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Summary
Grocery store is usually considered to be a healthy food outlet as it provides access to
a variety of healthy food, such as fruits and vegetables, which may potentially
improve overall dietary quality and protect against obesity. However, findings of
the association between grocery store and childhood obesity are controversial. This
study aimed to systematically review the evidence on the association between access
to grocery stores and childhood obesity. A literature search was conducted in the
PubMed, Embase, and Web of Science for articles published before January 1,
2019, using the combinations of three groups of keywords separately for grocery
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store, children and adolescents, and weight‐related behaviours and outcomes. A total
of 27 cross‐sectional and eight longitudinal studies were identified. Controversial
results existed among 24 studies, which examined the association between the
access to grocery stores and weight‐related outcomes. A null association was
observed in almost all meta‐analyses conducted by different measures of grocery
stores and weight status, except the analysis between presence of grocery stores
and overweight, which reached borderline significance. For weight‐related behaviours, mixed findings were reported between grocery stores and dietary behaviours,
and no significant associations were found for physical activity. This systematic
review and meta‐analysis suggested that access to grocery stores may have a rather
small influence on child weight.
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|

I N T RO D U CT I O N

a full range of measurements (eg, the number of grocery stores, the
density of grocery stores, and the proximity to the nearest grocery

The prevalence of overweight and obesity in children and adolescents

store) around multiple sites (eg, home and school), for a comprehen-

has risen dramatically worldwide in the past few decades, from 4% in

sive understanding of the influences of grocery stores on childhood

1975 to over 18% in 2016.1 Overweight and obesity in childhood and

obesity. Third, we examined both body‐weight status as well as

adolescence is strongly associated with overweight in adulthood,2 and

weight‐related behaviours (eg, diet, physical activity, and sedentary

may cause a wide range of serious complications, such as type 2 dia-

behaviour). Fourth, we may conduct subgroup analyses by country,

betes and cardiovascular diseases, and increase the risk of premature

type of measures (subjectively reported or objectively measured),

illness and death later in life.3 It may also lead to a negative body

and targeted site (home or school).
By this review, we aimed to systematically examine the association

image and several adverse mental and psychosocial consequences,
4,5

such as being more likely to be socially inept

and academically

unsuccessful.6,7

comes among children and adolescents. Furthermore, we conducted a

It is widely accepted that the neighbourhood environment may
interact with personal characteristics to affect individual weight sta8-10

tus.

between access to grocery stores and weight‐related behaviours/outmeta‐analysis to quantify the influence of grocery stores on childhood
obesity.

Grocery store is one of such obesogenic environmental factors,

defined in the North American Industry Classification System (NAICS)
as “a type of food stores selling a general line of food, such as
canned and frozen foods, fresh fruits and vegetables, and fresh and
prepared meats, fish, and poultry,” usually with annual sales of less
than $2 million and less than 50 employees.11 It is usually assumed
to be a healthy food outlet as it provides children access to a variety
of healthy food, such as fruits and vegetables, which may potentially

2

METHODS

|

A systematic review and meta‐analysis were conducted in accordance
with the Cochrane handbook version 5.1.0 and results of this study
were reported by following the Preferred Reporting Items for Systematic Reviews and Meta‐Analyses (PRISMA) checklist.20

improve overall dietary quality and protect youth against obesity.12
However, findings of the association between grocery stores and

2.1

|

Study selection criteria

childhood obesity are mixed. For example, grocery store was found
positively associated with obesity among school children in some stud13,14

ies,

15,16

but negatively associated with obesity in other studies.

Studies that met all of the following criteria were included in the
review: (a) study designs: longitudinal studies including prospective

There is only one review that examined the association between

and retrospective cohort studies, cross‐sectional studies, case‐control

grocery stores and childhood obesity, where a null association

studies, ecological studies, and intervention studies; (b) study subjects:

between grocery store and childhood obesity was found in more than

children and adolescents aged less than 18 years; (c) exposure: grocery

However,

stores in the neighbourhood; (d) study outcomes: weight‐related

this review was restricted to studies conducted in United States and

behaviours (eg, diet, physical activity, and sedentary behaviour) and/

Canada, and it only focused on weight‐related outcomes, including

or outcomes (eg, overweight and obesity measured by BMI, waist cir-

body mass index (BMI), BMI percentile, BMI z score, or overweight

cumference, waist‐to‐hip ratio, and body fat); (e) article types: peer‐

and obesity, without summarizing the results on weight‐related behav-

reviewed original research; (f) time of publication: from the inception

iours. In addition, the majority of articles included were cross‐sectional

of an electronic bibliographic database to 1 January 2019; and (g) lan-

studies, and only a few studies conducted subgroup analysis in the pre-

guage: articles written in English.

17

90% of the associations reported in the included studies.

vious review, while more studies with longitudinal study design and/or
subgroup analysis were published in recent years.18 Over the past

2.2

|

Search strategy

decade, a growing number of studies were conducted to analyse this
topic in various countries,19 and it is necessary to conduct a systematic

A keyword search was performed for related studies published before

review of studies conducted globally and re‐analyse the association

1 January 2019 in three electronic bibliographic databases: PubMed,

between access to grocery stores and childhood obesity.

Embase, and Web of Science. The search strategy included all possible

Our review contributes to the literature in the following aspects.

combinations of keywords for grocery store, child, and weight‐related

First, we reviewed existing longitudinal studies, cross‐sectional stud-

behaviours and outcomes in the title or abstract field. Detailed search

ies, case‐control studies, ecological studies, and intervention studies

terms are described in Appendix A in the Data S1.

on the associations between grocery stores and childhood obesity.

Titles and abstracts of the articles identified through the keyword

Second, we expanded the concept of the access to grocery stores to

search were screened against the study selection criteria. Potentially
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relevant articles were retrieved for an evaluation of the full text. Two

grocery stores and weight‐related behaviours and/or outcomes. Two

reviewers independently conducted the title and abstract screening

reviewers independently extracted data from each study included in

and identified potentially relevant articles for the full‐text review.

the review, and discrepancies were resolved by a third reviewer.

Interrater agreement was assessed by using the Cohen kappa (κ =
.90). Discrepancies were compiled and screened by a third reviewer.
Three reviewers jointly determined the list of articles for the full‐text
review through a discussion. Then, two reviewers independently
reviewed the full texts of all articles in the list and determined the final
pool of articles included in the review. Interrater agreement was again
assessed by the Cohen kappa (κ = .77). Figure 1 shows the search and
screening process.

2.4

|

Study quality assessment

We used the National Institutes of Health's Quality Assessment Tool
for Observational Cohort and Cross‐Sectional Studies to assess the
quality of each included study. This assessment tool rates each study
on the basis of 14 criteria (Appendix B). For each criterion, a score
of 1 was assigned if yes was the response, whereas a score of 0 was
assigned otherwise (ie, an answer of no, not applicable, not reported,

2.3

|

Data extraction and preparation

A standardized data extraction form was used to collect methodological and outcome variables from each selected study, including

or cannot determine). A study‐specific global score ranging from 0 to
14 was calculated by summing up scores across all criteria. The study
quality assessment helped measure the strength of scientific evidence
but was not used to determine the inclusion of studies.

authors, year of publication, study area and country, sample size, age
at baseline, follow‐up years, number of repeated measures, sample

2.5

|

Meta‐analysis

characteristics, statistical model, attrition rate, measures of the access
to grocery stores, measures of weight‐related behaviours, measures of

A meta‐analysis was performed to estimate the pooled effect size of

body‐weight status, and key findings on the association between

grocery stores on each weight‐related behaviours and outcomes.

