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Abstract
Background—Most public health studies on the neighborhood food environment have focused on
types of stores and their geographic placement, yet marketing research has long documented the
influence of in-store shelf-space on consumer behavior.

Purpose—This paper combines these two strands of research to test whether the aggregate
availability of specific foods in a neighborhood is associated with the BMIs of its residents.

Methods—Fielded from October 2004 to August 2005, this study combines mapping of retail food
outlets, in-store surveys, and telephone interviews of residents from 103 randomly sampled urban
census tracts in southeastern Louisiana. Linear shelf-space of fruits, vegetables, and energy-dense
snack foods was measured in 307 food stores in the study tracts. Residential addresses, demographic
information, and heights and weights were obtained from 1243 respondents through telephone
interviews. Cumulative shelf-space of foods within defined distances of each respondent was
calculated using observations from the in-store survey and probability-based assignments of shelf-
space to all unobserved stores in the area.

Results—After controlling for sociodemographic variables, income, and car ownership, regression
analysis, conducted in 2008, showed that cumulative shelf-space availability of energy-dense snack
foods was positively, although modestly, associated with BMI. A 100-meter increase in shelf-space
of these foods within 1 kilometer of a respondent’s household was associated with an additional 0.1
BMI points. Fruit and vegetable shelf-space was not significantly related to BMI.
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Conclusions—Interventions that seek to improve the neighborhood food environment may need
to focus on more than just increasing access to healthy foods, because the results suggest that the
availability of energy-dense snack foods plays a role in weight status.

Introduction
Obesity is the most pressing nutritional problem in the U.S. A number of researchers have
studied the relationship between neighborhood food environments and the consumption of
foods that might affect weight status.1–5 Researchers have also explored the direct relationship
between retail outlets and weight status. A Massachusetts study found that the presence of a
supermarket in a ZIP code area was associated with a reduced risk of obesity among area
residents.6 Using census-tract data from four states, it was found7 that the presence of a
supermarket was associated with a lower prevalence of obesity or overweight status. Another
study8 found that the ZIP code–level concentration of chain supermarkets was associated with
reduced BMI and overweight among a national sample of U.S. adolescents.

Although these studies have advanced the field of neighborhood analysis, more work is needed
to understand the nuances of context. The marketing literature has long realized the importance
of shelf-space in affecting consumer behavior,9–12 yet this aspect has rarely been considered
in public health studies on the neighborhood food environment. For example, it has been
found10 that doubling the shelf-life of fruits and vegetables resulted in sales increases of about
40%; other studies9,12 have also documented increased sales resulting from shelf-space
manipulations for a wide variety of foods. A second gap in the public health literature is that
most of it has focused on supermarkets, but in urban neighborhoods, stores other than
supermarkets might play an important role in consumption. A third issue is that geographic
scale has not been well explored in these studies. The census tract may be too small an area,
because many residents are likely to shop outside the tracts in which they live. ZIP codes or
counties may be too broad, particularly for urban residents.

This paper seeks to develop our understanding of the link between weight status and the
neighborhood food environment. Environments are characterized at various distances around
an individual’s residence by summing the shelf-space of specific foods—fruits and vegetables
and energy-dense snack foods—in all area stores. BMI is hypothesized to be inversely
associated with the availability of fruits and vegetables and positively associated with the
availability of energy-dense snack foods.

