption among
adults: a systematic review. Br J Nutr. 2006;96(4):620–35.
35. McKinnon RA, Reedy J, Morrissette MA, Lytle LA, Yaroch AL. Measures of
the food environment: a compilation of the literature, 1990–2007. Am J
Prev Med. 2009;36(4):S124–33.
36. Ni Mhurchu C, Vandevijvere S, Waterlander W, Thornton LE, Kelly B,
Cameron AJ, Snowdon W, Swinburn B. Monitoring the availability
of healthy and unhealthy foods and non-alcoholic beverages in

Bivoltsis et al. Int J Health Geogr (2018) 17:19

37.

38.
39.
40.
41.
42.
43.
44.
45.
46.

47.
48.
49.

50.
51.
52.
53.

54.
55.
56.
57.
58.

community and consumer retail food environments globally. Obes Rev.
2013;14(S1):108–19.
Wallace BC, Small K, Brodley CE, Lau J, Trikalinos TA. Deploying an interactive machine learning system in an evidence-based practice center:
Abstrackr. In: Proceedings of the ACM international health informatics
symposium (IHI); 2012. p. 819–24.
Athens JK, Duncan DT, Elbel B. Proximity to fast-food outlets and supermarkets as predictors of fast-food dining frequency. J Acad Nutr Diet.
2016;116(8):1266–75.
Bernsdorf KA, Lau CJ, Andreasen AH, Toft U, Lykke M, Glümer C. Accessibility of fast food outlets is associated with fast food intake. A study in
the Capital Region of Denmark. Health Place. 2017;48:102–10.
Duran AC, de Almeida SL, Maria do Rosario DO, Jaime PC. The role of the
local retail food environment in fruit, vegetable and sugar-sweetened
beverage consumption in Brazil. Public Health Nutr. 2016;6:1093–102.
LeDoux TF, Vojnovic I. Examining the role between the residential neighborhood food environment and diet among low-income households in
Detroit, Michigan. Appl Geogr. 2014;55:9–18.
Bodor JN, Rose D, Farley TA, Swalm C, Scott SK. Neighbourhood fruit and
vegetable availability and consumption: the role of small food stores in
an urban environment. Public Health Nutr. 2008;11(04):413–20.
Dunn RA, Sharkey JR, Horel S. The effect of fast-food availability on fastfood consumption and obesity among rural residents: an analysis by
race/ethnicity. Econ Hum Biol. 2012;10(1):1–3.
Layte R, Harrington J, Sexton E, Perry IJ, Cullinan J, Lyons S. Irish exceptionalism? Local food environments and dietary quality. J Epidemiol
Community Health. 2011;65(10):881–8.
Minaker LM, Raine KD, Wild TC, Nykiforuk CI, Thompson ME, Frank LD.
Objective food environments and health outcomes. Am J Prev Med.
2013;45(3):289–96.
Sharkey JR, Johnson CM, Dean WR, Horel SA. Association between
proximity to and coverage of traditional fast-food restaurants and nontraditional fast-food outlets and fast-food consumption among rural
adults. Int J Health Geogr. 2011;10(1):37–47.
Thornton LE, Bentley RJ, Kavanagh AM. Fast food purchasing and access
to fast food restaurants: a multilevel analysis of VicLANES. Int J Behav Nutr
Phys Act. 2009;6(1):28.
Turrell G, Giskes K. Socioeconomic disadvantage and the purchase of
takeaway food: a multilevel analysis. Appetite. 2008;51(1):69–81.
Williams L, Ball K, Crawford D. Why do some socioeconomically disadvantaged women eat better than others? An investigation of the personal,
social and environmental correlates of fruit and vegetable consumption.
Appetite. 2010;55(3):441–6.
Zenk SN, Lachance LL, Schulz AJ, Mentz G, Kannan S, Ridella W. Neighborhood retail food environment and fruit and vegetable intake in a
multiethnic urban population. Am J Health Promot. 2009;23(4):255–64.
Wrigley N, Warm D, Margetts B. Deprivation, diet, and food-retail
access: findings from the leeds ‘food deserts’ study. Environ Plan A.
2003;35(1):151–88.
Rogus S, Athens J, Cantor J, Elbel B. Measuring micro-level effects of a
new supermarket: do residents within 0.5 mile have improved dietary
behaviors? J Acad Nutr Diet. 2017;118:1037–46.
Cummins S, Petticrew M, Higgins C, Findlay A, Sparks L. Large scale
food retailing as an intervention for diet and health: quasi-experimental
evaluation of a natural experiment. J Epidemiol Community Health.
2005;59(12):1035–40.
Cummins S, Findlay A, Higgins C, Petticrew M, Sparks L, Thomson H.
Reducing inequalities in health and diet: findings from a study on the
impact of a food retail development. Environ Plan A. 2008;40(2):402–22.
Cummins S, Flint E, Matthews SA. New neighborhood grocery store
increased awareness of food access but did not alter dietary habits or
obesity. Health Aff. 2014;33(2):283–91.
Sadler RC, Gilliland JA, Arku G. A food retail-based intervention on
food security and consumption. Int J Environ Res Public Health.
2013;10(8):3325–46.
Franco M, Diez-Roux AV, Nettleton JA, Lazo M, Brancati F, Caballero B,
Glass T, Moore LV. Availability of healthy foods and dietary patterns: the
Multi-Ethnic Study of Atherosclerosis. Am J Clin Nutr. 2009;89(3):897–904.
Cannuscio CC, Tappe K, Hillier A, Buttenheim A, Karpyn A, Glanz K. Urban
food environments and residents’ shopping behaviors. Am J Prev Med.
2013;45(5):606–14.