FIGURE 1
flowchart

Study exclusion and inclusion
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Weight‐related outcomes included BMI, BMI percentile, and over-

were conducted at a national level, and the rest were conducted in

weight/obesity. Overweight and obesity were defined on the basis

state (n = 7), city (n = 11), or county (n = 5) levels.

of the standards used in the original paper, including age‐sex‐specific

Table S1 reports criterion‐specific and global ratings from the

Centers for Disease Control and Prevention (CDC) growth charts,

National Institutes of Health's Quality Assessment Tool for Observa-

World Health Organization (WHO) growth references, and Interna-

tional Cohort and Cross‐Sectional Studies. The 35 studies scored

tional Obesity Task Force (IOTF) recommendations. Separate meta‐

between 7 and 14 with an average of 10.3.

analyses were conducted on different measures of grocery stores,
including presence of grocery stores, number of grocery stores, and
density of grocery stores. We were not able to conduct a meta‐analy-

3.3

|

Measures of access to grocery stores

sis on weight‐related behaviours because of insufficient number of
The access to grocery stores was measured by Geographic Information

articles with the same measures of grocery stores.
Effect sizes were reported using mean differences for continuous
outcomes (ie, BMI and BMI percentile) or odds ratios for categorical
variables (ie, overweight and obesity). Heterogeneity was assessed
with the Q test. P value < .1 in the Q test indicates the presence of
heterogeneity across studies. The level of heterogeneity measured
by I and was interpreted as modest (I ≤ 25%), moderate (25% < I
2

2

2

≤ 50%), substantial (50% < I ≤ 75%), or considerable (I > 75%). A
2

2

random‐effect model was used to pool the estimates from individual
studies because of the varying population and criteria used to define
outcomes. All meta‐analyses were performed by the “meta” and
“metagen” packages using R version 4.3‐2.21 All analyses used two‐
sided tests, and P < .05 were considered statistically significant except
for the evaluation of heterogeneity (P < .1).

Systems (GIS) as number of grocery stores (n = 17), density of grocery
stores (n = 11), distance to the nearest grocery stores (n = 8), and presence of grocery stores (n = 7) (Table 2). Home neighbourhood was more
commonly (n = 23) studied, while fewer studies analysed school
neighbourhood (n = 7) or both neighbourhoods (n = 5). Neighbourhood
area was commonly measured using individual's home‐ or school‐
centred buffer zones with varying radii (from 0.1 to 8.0 km), calculated
using straight‐line or, more precisely, road‐network distance. The most
commonly used buffer zone was a 0.8‐km road‐network one (n = 6),
followed by a 0.4‐km road‐network (n = 4) and a 1.6‐km straight‐line
buffer zone (n = 4). The density of grocery stores was usually calculated
as the number of grocery stores per 10 000 persons (n = 6) or per 1000
persons (n = 4) within the neighbourhood area. Different from other
measures, the most commonly used measure for neighbourhood area
when calculating density of grocery stores included ZIP codes area (n

3
3.1

RESULTS

|

|

Study selection

Figure 1 shows the flow chart of study selection. We identified
1514 articles in the three databases, and 1203 non‐duplicated articles were included in the title and abstract screening. Articles were
excluded for irrelevant themes (n = 754), no measures of access to
grocery stores (n = 187), not human subjects (n = 134), adult population (n = 56), or other reasons (n = 21), and the remaining 51 articles were included in the full‐text review. In total, 35 studies were
included in this systematic review, and 15 of them had sufficient
data for meta‐analysis. Studies were excluded from the meta‐analysis because of the following reasons: neither standard error nor confidence interval (CI) was reported (n = 7); the unit of effect size was
inconsistent with others (n = 6) and less than two studies reported
the same outcome variable (n = 7).

= 4), census tract area (n = 3), and county (n = 4).

3.4 | Association between access to grocery stores
and weight‐related behaviours
Ten cross‐sectional studies examined the association between the
access to grocery stores and weight‐related behaviours, including dietary behaviours (n = 9), physical activity (n = 2), and sedentary behaviour (n = 1), where mixed findings were reported (Table 2). In terms of
dietary behaviours, five studies reported null associations between
access to grocery stores and food consumption frequency of fruit
(12 out of 14 associations), vegetables (18 out of 18 associations),
and beverages (9 out of 12 associations), one study reported a negative association on soft drink consumption, and three studies reported
positive associations, including one on overall dietary quality, one on
fruit intake, and one on sugar sweated beverage intake. No significant
association was found between the access to grocery stores and physical activity or sedentary behaviours.

3.2

|

Study characteristics

Table 1 summarizes the basic characteristics of the 35 included studies. All the studies were published between 2005 and 2018, with 27

3.5 | Association between access to grocery stores
and weight‐related outcomes

cross‐sectional studies and eight prospective cohort studies. The sample size in these studies ranged widely from 78 to 529 367. The major-

Twenty‐one studies examined the association between the access to

ity of the studies were conducted in the United States (n = 26),

grocery stores and weight‐related outcomes, including overweight/

followed by Canada (n = 4) and the United Kingdom (n = 2), and one

obesity (n = 17), BMI (n = 10), BMI z score (n = 5), BMI percentile (n

study in each of Brazil, Australia, and China. Twelve of these studies

= 7), body fat percentage (n = 1), and fat mass index (FMI) (n = 1).
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TABLE 1

Basic characteristics of 35 studies included in this review
Study Area
[scale]b

Sample Age (yrs, range,
Sample Size and/or mean ± SD)c

Sample Characteristics (Follow‐up
Status for Longitudinal Studies)

Chen (2016)16d

US [N]

7090

11 in 2004

School children (followed up from
2004 to 2007 with two repeated
measures)

Multilevel linear regression

Lee (2012)22

US [N]

7710

6.2 ± 0.4 in 1999

School children (follow up from
1999 to 2004 with four repeated
measures and an attrition rate of
43.0%)

Multilevel linear regression

Leung (2011)23

California, US
[CT4]

353

6‐7 (7.4 ± 0.4) in 2005

Girls (followed up from 2005 to
2008 with three repeated
measures and an attrition rate of
20.5%)

Generalized linear and
logistic regression

Miles (2018)24

Tallahassee, US
[C]

2770

5.6‐12.6 in 2010

Low‐income elementary school
children (followed up from spring
to fall in 2010 with two repeated
measures and an attrition rate of
17.2%)

Multilevel linear regression

Powell (2009)25d

US [N]

5215

12‐17 (15.5 ± 1.7) in
1997

Adolescents living at home (followed Multilevel linear regression
up from 1997 to 2000 with four
repeated measures)

Shier (2012)25

US [N]

6260

in 2004

Grade 5 students in 2004 and Grade Multilevel linear regression
8 students in 2007

Sturm (2005)26

US [N]

6918

6.2 ± 0.4 in 1999

Followed up from 1999 to 2002
Multilevel linear regression
with three repeated measures and
an attrition rate of 42.4%

Zhang (2016)27

China [S9]

