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Abstract Description of the consumer food environment

has proliferated in publication. However, there has been a lack

of systematic reviews focusing on how the consumer food

environment is associated with the following: (1) neighbor-

hood characteristics; (2) food prices; (3) dietary patterns; and

(4) weight status. We conducted a systematic review of pri-

mary, quantitative, observational studies, published in English

that conducted an audit of the consumer food environment.

The literature search included electronic, hand searches, and

peer-reviewed from 2000 to 2011. Fifty six papers met the

inclusion criteria. Six studies reported stores in low income

neighborhoods or high minority neighborhoods had less

availability of healthy food. While, four studies found there

was no difference in availability between neighborhoods. The

results were also inconsistent for differences in food prices,

dietary patterns, and weight status. This systematic review

uncovered several key findings. (1) Systematic measurement

of determining availability of food within stores and store

types is needed; (2) Context is relevant for understanding the

complexities of the consumer food environment; (3) Inter-

ventions and longitudinal studies addressing purchasing

habits, diet, and obesity outcomes are needed; and (4)

Influences of price and marketing that may be linked with why

people purchase certain items.

Keywords Food environment � Community

Introduction

As obesity continues to plague the US, presenting major

public health and economic challenges [8], researchers and

policy makers examine the potential for preventing obesity

through changes to the food environment [79]. Both macro-

and micro-level factors in the food environment may

influence dietary patterns and obesity. For the purposes of

this paper, we define the macro-level food environment as

access to food venues such as supermarkets and fast-food

restaurants [38, 79]. As such, the macro-level food envi-

ronment may be one causal factor in the pathway to an

unhealthy diet and subsequent obesity [35]. At the micro

level, the consumer food environment, or the food options

within a store where individuals purchase food, may also

be a causal factor in the development and progression of

unhealthy diet and subsequent obesity [70].

Despite the conceptual frameworks as described by

Story et al. [38] and Glanz et al. [79] featuring food

environment change, findings for many environmental

features are inconsistent, whether at the micro or macro

level, and between geographic locations [5, 15, 31, 36, 58,

66]. Studies at the macro-level, assessing proximity and

coverage of types of food outlets and the rates of obesity or

dietary intake have found mixed results. In regards to

coverage of types of food outlets, several studies report that

neighborhoods with high minority composition or low-

income residents have fewer supermarkets and more con-

venience stores and fast-food restaurants [11, 64, 71].
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Although it may be well understood that certain low-

income or minority neighborhoods have less supermarkets

and grocery stores, recent research has begun to uncover

that proximity to certain establishments is not necessar-

ily associated with diet and weight outcomes [10, 12].

Although cross-sectional studies in rural settings report

proximity to fast-food restaurants with higher body mass

index (BMI) or greater odds of obesity [50, 74, 78], a

longitudinal study in urban settings reported that those

residents living closer to fast-food restaurants do not report

higher BMI or greater consumption [10]. Additionally, a

longitudinal study conducted in urban settings assessed the

association between proximity to supermarkets and

intake of fruits and vegetables, and found a null association

[12].

Most reviews have focused on the macro-level food

environment [30, 62] with specific attention given to

understanding the evidence as it relates to the micro-level,

or consumer food environment (food availability within

stores) [7], and the relationships between neighborhood

characteristics, food prices, dietary patterns, and weight

status. However, of the studies focusing on the micro-level

consumer food environment, the results are inconsistent.

Overall, findings suggest that those who shop at locations

with generally healthier food options, do not report lower

BMI or higher intake of fruits and vegetables [41, 45, 37,

81]. However, there are studies which report that those

living in low-income neighborhoods report a lower healthy

eating index, indicating lower diet quality [32, 33]. When

studies use a food store audit tool to measure fruit and

vegetable prices within stores and the association with

intake or BMI, the results suggest that lower prices of fruits

and vegetables are associated with lower increases in BMI

[80]. Additionally, a cross-sectional study found an inverse

relationship between neighborhood availability of fruits

and vegetables and BMI [47], such that the higher fruit and

vegetables availability, the lower the self- reported BMI.

Given that recent research has focused on food avail-

ability within stores, a review of the evidence is warranted

to gain better insight into the complexities of using food

store audit tools to measure food availability within stores.