Page 19 of 20

59. Rose D, Richards R. Food store access and household fruit and vegetable
use among participants in the US Food Stamp Program. Public Health
Nutr. 2004;7(08):1081–8.
60. Sallis JF, Owen N, Fisher EB. Ecological models of health behavior. In:
Glanz K, Rimer BK, Viswanath K, editors. Health behavior and health education: theory, research, and practice. 4th ed. San Francisco: Jossey-Bass;
2008. p. 465–86.
61. Gustafson A, Christian JW, Lewis S, Moore K, Jilcott S. Food venue choice,
consumer food environment, but not food venue availability within daily
travel patterns are associated with dietary intake among adults, Lexington Kentucky 2011. Nutr J. 2013;12(1):17.
62. Caspi CE, Lenk K, Pelletier JE, Barnes TL, Harnack L, Erickson DJ, Laska MN.
Association between store food environment and customer purchases in
small grocery stores, gas-marts, pharmacies and dollar stores. Int J Behav
Nutr Phys Act. 2017;14(1):76.
63. Christian WJ. Using geospatial technologies to explore activitybased retail food environments. Spat Spatiotemporal Epidemiol.
2012;3(4):287–95.
64. Shearer C, Rainham D, Blanchard C, Dummer T, Lyons R, Kirk S. Measuring
food availability and accessibility among adolescents: moving beyond
the neighbourhood boundary. Soc Sci Med. 2015;133:322–30.
65. Zenk SN, Schulz AJ, Matthews SA, Odoms-Young A, Wilbur J, Wegrzyn
L, Gibbs K, Braunschweig C, Stokes C. Activity space environment and
dietary and physical activity behaviors: a pilot study. Health Place.
2011;17(5):1150–61.
66. Lucan SC. Concerning limitations of food-environment research: a narrative review and commentary framed around obesity and diet-related
diseases in youth. J Acad Nutr Diet. 2015;115(2):205–12.
67. Walker RE, Keane CR, Burke JG. Disparities and access to healthy food
in the United States: a review of food deserts literature. Health Place.
2010;16(5):876–84.
68. Forsyth A, Lytle L, Van Riper D. Finding food: Issues and challenges in
using Geographic Information Systems to measure food access. J Transp
Land Use. 2010;3(1):43–65.
69. Wilkins EL, Morris MA, Radley D, Griffiths C. Using Geographic Information
Systems to measure retail food environments: discussion of methodological considerations and a proposed reporting checklist (Geo-FERN).
Health Place. 2017;44:110–7.
70. Patel O, Shahulhameed S, Shivashankar R, Tayyab M, Rahman A, Prabhakaran D, Tandon N, Jaacks LM. Association between full service and fast
food restaurant density, dietary intake and overweight/obesity among
adults in Delhi, India. BMC Public Health. 2018;18(1):36–46.
71. Bao KY, Tong D. The effects of spatial scale and aggregation on food
access assessment: a case study of Tucson, Arizona. Prof Geogr.
2017;69(3):337–47.
72. Barnes TL, Colabianchi N, Hibbert JD, Porter DE, Lawson AB, Liese AD.
Scale effects in food environment research: Implications from assessing
socioeconomic dimensions of supermarket accessibility in an eightcounty region of South Carolina. Appl Geogr. 2016;68:20–7.
73. Kirkpatrick SI, Reedy J, Butler EN, Dodd KW, Subar AF, Thompson FE,
McKinnon RA. Dietary assessment in food environment research: a
systematic review. Am J Prev Med. 2014;46(1):94–102.
74. Vogel C, Lewis D, Ntani G, Cummins S, Cooper C, Moon G, Baird J. The
relationship between dietary quality and the local food environment differs according to level of educational attainment: a cross-sectional study.
PLoS ONE. 2017;12(8):e0183700.
75. Lamb K, Thornton L, Cerin E, Ball K. Statistical approaches used to assess
the equity of access to food outlets: a systematic review. AIMS Public
Health. 2015;2(3):358–401.
76. Cetateanu A, Jones A. How can GPS technology help us better understand exposure to the food environment? A systematic review. SSM
Popul Health. 2016;2:196–205.
77. Krenn PJ, Titze S, Oja P, Jones A, Ogilvie D. Use of global positioning systems to study physical activity and the environment: a systematic review.
Am J Prev Med. 2011;41(5):508–15.
78. Burns CM, Inglis AD. Measuring food access in Melbourne: access to
healthy and fast foods by car, bus and foot in an urban municipality in
Melbourne. Health Place. 2007;13(4):877–85.
79. Robinson PL, Dominguez F, Teklehaimanot S, Lee M, Brown A, Goodchild
M. Does distance decay modelling of supermarket accessibility predict

Bivoltsis et al. Int J Health Geogr (2018) 17:19

fruit and vegetable intake by individuals in a large metropolitan area? J
Health Care Poor Underserved. 2013;24(10):172–85.
80. Giles-Corti B, Broomhall MH, Knuiman M, Collins C, Douglas K, Ng K,
Lange A, Donovan RJ. Increasing walking: how important is distance
to, attractiveness, and size of public open space? Am J Prev Med.
2005;28(2):169–76.

Page 20 of 20

81. Chen X, Kwan MP. Contextual uncertainties, human mobility, and perceived food environment: the uncertain geographic context problem in
food access research. Am J Public Health. 2015;105(9):1734–7.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