348

6‐17 (10.9 ± 2.8) in
2009

Followed up from 2009 to 2011
with two repeated measures

Generalized Estimating
Equation

Author (year)[ref]a

Statistical Model

Cohort studies

Cross‐sectional studies
An (2012)49e

California, US [S] 13 462

8226 aged 5‐11 (8.3 ±
2.0) and 5,236 aged
12‐17 (14.5 ± 1.7) in
2005 and 2007

Measured in 2005 and 2007

Negative binomial
regression

Barrett (2017)28

Hampshire, UK
[CT]

1173

6 (6.7 ± 0.3) in 2007‐
2014

NA

Multilevel linear regression

Carroll‐Scott (2013)29

New Haven, US
[C]

1048

10.9 ± 0.8 in 2009

School children at grades 5 and 6

Multilevel linear regression

Correa (2018)30

Florianopolis,
Brazil [C]

2195

7‐14 in 2012‐2013

School children

Multivariate logistic
regression

Davis (2009)31

California, US [S] 529 367

in 2002‐2005

Middle and high school students

Multivariate linear
regression, and
multivariate logistic
regression

Galvez (2009)32

New York, US
[C]

323

6‐8 in 2004

NA

Multivariate logistic
regression

Grafova (2008)33

US [N]

2482

5‐18 (11.8 ± 3.7) in
2002‐2003

NA

Multivariate logistic
regression

Harris (2011)34

Maine, US [S]

552

NA

Grades 9–12 students

Multivariate logistic
regression

Harrison (2011)35

Norfolk, UK [CT] 1995

9‐10 (10.3 ± 0.3) in
2007

School children at grade 5

Multilevel linear regression

Jago (2006)36

Houston, US [C] 210

10‐14 (12.8 ± 1.1) in
2003

Boy scouts

Multilevel linear regression

(Continues)
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(Continued)

Study Area
[scale]b

Sample Age (yrs, range,
Sample Size and/or mean ± SD)c

Jilcott (2011)

Pitt County, US
[CT]

744

Kepper (2016)38

Author (year)[ref]a
37

Sample Characteristics (Follow‐up
Status for Longitudinal Studies)

Statistical Model

8‐18 (2.9 ± 2.5) in 2007‐ Paediatric patients
2008

Generalized linear
regression

Louisiana, US [S] 78

2‐5 (2.9 ± 0.7)

Pre‐school children

Multiple linear regression

Minneapolis, US
[C]

349

11‐18 (15.4 ± 1.7) in
2006‐2007

NA

Multilevel linear regression

Le (2016)40

Sasktoon,
Canada [C]

1221

10‐14 in 2011

Elementary school children

Logistic regression

Leatherdale (2011)14

Ontario, Canada
[S]

2449

Grades 5‐8 in 2007‐
2008

School children at grades 5–8

Multilevel logistic
regression

Liu (2007)41

Marion, Indiana,
US [CT]

7334

3‐18 in 2000

Children for routine well‐child care

Cumulative logit models

Ohri‐Vachaspati
(2015)42

New Jersey, US
[S]

560

3‐18 in 2009‐2010

NA

Multivariate logistic
regression

Pabayo (2012)43

Edmonton,
Canada [C]

1760

4‐5 in 2005‐2007

Pre‐school children

Multivariate binomial
regression

Powell (2007)62e

US [N]

73 079

14.7 ± 1.2 in 1997‐2003 School children at grades 8–10
(seven annual repeated measures
from 1997 to 2003)

Powell (2009)32e

US [N]

3797

6‐17 (12.0 ± 3.2) in
1998, 2000, and
2002

Powell (2011)27e

US [N]

1134

12‐18 (14.8 ± 1.9) in
(measured in 1997 and 2002–2003) Multivariate linear
1997 and 2002‐2003
regression

Salois (2016)44

US [N]

2192
counties

2‐4 in 2007‐2009

Low‐income preschool
children

Multivariate
linear regression

Seliske (2009)15

Canada [N]

7281

11‐16 in 2005‐2006

Grades 6–10 school children

Multilevel logistic
regression

Shier (2016)45

US [N]

903

12‐13 in 2013

Children in military families

Multivariate linear
regression

Tang (2014)46

New Jersey, US
[C4]

12 954

13.5 ± 3.5 in 2008‐2009 Middle and high school students in
low‐income communities

Multilevel linear regression

Timperio (2008)47

Melbourne and
Geelong,
Australia [C2]

801

340 aged 5‐6 and 461
aged 10‐12 in 2002‐
2003

Logistic regression

Wasserman (2014)13

Kansas, US [C2]

12118

4‐12 (8.2 ± 1.8) in 2008‐ Elementary school children
2009

Laska (2010)

39

Multilevel linear regression

(measured in 1998, 2000, and 2002) Multilevel linear regression

School children

Multilevel linear regression

Abbreviation: NA, not available.
a

Studies included in meta‐analyses are in bold.

Study area: [N] – National; [S] – State (e.g., in the US) or equivalent unit (e.g., province in China, Canada); [Sn] – n states or equivalent units; [CT] – County
or equivalent unit; [CTn] – n counties or equivalent units; [C] – City; [Cn] – n cities.

b

c

Sample age: Age in baseline year for cohort studies or mean age in survey year for cross‐sectional studies.

d
e

Including cross‐sectional analysis.

Repeated cross‐sectional study.

[Correction added on 14 January 2021, after first online publication: under 'Cross-sectional studies' column, the reference citat ion of An (2012) has been
amended to '49'.]

In eight cohort studies, five studies reported insignificant associ-

reported that living farther from a grocery store was associated with

ations between access to grocery stores and change in weight‐

higher BMI in boys but lower BMI in girls.27 One study reported a

related outcomes. Two studies conducted stratified analysis on

negative association between number of grocery stores and BMI

gender and reported significant results. One found the exposure to

change, and when stratified by weight, this significant association

a decrement in grocery stores was associated with girls' lower BMI

only persisted in overweight participants, not in normal weight

3 years later, while the analysis of boys was insignificant16; the other

participants.

NA

NA

NA

NA

● Measured BMI percentile
(on the basis of the 2000
US CDC growth charts)

● Measured BMI z score (on
the basis of the 2000 US
CDC growth charts)
● Overweight (BMI ≥ 85th
percentile on the 2000 US
CDC growth charts)
● Measured BMI
● BMI percentile (on the
basis of the 2000 US CDC
growth charts)
● Overweight (BMI ≥ 85th
percentile on the 2000 US
CDC growth charts)

NA
● Density of convenience
stores, full‐service
restaurants, and FF chain
restaurants
● Population density, poverty
rate, and racial/ethnic
composition
NA

NA

● Presence of park with play NA
equipment in 1.6‐km home
straight‐line buffer,
presence of green space in
0.4‐km home straight‐line
buffer, number of FF
restaurants or convenience
stores in 0.4‐km home
straight‐line buffer, and
mean % of roads with high

● Density of GS
(supermarkets, large‐
scale grocers) per
square mile in home
census tract
● Density of GS per
1000 persons in
home census tract

● Density of GS per
1000 persons in 0.4/
1.6‐km home road‐
network buffer (in
tertiles and quintiles)

● Presence of large GS
in 1.6‐km home
straight‐line buffer
● Number of small GS
in 1.6‐km home
straight‐line buffer

Lee (2012)22

Leung (2011)23

Miles (2018)24

Results of Weight‐
Related Behaviour

● Measured BMI
● Obesity (BMI ≥ 95th
percentile on the 2000 US
CDC growth charts)

Detailed Measures
of Weight‐Related
Outcomes

● SES features: poverty rate, NA
urbanity, and total business
size
● Demographic features:
population size, and % of
Hispanics, blacks, and
foreign‐born population

Measures of
Weight‐Related
Behaviour

● Number of GS in
home postal zone (in
categories of 0, 1, 2,
or ≥3)

Other Environmental
Factors Adjusted for
in the Model

Chen (2016)16

Longitudinal studies

Measures of Access
to GS

Measures of the access to grocery stores (GSs), weight‐related behaviours and body‐weight status in the included studies

Author (year)[ref]a

TABLE 2

ET AL.