Indeed, the recent attention given to understanding the

store contents where people live and shop can be seen with

a surge in publication between 2000 and 2011. In the years

2000–2003 there were 4 papers published, while in

2008–2011 there were 35 papers. The sharp increase in the

number of publications regarding the micro-level store

consumer food environment suggests that this is a critical

research area that needs further focus. Based on the lack of

systematic reviews focusing on the consumer food envi-

ronment, our aim was to present an assessment of recent

literature focusing on the association between the con-

sumer food environment and the following: (1)

neighborhood characteristics; (2) food prices; (3) dietary

patterns; and; (4) weight status.

Methods

The purpose of this review was to evaluate the literature for

evidence of the association between the consumer food store

environment and neighborhood characteristics, food prices,

dietary patterns, and weight status. Our search in PubMed

(National Library of Medicine, Bethesda, Maryland) included

the medical subject headings (MeSH) ‘‘obesity’’ or ‘‘over-

weight’’ and ‘‘environment,’’ ‘‘built environment’’, ‘‘retail,’’

‘‘food store,’’ ‘‘food environment’’, ‘‘food retail’’, ‘‘diet’’,

‘‘fruit and vegetable’’, ‘‘fruit’’ or ‘‘vegetable’’, ‘‘snack food’’,

and ‘‘food audit’’. The search was restricted to studies pub-

lished in English examining the in-store food contents. The

initial search returned 617 papers. We excluded studies which

did not conduct a food store audit, or checklist, or market

basket, or inventory. We also excluded papers that presented

findings on developing the audit, checklist, or inventory. We

excluded papers published before 2000 since several reviews

have published this data [7, 62]. This left us with 47 eligible

papers.

These manuscripts were compared with two literature

reviews [7, 62] and one federal website listing food store

environment resources and associated manuscripts (National

Cancer Institute Food Environment Instruments https://

riskfactor.cancer.gov/mfe/instruments). There were an addi-

tional 10 manuscripts identified when comparing the list of 46

with the other review papers and federal web site resource. The

list was then circulated to a content expert to verify the list of

manuscripts. These steps resulted in a total of 56 papers

(Table 1) which were then evaluated with a primary goal to

compare and contrast study outcomes. We grouped papers by

common food store instruments, geographic region (rural vs.

urban), and outcomes (neighborhood characteristics, food pri-

ces, dietary patterns, and weight status). Papers were grouped

based on methods and location described in each manuscript.

Reviewers verified rural and urban classification based on the

USDA rural codes [28]. For manuscripts conducted outside of

the United States if the authors indicated the study was con-

ducted in a rural environment the study was classified as rural.

The outcomes were classified based on manuscript aims and

hypothesis statements as well as result and tables sections.

Results

Of the 56 papers considered acceptable for the review, 39 were

conducted in urban settings, while 13 were conducted in rural

settings, and 4 were conducted in both urban and rural settings

(Table 2). A majority of the papers were conducted in the
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United States (n = 41) with few conducted outside the United

States; United Kingdom, including Scotland, (n = 6), Aus-

tralia (n = 6), Nova Scotia (n = 1), Canada (n = 1), and

New Zealand (n = 1). The food store audit tool was typically

either an overall assessment of several types of food in the

store, such as the Nutrition Environment Measurement Sur-

vey-Stores (NEMS-S) [39] (n = 30), or a checklist for

availability of fruits and vegetables (n = 19), with eight

studies using a checklist for availability of snack food or

prepared food. A majority of the studies looked at neighbor-

hood availability or quality within stores (n = 30) or com-

parison of prices between healthy and less healthy traditional

food items (n = 21). Twelve studies examined the association

between dietary patterns and weight status relative to in-store

food contents.

Overall Food Availability in Stores

Several researchers used a food store audit tool to assess

the store contents. A large percentage of the studies used a

tool to look at overall food availability using a market

basket of food items which included fruits and vegetables

but did not single out produce (n = 30 or 52%). Of the

studies assessing overall availability, 23 were conducted in

urban settings, and 7 were conducted in rural settings.

Neighborhood Characteristics

Studies (n = 30) using a market basket tool or an audit

(Table 3) to examine the overall healthfulness of food

available in the store and the association with neighbor-

hood characteristics, had mixed results. All of these studies

used a tool that assessed availability of a range of food

items (19–622) based on consumption patterns, health of

the food item, ethnic considerations, and geographic loca-

tion. Of the six studies finding that stores in low income

neighborhoods or high minority neighborhoods had less

availability of healthy food, all were conducted in the

United States [2, 4, 32, 33, 46, 56, 76]. Conversely, there

were four studies reporting no association between store

availability of healthy food items and neighborhood

deprivation [45, 52, 84, 87] or demographic characteristics

[52]. Those four studies were conducted in the United

States with 3 being in urban settings [52, 84, 87] and the

other being in a rural setting [45]. When studies addressed

quality of the food items the results shift slightly: two

studies reported that the quality of the food items was

lower in stores located in low-income neighborhoods

[54, 76] or that non-traditional food stores carried a variety

of quality items [13].

Food Prices

Of the studies assessing food prices (n = 16), six studies

conducted a price comparison between store types (super-

market vs. convenience stores), while four studies con-

ducted a price comparison between neighborhoods (i.e. low

socioeconomic status compared to high socioeconomic

status), and six studies conducted a price comparison

between a healthy basket of food compared to a regular

version of the food basket.

Of the studies conducting a price comparison between

store types, six studies found that larger grocery stores had

cheaper prices for healthy food items compared to smaller

grocery stores [9, 42, 44, 52, 53, 65] and three studies

found that convenience stores and gas stations had higher

prices compared to grocery and supermarkets [23, 56, 57]

for healthy food items.

Two of the studies measuring price differences between

neighborhoods found price differences within store types

between low and high income neighborhoods [46, 54]

conducted in the United States, such that stores in low-

income neighborhoods had higher prices relative to stores

Table 2 Study characteristics summarized 2000–2011

(n = 56) N (Percentage

of total)

Study setting Rural 13 (23)

Urban 39 (70)

Both rural/urban 4 (7)

Country United States 41 (73)

Australia 6 (11)

Canada 1 (2)

United Kingdom 2 (4)

New Zealand 1 (2)

Scotland 4 (7)

Nova Scotia 1 (2)

Food tool used Overall availability 30 (52)

Fruit and vegetable

availability only

18 (32)

Prepared food 2 (4)

Snack food 4 (7)

Snack food including

fruit/vegetable

1 (2)

Prepared and snack food 1 (2)

Outcome Measureda Neighborhood

availability/quality

30 (54)

Price 21 (38)

Body mass index (BMI) 6 (11)

Dietary pattern 6 (11)

Year published 2000–2003 3 (5)

2004–2007 18 (32)

2008–2011 35 (61)

a There are double counts since some studies had multiple outcomes
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in high income neighborhoods. Yet, two other studies

found no significant price differences between supermar-

kets located in high versus low income neighborhoods

[53, 56].

Regarding studies conducting a market basket compar-

ison four US-based, urban studies found that the healthier

version of the basket was more expensive compared to the

regular or government-supported version [49, 57, 83, 37],

yet the New Zealand based study found no price differ-

ences between the two types of baskets [63]. One study

addressed the association between price and purchasing

habits and reported no effect of price on purchasing habits,

whether the price was measured objectively or through

perception of price [35].

Dietary Patterns and Weight Status

Results of several studies addressing overall in-store food

availability with dietary patterns and BMI suggest an

association with availability and behavioral and health

outcomes in the United States in urban settings. Contrary to

conventional thought, high availability of healthy food was

associated with high BMI [15], yet in a similar study set-

ting, low availability of healthy foods was associated with

a lower healthy eating index score [32]. Two cross-sec-

tional studies conducted in rural settings found no associ-

ation between store availability and diet or BMI, both using

the NEMS-S instrument [41, 45]. Likewise, studies con-

ducted in Australia and the United Kingdom found that

overall store availability of healthy foods was not associ-

ated with dietary outcomes, or BMI [35, 81].

Fruit and Vegetable Availability

A large percentage of the studies examined availability of

fruits and vegetables within stores (n = 18 or 32%). The

number of fruit and vegetable items collected varied

between 7 and 80. Of the studies assessing fruit and veg-

etable availability 13 were conducted in urban settings, 4

were conducted in both rural/urban settings, and 2 were

conducted in only rural setting.