(Continues)

● Number of GS was
negatively associated with
BMI change (ref
≥2 GS,β0GS = 0.06, p =
.039; β1GS = 0.10, p =
.004), and was
insignificantly associated
with BMI percentile
change.

● No association was found
between density of GS
and change in BMI z score
or overweight/obesity.

● No association was found
between density of GS
and change in BMI
percentile.

● Exposure to decreased GS
was associated with girls'
lower BMI after 3 y (β =
−0.37, SE = 0.14, p < .05).
● Exposure to increased GS
was associated with girls'
less obesity status after 3 y
(OR = 0.64; 95% CI, 0.42‐
0.97).
● The newly opened GS in
neighbourhoods without
GS was associated with
girls' lower BMI 3 y later (β
= −0.51, SE = 0.24, p = .04).

Results of Weight‐
Related Outcomes

LI
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(Continued)

traffic volume in 1.6‐km
home straight‐line buffer
● SES features: % of housing
units in large multi‐family
buildings, low‐income
households, college‐
educated residents, single‐
parent households, black
residents, and residents
who lived in the same
house as 5 y ago.

Other Environmental
Factors Adjusted for
in the Model

Measures of
Weight‐Related
Behaviour

NA

NA

● Measured BMI

● Measured BMI

NA

NA

● Distance from home to the NA
nearest free market,
Chinese restaurant, and
outdoor food stall

● Density of GS per
1000 persons in
home/school postal
zone

● Straight‐line distance
from home to the
nearest GS (in
quartiles).

Zhang (2016)27

NA

● Measured BMI percentile
(on the basis of the 2000
US CDC growth charts)

Sturm (2005)26

NA

● Street connectivity index.
● SES features: median
household income, and %
of non‐Hispanic white

NA

Results of Weight‐
Related Behaviour

● Self‐reported BMI

Detailed Measures
of Weight‐Related
Outcomes

● Presence of GS in
home census tract.
● Number of GS per
1000 persons in
home census tract.

● Density of GS per 10 ● Density of FF restaurants, NA
000 persons in home
full‐service restaurants,
county
supermarkets, convenience
stores, and PA facilities.
● Price of FF.
● Price of food at home
(derived from prices of 13
general grocery food
consumed at home).

Measures of Access
to GS

Shier (2012)25

Powell (2009)48

Author (year)[ref]a

TABLE 2

(Continues)

● Boys living in the second
quartile of proximity to
GSs showed increased
BMI (β = 1.66; 95% CI,
0.07‐3.24), while girls
showed decreased BMI (β
= −1.78; 95% CI, −3.38 to
−0.18), compared with
those in the first quartile.

● No association was found
between density of GSs
and BMI change.

● No association was found
between GS availability
and change in BMI
percentile.

● No association was found
between density of GS
and BMI.

● When stratified by weight,
this association remained
significant only in
overweight participants
(BMI change: β0GS = 0.15, p
= .021; β1GS = 0.22, p =
.003), not in normal
participants.

Results of Weight‐
Related Outcomes
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Results of Weight‐
Related Outcomes

Carroll‐Scott
(2013)29

● Presence of GS in
0.8‐km home road‐
network buffer.
● Road‐network
distance from home
to the nearest GS.

● Number of FF restaurants
in home census tract.
● Road‐network distance
from home to the nearest
FF restaurant.
● Perceived access to parks,
playgrounds, or gyms (1 =
little access, 5 = good
access).
● SES features: ethnicity,
concentrated affluence,
and concentrated
disadvantage in home
census tract.
● Social environment: social
ties scale, safety scale, and
property crimes in home
census tract.

NA

● Measured BMI
● Healthy eating scales
(calculated from self‐
reported frequency of
consumption of vegetables,
fruits, whole grains, and
nuts/beans per week).
● Unhealthy eating scales
(calculated from self‐
reported frequency of
consumption of FF, foods
high in salt and fat, sweets,
and sugar‐sweetened
beverages per week).
● Days of exercise more than
or equal to 30 min per
week (self‐reported).

● Standardized diet quality
score (indicating dietary
quality along with dietary
recommendations
calculated from
consumption frequency of
each type of food in FFQ).

ET AL.

(Continues)

● The distance to the nearest ● Higher BMI was
significantly associated
GS was not associated with
with living more than a
healthy eating scale,
half mile from the nearest
unhealthy eating scale,
GS (β = 1.48, p < .01).
physical activity, and
sedentary behaviour.

NA
● Better diet score was
associated with number of
healthy specialty stores (β =
0.03
SD/store; 95% CI, 0.01‐0.04)
and greater exposure to
healthy outlets relative to
all outlets (β = 0.07 SD/
10% increase in HSS as a
proportion of total outlets;
95% CI, 0.02‐0.12).

Results of Weight‐
Related Behaviour

● Level of neighbourhood
● Number of healthy
deprivation.
specialty stores
(greengrocers, healthy
food stores, farm
shops, and butchers)
in 0.8‐km home/
school straight‐line
buffer.
● Number of healthy
specialty stores in
joint area by home
and school straight‐
line buffers.

Detailed Measures
of Weight‐Related
Outcomes

Barrett (2017)28

Measures of
Weight‐Related
Behaviour

● No association was found ● The association of GS
counts in almost all buffer
between number of GS and
zones was not associated
food consumption.
with BMI percentile,
except 0.8‐km straight‐
line buffer around
adolescent home (β =
−0.02, p < .05).

Other Environmental
Factors Adjusted for
in the Model

● Parent/self‐reported BMI
● Population density, median ● Daily servings of fruits,
● Number of GS in
percentile (on the basis of
vegetables, 100% juice,
household income, and %
0.16/0.8/1.6/2.4‐km
the 2000 US CDC growth
milk (only for children),
of non‐Hispanic whites in
home/school straight‐
charts; parent‐reported for
soda, high sugar foods, and
home and school census
line buffer.
children and self‐reported
FF on the day before the
tract
● Number of GS in joint
by adolescents).
interview (parent‐reported
area by home and
for children and self‐
school straight‐line
reported for adolescents).
buffers.

Measures of Access
to GS

An (2012)49

Cross‐sectional studies

Author (year)[ref]a

TABLE 2
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(Continued)

Results of Weight‐
Related Outcomes

NA

NA

NA

● Access to convenience
stores, takeaways, PA
facilities, and open land
area.

● Number of GS in
home census tract

● Density of GS
(supermarkets and
other groceries) per
10 000 persons in
home county.

● Number of GS in 2‐
km school road‐
network buffer.
● Road‐network
distance from school
to the nearest GS.

● Number of healthy
food outlets
(supermarkets and
greengrocers) in 0.8‐

Galvez (2009)32

Grafova (2008)33

Harris (2011)34

Harrison (2011)35

NA

NA

NA

NA

● Presence of FF restaurants, NA
gas stations, and motels.
● School location type.