Neighborhood Characteristics

The studies examining the association between neighbor-

hood characteristics and fruit and vegetable availability had

similar mixed results as those studies assessing overall

availability of healthy foods and neighborhood character-

istics. Contrasting results were found between studies

measuring availability of fruits and vegetables within

minority neighborhoods: two studies found that neighbor-

hoods with primarily Black resident had a lower proportion

of stores that carried fresh or frozen fruits and vegetables

[17, 40, 64] and one study found the fruits and vegetables

were more expensive [26]. Additionally, other studies

conducted in urban and minority neighborhoods found a

low proportion of quality fruits and vegetables available

[20, 21, 48, 51]. However, several studies conducted in

urban settings in the United States and in the United

Kingdom found no difference in availability based on

neighborhood characteristics [67, 84, 86]. One study found

that those who lived in the most deprived neighborhood

actually had the best access to stores with high availability

of healthy foods [77]. Lastly, one study found that many

small markets in low-income neighborhoods did carry a

moderate or better variety of fresh fruits and vegetables

[34] when compared to higher income neighborhoods.

Food Prices

Several studies examined price differences between fruits

and vegetables within neighborhoods (minority or low-

income) and within store types (supermarket vs. conve-

nience). The results indicate that overall prices of fruits and

vegetables did not differ based on neighborhood charac-

teristics [21, 84, 86]. One study addressed mean cost of

meeting the USDA-recommended level of fruit and vege-

table consumption. This study reported that relying on a

limited variety of fruits and vegetables cost much less than

relying on a higher variety of less commonly available

fruits and vegetables [26].

Dietary Patterns and Weight Status

Of the limited studies with an aim of determining the

association between availability of fruits and vegetables

and dietary patterns and weigh status there are mixed

results, largely based on geographic location.

Consumption of Fruits and Vegetable as an Outcome

One study conducted in an urban US setting found that

availability of fruits and vegetables in stores was not associ-

ated with consumption [27]. Complementary to this finding

were results from a study conducted in urban United Kingdom

which found price of fruits and vegetables was not associated

with consumption [67]. However, a study conducted among

rural seniors reported that proximity to stores with a high

availability of fruits and vegetables reported a greater intake of

fruit [73]. Additionally, another cross-sectional study found

that fruit and vegetable consumption decreased as price

increased for fruits and vegetables [14]. Lastly, those living in

communities with grocery stores that had more varieties of

produce had on average greater increases in fruit and vege-

table intake, over a 12-month period, [14] compared to those
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living in communities with grocery stores that had fewer

varieties of produce.

BMI as an Outcome

Studies addressing the association between fruit and veg-

etable availability and BMI found that lower prices of fruits

and vegetables predicted lower gains in BMI [80], while a

cross-sectional study found an inverse relationship between

availability of fruits and vegetables with BMI [47], such

that the more fruits and vegetables that were available the

lower the self-reported BMI.

Snack Foods and Prepared Foods

There were eight separate author studies assessing the

availability of energy dense snack food items or snack food

items including fruits and vegetables within stores [5, 29,

59, 69, 70], or prepared foods or prepared and snack food

[22, 54, 74, 19]. The studies addressing snack food avail-

ability were all conducted in urban areas; whereas the

studies assessing availability of prepared foods were con-

ducted in both rural (n = 3) and urban settings (n = 1).

Neighborhood Characteristics

Of the 8 studies reporting on prepared and snack food, four

studies reported high availability of energy dense snacks in

corner stores [59], gas stations and pharmacies [29], and

supermarkets [69, 70] relative to healthy food items. One

study found that healthy items slightly favored higher

income neighborhood stores relative to lower income

neighborhood stores [6]. However, a study conducted in 19

urban cities found no significant difference between

household income or percentage minority and availability

of energy dense snack items [29]. In regards to availability

of prepared food items, such as rotisserie chicken, two

studies reported high availability of prepared food items in

grocery stores and smaller stores [22, 74] and these stores

or pulgas were found in deprived neighborhoods (those

neighborhoods with a high proportion of low-income, low-

education, high poverty individuals). Lastly, one study

addressed availability of prepared food within store types,

finding supermarket/grocery stores provided a greater

variety of regular entrees and side dishes than traditional

fast food outlets or convenience stores [19].