● Presence of GS in
0.8‐km school road‐
network buffer.

● No association was found
between density of GS
and overweight.

● No association was found
between availability of GS
and overweight/obesity.

● Overweight (measured BMI NA
≥ 95th percentile on the
2000 US CDC growth
charts).
● Underweight (self‐reported NA
BMI < 5th percentile),
normal weight (5th ≤ BMI
< 85th percentile),
overweight (85th ≤ BMI <
95th percentile) and
obesity (BMI ≥ 95th
percentile on the 2000 US
CDC growth charts).
● Fat Mass Index (= fat mass NA
(kg)/height(m)2; fat mass
was measured as foot‐to‐

LI

(Continues)

● Better access to healthy
food outlets around home
is associated with lower
FMI among girls (βwalk or

● No association was found
between presence of GS
and BMI percentile.

● Measured BMI percentile
(on the basis of the 2000
US CDC growth charts;
categorized into tertiles)

NA

● No association was found
between presence of GS
and BMI or overweight or
obesity.

Results of Weight‐
Related Behaviour

NA
● Measured BMI
● Overweight (BMI ≥ 85th
percentile) and obesity
(BMI ≥ 95th percentile on
the US CDC growth charts)

Detailed Measures
of Weight‐Related
Outcomes

● No association was found
between presence of
greengrocers/public
markets and overweight.

● Hours of screen time on
each school day (self‐
reported)

Measures of
Weight‐Related
Behaviour

● Overweight (measured BMI NA
z score > +1SD, equivalent
to a BMI ≥ 25 kg/m2 in
adults, on the basis of the
2007 WHO growth
reference).

Other Environmental
Factors Adjusted for
in the Model

NA
● Presence of restaurants,
● Presence of
snack bars/FF outlets,
greengrocers or
street vendors,
public markets in 0.4‐
supermarkets, minimarkets,
km home straight‐line
butchers, and bakeries.
buffer.
● Income for home weighting
area, which are defined by
the government for the
purpose of surveys.

Measures of Access
to GS

Davis (2009)31

Correa (2018)30

Author (year)[ref]a

TABLE 2
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Other Environmental
Factors Adjusted for
in the Model

● Median household income
in census tracts.

NA

● Number of GS
(smaller GS, large
supermarkets) in 0.5/

Le (2016)40

NA

● Average daily dietary
intake of total energy, fat,
fruit and vegetables,
vegetables only, and
sweetened soft drinks
(assessed using 24‐h
dietary recalls).

● Servings of fruit and
vegetable intake per week
(perceived by parents or
guardians).

● Number of GS in 1.6/ NA
3.2/6.4‐km home
straight‐line buffer

Kepper (2016)38

● Presence of GS in
0.8/1.6/3.0‐km
home/school road‐
network buffer.
● Road‐network
distance from home/
school to the nearest
GS.

NA

● Number of GS in 0.4/ NA
0.8/1.6/8.0‐km home
road‐network buffer
● Straight‐line distance
from home to the
nearest GS.

Jilcott (2011)37

Laska (2010)39

foot bioelectrical
impedance).

Detailed Measures
of Weight‐Related
Outcomes

= −0.149, p < .01), but
the association is
insignificant for GS
around school and for all
environments among
boys.
cycle

Results of Weight‐
Related Outcomes

ET AL.

(Continues)

● No association was found
between number/distance

● Sugar‐sweetened beverage ● No associations were
found between presence/
intake was associated with
density of GS and BMI z
presence of GS within 1.6‐
score or percentage body
km buffer (β = 0.31; 95%
fat.
CI, 0.11‐0.51), and was
negatively associated with
distance to the nearest GS
(β = −0.01; 95% CI, −0.01
to ‐−0.001).
● Measured BMI z score (on
the basis of the 2000 US
CDC growth charts).
● Measured body fat
percentage.

NA

● Fruit intake was associated ● The ratio of FF outlets to
GS was not significantly
with increased number of
associated with BMI z
GS within 3.2 km (p = .041)
score.
and 6.4 km buffer (p =
.028).
● Measured BMI z score

● Overweight and obesity
(measured BMI > +1 SD
and > +2 SD of the age‐

NA

● No association was found
between proximity or
number of GS and BMI
percentile.

● No association was found NA
between number of GS and
physical activity.

Results of Weight‐
Related Behaviour

● Measured BMI percentile
(on the basis of the 2000
US CDC
growth charts; BMI was
extracted from medical
records)

● Minutes of sedentary, light, NA
and moderate to vigorous
activity per day (measured
by accelerometry).

Measures of
Weight‐Related
Behaviour

● Number of GS in 1.6‐ NA
km home straight‐line
buffer.

● Road safety variables:
km pedestrian‐
density of serious and fatal
network buffer
road traffic accidents,
around the route from
proportion of roads that
home to school,
are major roads and density
divided by route
of verges.
length.
● The weighted sum of ● Street connectivity
variables: effective walk‐
the pedestrian‐
able area & route length
network distance to
ratio, connected node ratio.
every healthy food
outlet in 6‐km home/ ● Land use mix.
school buffer.

Measures of Access
to GS

Jago (2006)36

Author (year)[ref]a

TABLE 2
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● No association was found
between presence of GS
and overweight/obesity.
● Overweight (measured BMI NA
≥ 85th percentile on the
2000 US CDC growth
charts).

● Presence of large parks, PA NA
● Presence of healthy
facility, supermarkets,
food outlets (small
convenience stores, and
GS, specialty stores)
limited‐service restaurants.
in 0.4‐km home road‐
● Parental perceptions of
network buffer.
neighbourhood about PA,
traffic safety, crime safety,
sidewalk condition, fruit
and vegetable shopping,
and low‐fat food shopping.

Ohri‐Vachaspati
(2015)42

(Continues)

● No association was found
between proximity to GS
and overweight.

NA
● At risk for overweight
(measured BMI ≥ 85th
percentile) and overweight
(BMI ≥ 95th percentile on
the 2000 US CDC growth
charts).
● Overweight index (=1 if
BMI ≤ 85th percentile; =2
if 85th < BMI ≤ 95th
percentile; =3 if 95th < BMI
≤98th percentile; =4 if BMI
> 98th percentile).

NA

● No association was found
between number of GS
and overweight in total
population.
● Number of GS was
positively associated with
overweight when stratified
by grades, and the
increased risk is largest
among students in grade 5
relative to students in
grades 6‐8.

of GS and overweight/
obesity.

Results of Weight‐
Related Outcomes

● Neighbourhood median
family income

NA

Results of Weight‐
Related Behaviour

● Road‐network
distance from home
to the nearest GS.

● Overweight (self‐reported
BMI ≥ 95th percentile on
the 2000 US CDC growth
charts).

sex‐specific mean,
respectively, on the basis of
the 2007 WHO growth
reference).

Detailed Measures
of Weight‐Related
Outcomes

Liu (2007)41

Measures of
Weight‐Related
Behaviour

● Number of gas stations, FF NA
retailers, bakeries/
doughnut shops, variety
stores and recreation
facilities (includes dance
studios, fitness/gym
facilities, and sport and
recreation clubs).

Other Environmental
Factors Adjusted for
in the Model

● Number of GSs
(supermarkets,
minimarkets) in 1‐km
school straight‐line
buffer.

0.8‐km home road‐
network buffer.
● Road‐network
distance from home
to the nearest GS.

Measures of Access
to GS

Leatherdale
(2011)14

Author (year)[ref]a

TABLE 2
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Results of Weight‐
Related Outcomes

● Number of days food items NA
● Density of FF restaurant,
were consumed in the last
full‐service restaurants, and
week, including fruit and
convenience stores.
fruit juice, vegetables,
● Price of FF and price of
meat, nonmeat protein,
food at home.
dairy, grains, and sweets
● Median household income.
(collected by audio

NA

● Density of GS (GS,
supermarkets) per 10
000 persons per 10
mi2 in home postal
zone.

● Density of GS was not
significantly associated
with food consumption
categories in total
population.
● Density of GS was
significantly associated
with vegetable

Powell (2011)52

● No association was found
between density of GS
and BMI.
NA

● Self‐reported BMI.

● Density of GS per 10 ● Density of FF restaurants, NA
full‐service restaurants,
000 persons in home
supermarkets, and
county.
convenience stores.
● Price of FF and fruit/
vegetable.
● Median household income.

Powell (2009)51

(Continues)

● No association was found
between density of GS
and BMI.
● Density of GSs had a very
small positive and
statistically weak
association with
overweight (β = 0.001, p <
.1).
NA

● Greater number of GS was NA
significantly associated
with less regular soft drinks
consumption (ref 0GS,
RR1–3GS = 0.84; 95% CI,
0.73‐0.96; RR≥4GS = 0.64;
95% CI, 0.42‐0.98]), while
the association was
insignificant for fruit juice
consumption.

Results of Weight‐
Related Behaviour

● Self‐reported BMI
● Overweight (BMI ≥ 95th
percentile on the 2000 US
CDC growth charts).

NA

Detailed Measures
of Weight‐Related
Outcomes

NA
● Density of GS per 10 ● Density of chain
000 persons in school
supermarkets, non‐chain
postal zone.
supermarkets, convenience
stores, restaurants, and FF
restaurants.
● Price of FF and fruit/
vegetable.
● Neighbourhood per capita
income.

● Average servings of soft
drink per week.
●Average servings of fruit
juice per day (assessed by
questionnaire).

Measures of
Weight‐Related
Behaviour

Powell (2007)50

● Neighbourhood income
and race.
● Household economic
status, language speaking,
and car for food shopping.

Other Environmental
Factors Adjusted for
in the Model

● Number of FF restaurants
● Number of GS in 1‐
and convenience stores.
km home straight‐line
buffer (in categories
of 0, 1‐3, and ≥4).

Measures of Access
to GS

Pabayo (2012)43

Author (year)[ref]a

TABLE 2
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Seliske (2009)15

Shier (2016)45

● Density of FF restaurant,
full‐service restaurant,
supercenters and club
stores, convenience store,
specialty store, farmers’
market, SNAP‐authorized
store, and WIC‐authorized
store.
● PA environment:
recreational/fitness facilities
density, natural amenity
index, nonattainment air
quality county, criminal
activity rate.
● Neighbourhood economic
status.
● Household composition:
ethnicity, education,
percent foreign‐born,
average household size,
percent female headed
population density.

● Frequency of fruit,
vegetable, soda, sweet
snack, salty snack, and

NA

● No associations were
found between number of
GS and food consumption
frequencies.

LI

(Continues)

● No associations were
found between number of
GS and BMI z score or
overweight/obesity.

● Measured BMI z score (on
the basis of the 2000 US
CDC growth charts).

● Density of GS (GS,
supermarkets) per
person per square
mile in home county.

● Number of GS in 3.2‐ ● Residential region.
km home straight‐line
buffer.

Results of Weight‐
Related Outcomes

● Density of GS in medium
exposure categories were
negatively associated with
overweight (ref none, OR
= 0.70; 95% CI, 0.54‐
0.92).

consumption in the low
family income group (β =
0.31, p < .05) and meat
consumption in high family
income group (β = 0.02, p <
.01).

Results of Weight‐
Related Behaviour

● Self‐reported BMI.
NA
● Overweight (on the basis of
IOTF cut‐offs, equivalent
to BMI ≥ 25 kg/m2 in
adults).

● Prevalence of low‐income
preschool obesity
(measured BMI ≥ 95th
percentile on the 2000 US
CDC growth charts).

Detailed Measures
of Weight‐Related
Outcomes

NA
● Density of GS per 10 ● Density of full‐service
restaurants, FF restaurants,
000 persons in 5‐km
sub/sandwich retailers,
school straight‐line
doughnut/coffee shops,
buffer (in categories
and convenience stores.
of none, low, medium,
and high exposures). ● Total food retailer index
(calculated as total number
of food retailers).

computer‐assisted self‐
interview).

Measures of
Weight‐Related
Behaviour

● Density of GS was
associated with childhood
obesity in metropolitan
counties (β = 3.33, p <
.01), but the association
was not found in all
counties and
nonmetropolitan counties.

Other Environmental
Factors Adjusted for
in the Model

NA

Measures of Access
to GS

Salois (2012)44

Author (year)[ref]a

TABLE 2
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NA

● Number of GS in 0.8‐ ● Number of convenience
stores, FF restaurants,
km school straight‐
fitness facilities, and parks.
line buffer.

Wasserman
(2014)13

● Number of GS and an
additional GS was
associated with
significantly lower BMI z
scores (β = −0.12; 95% CI,
−0.24 to −0.01; β = −0.1;
95% CI, −0.17 to 0.003).
● No association was found
between number of GS and
overweight/obesity.

Results of Weight‐
Related Outcomes

a

Studies included in meta‐analyses are in bold.

Abbreviations: BMI, body mass index; CDC, Center for Disease Control and Prevention; FF, fast food; FFQ, food frequency questionnaire; GIS, Geographic Information Systems; GS, grocery store; IOTF, International Obesity Task Force; NEMS‐S, Nutrition Environment Measures Survey for Stores; NA, not available; PA, physical activity; SES, socioeconomic status; WHO, World Health Organization.

Note. Straight‐line buffer—a regular (e.g., circular) zone with a certain radius around a given address/location or a street to represent a catchment or influential area of that address/location or street; Road‐network buffer—an irregular zone around a given address/location where it covers the same distance (or takes the same time) to travel from any point on the boundary of the zone to that address/location along the
shortest road network path. The buffer zone area for adjusted environmental variables was the same as access to grocery stores, unless indicated otherwise.

● Number of GS was
associated with higher
BMI percentile (β = 0.66, p
< .01).
● Number of GS was
associated with higher
odds of overweight (OR =
1.06; 95% CI, 0.99‐1.12)
and at risk of overweight
(OR = 1.06; 95% CI, 1.00,
1.12).

NA
● No associations were
found between access to
GSs and fruit and vegetable
intake.

NA

Results of Weight‐
Related Behaviour

NA
● BMI percentile (on the
basis of the 2000 US CDC
growth charts).
● At risk of overweight (BMI
≥ 85th percentile) and
overweight (BMI ≥ 95th
percentile on the 2000 US
CDC growth charts).

NA

● Frequency of fruit and
vegetable consumption
(collected by parents'
answered questionnaires).

● Number of GS in 0.8‐ NA
km home road‐
network buffer.
● Road‐network
distance from home
to the nearest GS.