Food Prices

The studies focusing on availability of snack foods and

prepared foods did not conduct comparison between heal-

thy snack items with energy dense snack items. Nor did

these studies conduct a comparison between store types

and price of snack foods.

Dietary Patterns and Weight Status

One author over 2 years reported on availability of energy

dense snack food and the association with BMI. In both

manuscripts the results indicated that more shelf-space for

energy dense snack food was associated with a higher BMI

[68, 70].

Discussion and Recommendations

This systematic review uncovered several key findings. (1)

Systematic measurement of determining availability of

food within stores and store types is needed; (2) Context is

relevant for understanding the complexities of the con-

sumer food environment within different settings; (3)

Interventions and longitudinal studies addressing purchas-

ing habits, diet, and obesity outcomes are needed; and (4)

Influences of price, marketing, and other behaviors that

may be linked with why people purchase certain items.

Based on these key finding the following recommendations

are made.

Systematic Measurement of Determining Availability

of Food Within Stores and Store Types

The review suggests there is a wide range of food store audit

tools assessing overall availability and availability of fruits

and vegetables (Table 3). While all audits included fresh fruits

and vegetables, some audits included low-fat dairy, cooking

oils and spreads, while others included low-fat snack items.

Although it is important to address geographic, racial, and

ethnic differences, the wide range of items collected make

comparisons between studies difficult. Additionally, it is dif-

ficult to ascertain from the variety of tools, which are the key

food items that need to be included on food store audits to

accurately assess the ‘‘health’’ of the store. To further com-

plicate matters, science on diet and health is changing at a

rapid pace, and recent recommendations do not encourage

low-fat consumption, rather focusing on fat quality [61, 82].

To these ends food store audit tools need to be streamlined to

include the most relevant food items to, reflect the health of the

store, and remain fluid rather than static to address current

scientific recommendations regarding diet and health.

Context is Relevant for Understanding

the Complexities of the Consumer Food Environment

There is a vast difference in results between studies con-

ducted in the United States relative to other studies, such
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that those studies in the United States tended to find dif-

ferences between neighborhoods and prices for availability

of healthier food items, whereas studies conducted in other

countries generally reported no association. The lack of

consistency between studies points to the complex nature

of measuring the food store environment within diverse

settings and store types. Recent results have pointed to the

variety in types of supermarkets and the variety of food

offered within these stores [25]. By lumping together

‘‘supermarkets’’ into one category, very important differ-

ences within this category are being missed [55]. Key

differences between supermarkets in low-income versus

high-income neighborhoods, such as lighting, safety, and

crime rates, are not traditionally reported. A more com-

prehensive description of the store, along with the sur-

rounding neighborhood is needed to understand the context

in which individuals shop and therefore the association

between neighborhood characteristics and the consumer

food environment.

Complementary to understanding the neighborhood

aesthetics several additional key variables are needed to

understand the dynamic between store location, individual

access, and prices. Convenience stores by definition are

going to offer their goods at a higher price based on

economies of scale. By comparing prices of healthy foods

between convenience stores and larger grocery store the

food at convenience stores will almost always be more

expensive and thus this information does little to help

inform policy with regard to price effects of healthy food

relative to regular food items. The research question that

might be more relevant is examining how competition,

location of stores, and individual income all work together

to drive price and availability of items. These three vari-

ables all push and pull with and against each other to

determine price of food. Future research needs to consider

these variables when aiming to understand the intersection

between food price, consumer behavior, and health

outcomes.

The review found that a small percentage of the studies

were conducted in rural areas (n = 17 30%). The lack of

research focusing on rural communities highlights the

need for future research to focus not only on urban set-

tings but rural as well. Given, that a large proportion of

rural residents live in food deserts, determining the extent

to which the consumer environment influences diet and

obesity among those most at risk for diet and disease is an

essential. Additionally most studies have used in-store

measurement techniques that are well suited for super-

markets, corner stores, and small grocery store. However,

recent research has highlighted the need to assess

non-traditional food venues, such as dollar stores and

pharmacies, particularly in rural areas [75]. Research has

shown that a large proportion of rural residents shop

at non-traditional food outlets [41, 72, 75]. Given the

trend in non-traditional food store shopping measurement

tools need to be adapted to adequately address these

venues in order to accurately measure the consumer food

environment.