Timperio
(2008)47

● Overweight (BMI ≥ 85th
percentile on the 2000 US
CDC growth charts).

Detailed Measures
of Weight‐Related
Outcomes

● Measured BMI z score (on
the basis of the 2000 US
CDC growth charts).
● Overweight (BMI ≥ 85th
percentile on the 2000 US
CDC growth charts).

ready‐made dinner
consumption per week.

Measures of
Weight‐Related
Behaviour

NA

Other Environmental
Factors Adjusted for
in the Model

● Number of GS in 0.4‐ ● Number of supermarkets,
convenience stores, and
km school road‐
limited‐service restaurants.
network buffer.

Measures of Access
to GS

Tang (2014)46

Author (year)[ref]a

TABLE 2
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Meta‐analysis of associations between the access to grocery stores (GSs) and body‐weight status

Author
(year)[ref]

Study Study
Design Area

Sample
Size

GS Measures

Weight‐Related
Outcomes

Estimated
Effect

Pooled Effect
Size [95% CI]

I2
Index

Obesity(i)

OR(95%CI)
1.19(0.85‐1.66)

OR(95%CI)
0.98(0.96‐1.00)

0

Overweight/obesity
Chen
(2016)16

CO

US

Leung
(2011)23

CO

US

Correa
(2018)30

CS

Brazil

Davis
(2009)31

CS

US

7090 Presence of GSs in home postal zone

353 Presence of GSs per 1000 persons in 0.4‐km Overweight(i)
home road‐network buffer
2195 Presence of GSs in 0.4‐km home straight‐
line buffer
529 367 Presence of GSs in 0.8‐km school road‐
network buffer

Overweight (ii)

OR(95%CI)
0.92(0.71‐1.19)

Overweight(i)

OR(95%CI)
0.98(0.95‐1.01)

CS
Vachaspati (2015)42
Presence of healthy food outlets (small
grocery stores and specialty stores) in 0.4‐
Overweight(i)
km home road‐network buffer

Ohri‐

OR(95%CI)
1.90(0.57, 6.37)

US
560
OR(95%CI)

1.03(0.58‐1.83)
Seliske
(2009)15

CS

Canada

Tang
(2014)46

CS

US

7281 Presence of GSs per 10 000 persons in 5‐km Overweight (iii)
school straight‐line buffer
12 954 Presence of GSs in 0.4‐km school road‐
network buffer

OR(95%CI)
0.90(0.70‐1.15)

Overweight(i)

OR(95%CI)
0.98(0.94‐1.02)

Obesity(i)

OR(95%CI)
1.10(0.86‐1.42)

Overweight/obesity
Leatherdale
(2011)14

CS

Canada

2449 Number of GSs in 1‐km school straight‐line
buffer

OR(95%CI)
1.01(0.99, 1.03)

33%

Shier
(2016)45

CS

US

Tang
(2014)46

CS

US

12 954 Number of GSs in 0.4‐km school road‐
network buffer

Overweight(i)

OR(95%CI)
1.00(0.97‐1.02)

Wasserman
(2014)13

CS

US

12 118 Number of GSs in 0.8‐km school straight‐
line buffer

Overweight(i)

OR(95%CI)
1.06(1.00‐1.12)

Grafova
(2008)33

CS

US

2482 Density of GSs per 10 000 persons in home Obesity(i)
county

OR(95%CI)
1.10 (0.99‐1.3)

OR(95%CI)
1.03(0.95‐1.13)

68%

Powell
(2007)50

CS

US

73 079 Density of GSs per 10 000 persons in school Obesity(i)
postal zone

OR(95%CI)
1.00(1.00‐1.00)

83%

903 Number of GSs in 3.2‐km home straight‐line Overweight(i)
buffer

OR(95%CI)
1.00(0.99‐1.01)

Obesity

BMI percentile
An (2012)49

CS

US

13 462 Number of GSs in 0.8‐km school straight‐
line buffer

Parent‐reported/
self‐reported
BMI percentile

β (SE)
β(95%CI)
For child
0.0013(−0.0406
0.0097(0.0111)
to 0.0432)
For adolescent
−0.0164(0.0070)

Wasserman
(2014)13

CS

US

12,118 Number of GSs in 0.8‐km school straight‐
line buffer

Measured BMI
percentile

β (SE)
0.66(0.24)

Powell
(2007)50

CS

US

73 079 Density of GSs per 10 000 persons in school Self‐reported
postal zone
BMI

Powell
(2009)48

CS

US

5215 Density of GSs per 10 000 persons in home Self‐reported
county
BMI

β (SE)
−0.007(0.047)

Powell
(2009)51

CS

US

3797 Density of GSs per 10 000 persons in home Self‐reported
county
BMI

β (SE)
−0.068(0.055)

BMI
β (SE)
0.012(0.009)

β(95%CI)
0.006(−0.022 to
0.033)

10%

Note. Overweight is defined as (i)BMI percentile higher than or equal to the 85th on the 2000 US CDC growth charts; (ii)BMI z score > 1 or age‐sex‐specific
BMI > +1SD, equivalent to a BMI ≥25 kg/m2 in adults, on the basis of the 2007 WHO growth reference; (iii)BMI > age‐sex‐specific cut‐off points, equivalent to a BMI greater than or equal to 25 kg/m2 in adults, on the basis of the 2000 IOTF recommendations. Obesity is defined as (i)BMI percentile higher
than or equal to the 95th on the 2000 US CDC growth charts; (ii)BMI z score > 1 or age‐sex‐specific BMI > +1SD, on the basis of the 2007 WHO growth
reference; (iii)BMI > age‐sex‐specific cut‐off points, equivalent to a BMI ≥ 30 kg/m2 in adults, on the basis of the 2000 IOTF recommendations.
Abbreviations: BMI, body mass index; CDC, Centers for Disease Control and Prevention; CI, confidence interval; GS, grocery store; SD, standard deviation;
WHO, World Health Organization.
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FIGURE 2

Meta‐analyses of the associations between presence of grocery stores in neighbourhood and child overweight/obesity

In cross‐sectional analyses, the majority of associations (12 out of

4

|

DISCUSSION

17 in BMI, 28 out of 30 in BMI percentile, five out of seven in BMI z
score, and 24 out of 29 in overweight/obesity) reported between

We systematically reviewed and identified 35 studies that assessed

access to grocery stores and weight‐related outcomes were insignif-

the association between the access to grocery stores and weight‐

icant. Significant findings with mixed results were also reported.

related behaviours and outcomes in children and adolescents. We

Two studies reported a negative association between number or

included 27 cross‐sectional studies and eight cohort studies, where

density of grocery stores and weight‐related outcomes, while one

most of the studies were conducted in the United States. The majority

reported a positive association. Also, one study reported a negative

of studies measured the access to grocery stores using GIS‐based

association between distance to the nearest grocery store and BMI.

measures, and overweight/obesity was the most commonly studied

Despite reporting null associations in the overall population, some

outcome variable. Mixed results were observed for this association

studies reported significant findings when conducting stratified anal-

for studies both conducted in and outside the United States. While

ysis by gender, grades, or location. One study reported better access

only a few studies reported protective effects for children's weight‐

to grocery stores were associated with lower FMI in girls while

related behaviour/outcomes with increased access to grocery stores,

insignificant association was found in boys; one study reported that

most of the studies reported null associations and some studies

a positive association between number of grocery stores and over-

observed obesogenic effects with increased access to grocery stores.

weight was only observed when stratified by grades, and the

The meta‐analysis found insignificant associations between access to

increased risk of overweight was largest among students in grade 5,

grocery stores and weight‐related outcomes in eligible studies, though

relative to students in grades 6 to 814; one study found that density

the association between presence of grocery store and decreased

of grocery stores was associated with obesity in metropolitan

odds of overweight/obesity reached borderline significance.

counties, while the association was not found in non‐metropolitan
counties.

In this review, we identified 10 studies that analysed the association between access to grocery stores and weight‐related behaviours,

Table 3 summarizes the modelling results from the meta‐analysis.

however, there are large variations in outcome measures among these

Four meta‐analyses were conducted to estimate the pooled effect size

studies. The consumption of food categories including fruits, vegeta-

between measures of grocery stores and weight‐related outcomes.

bles, and beverages was most commonly analysed, but it is difficult

We observed insignificant pooled effects in three meta‐analyses, with

to make conclusions on the position of association because of incon-

one between density of grocery stores and BMI (β = 0.006; 95%CI,

sistency of existing results and limited number of studies available.

−0.022 to 0.033), one between number of grocery stores and BMI

Physical activity was consistently reported to have null associations

percentile (β = 0.001; 95%CI, −0.041 to 0.043), and one between num-

with access to grocery stores in two included studies.29,36 Other dif-

ber of grocery stores and overweight/obesity (OR = 1.01; 95%CI,

ferent aspects of dietary behaviours analysed included overall dietary

0.99‐1.03). The analysis between presence of grocery stores and over-

quality score and eating habits.

weight reached borderline significance (OR = 0.98; 95%CI, 0.96‐1.00)

The findings of the association between access to grocery stores

in seven eligible studies. Stratified meta‐analysis was conducted on

and weight‐related outcomes were consistent with the systematic

these seven studies by study design (Figure 2), where we found this

review by Cobb et al (2015), which reported no indication of associa-

significant association was only found in cross‐sectional studies (OR

tion between grocery stores availability and childhood obesity.17 In

= 0.98; 95%CI, 0.95‐1.00) not cohort studies (OR = 1.23; 95%CI,

this review, we also found that the majority of associations were insig-

0.89‐1.70).

nificant both in cross‐sectional and longitudinal analysis, suggesting
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that access to grocery stores in the home or school neighbourhood

acceptability and accommodation generally showed a significant rela-

may have little influence on childhood obesity.

tionship between food quality or opening hours and fruit and vegetable

It is also worth noting that despite the non‐significant associations

consumption.19 Third, most studies only considered walkable distance

observed in the overall population, many studies reported significant

for children and their parents, and few studies have taken into account

findings in stratified analysis, where opposite associations were

the role of transportation. Children might reach grocery stores beyond

observed when stratified by gender, weight, and economic status.

their buffer zones in other ways, eg, taking public transportation and

These results may suggest that the true association between access

being taken there by parents.56,57

to childhood obesity was masked or diluted when analysing the overall

This review and especially the meta‐analysis were influenced by

population. Unfortunately, we were not able to conduct stratification

study quality and data availability of the included studies, while we

in meta‐analysis because of insufficient data available, though some

found insufficient studies for high‐quality meta‐analysis. One reason

evidence may support these opposite associations between different

for this insufficient data availability was the inconsistency in measures

subgroups. For instance, gender differences in age of puberty, physical

of exposure variables, where it is infeasible to pool together distinct

activity, and eating habits may, to some extent, help to explain the

measures, such as number of grocery stores and distance to the

opposite associations reported among boys and girls16,53; weight and

nearest grocery stores. Also, we observed that 10 included studies

economic status may influence an individual's eating and shopping

categorized grocery stores and supermarkets together, and one study

24,52

Future studies

categorized grocery stores together with fast‐food outlet. We have

would be needed to specifically examine whether these factors influ-

tried to conduct multiple meta‐analyses with similar measures, though

ence the true relationship between access to grocery store and child-

some of these studies may truly have different underlying associations

hood obesity.

between the access to grocery store and childhood obesity under dis-

habits, thus change the direction of association.

Several possible reasons may also help to explain this null associa-

tinct study settings. The other possible limitations included

tion. First, different definitions and classification systems for grocery

nondetectable effect size, confounding issue, and insufficient food

store in different countries may influence the association. In the United

environment analysed.58-60

States and Canada, where most studies were conducted, grocery store

To advance research on the association between the access to gro-

was more consistently defined using the 6‐digit NAICS code or Stan-

cery stores and child weight‐related behaviours and outcomes, future

dard Industry Classification (SIC) codes,54 plus the restriction on store

studies are warranted to improve several aspects. First, objective mea-

size or annual sales. Though some studies in the United States or Can-

surement should be conducted in a more precise and consistent way,

ada (six out of 30 studies) has categorized grocery stores together with

eg, using GIS‐based road‐network distance and a set of radii a priori

supermarkets, this definition system allows a rather clear separation

for better comparability. More advanced spatial approaches, such as

among grocery stores and other similar types of food stores as com-

remote sensing and citizen science, are alternative methods to obtain

pared with the definition in other countries. For instance, grocery store

such environmental measures where GIS‐based road‐network are not

was categorized as health specialty stores together with healthy food

available.61-63 Second, some novel objective measures and subjective

stores, farm shops, and butchers in both of the two studies conducted

measures should be added to measure all dimensions of the access

in the United Kingdom, where both studies reported a protective effect

to grocery stores, such as affordability, acceptability, and accommoda-

on childhood obesity. Also, the study conducted in Brazil included both

tion.64 Third, more pathway‐based analyses need to be conducted to

greengrocer and public market together, and the study conducted in

elucidate underlying mechanisms from grocery stores in individual's

China categorized indoor stores selling all types of food as one category,

home and/or school neighbourhoods to child weight‐related behav-

regardless of store size, which may possibly include supermarkets, gro-

iours and outcomes. Fourth, in addition to healthy food, most grocery

cery store, and convenience store. Second, the method of measuring

stores also sell unhealthy food choices, eg, sweetened beverages and

the access to grocery stores varied, in terms of choosing the buffer

preserved food,65 and the effect of grocery store on childhood obesity

radius and measuring the radius/distance (straight‐line or road‐net-

may depend on actual food catalogs sold and purchased in each store.

work), which may influence the results. More importantly, according

It is also necessary to take into consideration a list of children‐specific

to the commonly used conceptual framework, how children could actu-

factors, including children's pocket money, whether meal and/or

ally interact with their surrounding grocery stores may be determined

snacks are provided at school, and mode of transportation between

by not only the access to grocery stores (ie, availability and accessibility),

home and school.66

55

but also the affordability, acceptability, and accommodation.

In this

review, four studies considered the affordability by taking into account
food price22,48,51,52 and 14 studies has considered the economic status
of the family or the neighbourhood, while only one study has measured

5

|
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the acceptability (ie, people's attitudes) towards food shopping, and no
study measured the features about accommodation (ie, the adaptation

This systematic review of both cross‐sectional and longitudinal

of stores to resident's needs). We should be aware that measuring dif-

studies revealed a rather weak relationship between grocery stores

ferent dimensions of the access to grocery stores may yield different

and

results. For instance, Caitlin et al found that studies examining

adolescents.

weight‐related

behaviours/outcomes among

children

and

LI
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