Lastly, capturing patterns of shopping habits is needed

to understand the nature of how individuals live within

their various communities, such as work versus home.

There were few studies that reported whether individuals

chose to shop for food because of proximity to home, work,

or other [41]. Of those studies the results reported that a

majority chose their food store because of proximity to

home. However, what is missing is understanding how

availability of certain foods within stores may influence

store choice and therefore other food choices once inside.

Future studies need to capture daily patterns of food

shopping as well as understanding why individuals chose

the stores they do.

Interventions and Longitudinal Studies Addressing

Purchasing Habits, Diet, and Obesity Outcomes

to Better Examine the Intersection

The research to date has made efforts to highlight the

complex nature of the individual within their neighborhood

and the locations they frequent for food. Yet, additional

knowledge is needed to uncover the complex nature of the

bidirectional nature of the environment and the individual.

There was one longitudinal study which found that lower

prices in fruits and vegetables predicted lower gains in

BMI [80]. This result is promising but needs to be repli-

cated in order to understand the potential mechanisms by

which the environment influences health outcomes. Addi-

tionally, this study addressed price, while there remains a

large gap in understanding how the environment influences

purchasing habits, diet and obesity overtime. Although

recent longitudinal studies found that overtime living close

to supermarkets or fast-food restaurants did not predict

intake [10, 12] these studies did not assess the consumer

food environment. Where individuals shop and eat, rather

than just proximity to certain store types, is most important

[60].

Recent cross-sectional results point to that women

participating in a weight-loss intervention living in rural

communities with limited access to supermarkets actually

increased their intake of fruits and vegetables (Gustafson,

A J Nutrition and Metabolism 2011). This result indi-

cates that an intervention may help to decrease perceived

and real barriers to purchasing fruits and vegetables.

Future interventions should address the environment

where individuals live, work, and play to see meaningful

results.
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Influences of Price, and Marketing may be Linked

with Why People Purchase Certain Food Items

Price

There has been much debate in understanding the influ-

ence price has on consumer intake of healthy food items.

Several studies have indicated that consumers cite price

as a barrier to purchasing healthy foods [3, 16, 85]. Our

review found that several studies conducted price com-

parison between store types and between healthy and

regular food baskets. The results were mixed between

store types and neighborhood characteristics such that,

certain studies found prices differences between store

types and neighborhoods when comparing healthy food

items, whereas others did not find differences. Given the

conflicting results efforts should be aimed at under-

standing at what price will consumers move from an

unhealthy or regular food item to the more affordable

healthier choice. Recent studies have found that as gas

price increases, body weight decreases, [18] suggesting

that consumers spend less on unhealthy food items or

food in general, or more likely to be walking. Yet,

studies point to the high cost a healthy diet has on low-

income consumers [1, 24, 25]. To better understand how

price influences purchasing habits, natural experi-

ments assessing price fluctuations and the influence on

consumer purchasing habits are warranted. Moreover,

community level interventions aimed at reducing prices

may help to elucidate the intersection between the indi-

vidual and the consumer food environment with regard to

price.

Marketing

There has been attention in recent years on how mar-

keting to children influences food preferences and intake

[43]. However, in this systematic review, none of the

studies mentioned marketing within stores and the influ-

ence that may have on why individuals choose certain

food items. Few tools examine placement of products or

advertisements for products. For example, although

supercenters score high on NEMS-S, supercenters thrive

on selling in bulk, and advertise to that effect. Even if

individuals purchase ‘healthy’ items in bulk, once they

are home, overall caloric consumption may be increased

due to the bulk purchases. Indeed, we found a positive

association between BMI and proximity to supercenters

[41]. Future research needs to consider in-store marketing

of healthy and regular items and the influence on con-

sumer purchasing behavior.

Conclusion

The systematic review found that, overall, the micro-level

consumer food environment, food items within stores, was

not consistently associated with low-income or minority

neighborhoods; difference in food prices; dietary out-

comes; and BMI. However, given the complex nature of

measuring in-store contents and the wide range of food

store audit tools used, it remains to be determined if the

consumer food environment is a distal determinant of diet

and obesity status.
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