Methods
Study Sample

This study is part of a larger project on neighborhood alcohol and food environments and their
relationship to consumption and health outcomes.13 The sample frame consisted of all urban
census tracts within a 26-parish (county) area of southeastern Louisiana, and it included the
cities of New Orleans, Baton Rouge, and Lafayette. Urban tracts were defined as those that
had a population density of ≥ 2000 people per square mile. Of the 379 urban tracts in this area,
114 were randomly selected for this study. Begun in October 2004, the study ended abruptly
in August 2005, because of Hurricane Katrina. Thus, only 103 of the initial 114 sampled tracts
were observed. These are referred to as study tracts. The research consisted of three
components: a mapping of all retail outlets that sold food in the study tracts and in neighboring
areas, in-store surveys of stores in the study tracts, and a telephone survey of residents in study
tracts. Phone and store surveys were sequenced throughout the year in a coordinated fashion,
and systematic ordering assured a balanced representation across the three major cities, despite
the abrupt ending.
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Mapping of Retail Outlets
A list of retail outlets that sold alcohol was obtained from the Louisiana Department of Alcohol
and Tobacco Control. The list was categorized by census tract in order to observe all stores in
the study tracts. A team of two observers drove down every street in these tracts to verify that
stores on the list were still open and to record addresses of stores not on the original list. In all,
307 stores were observed and geocoded using ArcGIS 9.2. Although most full-time food stores
in Louisiana sell alcohol, some general merchandise and drugstores do not. To capture all
outlets that sold food, and because residents might make purchases at stores in tracts adjacent
to where they lived, address and store-type information was obtained from the Louisiana Office
of Public Health for all stores permitted to sell food in the broader area from which tracts were
sampled.

The final geocoded store list included the 307 stores in the study tracts described above, as
well as 2614 stores in this broader area. These stores were first grouped into either full-time
groceries (grocery sales ≥ 60% of total gross sales) or other store types (grocery sales <60%
of gross sales). Full-time groceries were subsequently classified into three types: (1) small food
stores (sales of <$1 million/year); (2) medium food stores (sales of $1–$5 million/year); and
(3) supermarkets (sales of >$5 million/year). Other store types were subsequently classified
into gas/convenience/drugstores, general merchandise stores, and liquor stores. These
classifications were based on store names, including descriptors of chains and other key words.
(Complete categorization criteria for store type is available from the authors.)

In-Store Survey
All outlets enumerated in the study tracts were included in the in-store survey. In each outlet,
observers recorded the type of store and its total floor space. The length of shelf-space allotted
to groups of foods was measured using a tape measure. Separate measures were taken for fresh
fruits and vegetables versus canned and frozen versions of these foods. The length of shelf-
space allotted to four categories of snack foods was also assessed. These included: candies,
such as chocolates, hard candy, and gum; salty snacks, such as potato chips, salted nuts, and
pretzels; cookies and pastries, including doughnuts, fruit pies, and crackers; and carbonated
beverages, including diet sodas. The two observers were trained together in actual stores in a
nonsampled tract. Inter-rater reliability measures were >0.95 for shelf-length measures for
fruits and vegetables.14

Telephone Survey
The telephone survey was conducted in parallel with the mapping and in-store surveys and
employed a two-stage sampling process. Study tracts were selected in the first stage (see the
Study Sample section). In the second stage, a systematic random selection was made from
households with landlines listed in public directories. The original target was to sample ten
from each tract, with up to 12 call attempts on five different occasions for each household
number. The overall cooperation rate (completes/known eligibles) was 0.80 and the overall
response rate (completes/total imputed eligibles) was 0.38.15 A “complete” refers to a
completed phone interview. Private residences with working phones and an individual aged
18–65 years were eligible for the study. Within sampled households, interviewers randomly
selected an interviewee within this age range. Interviews were conducted by professional
interviewers at Clearwater Research Inc. using a computer-assisted telephone interview
system. The questionnaire collected information on the household’s address; basic
demographics on the respondent, including car ownership; and height and weight of the
respondent. The final sample (N=1243) contains all individuals with nonmissing key variables,
described below.
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Key Variables
Respondents reported their weight in pounds and their height in feet and inches, which were
converted into BMI. Household-specific addresses and street-network distances to all stores
in the sample were used to characterize the neighborhood food environment within 100, 500,
1000, 2000, and 5000 meters of each household. The shelf-space of a specific food group in
all of the stores within a given distance from a household was summed to get a cumulative
availability measure—the total amount of shelf-space of fruits, for example, within 500 meters
of a household. Cumulative availability measures were based on specific food groups (e.g.,
fruits, vegetables, salty snacks, candies, cookies, carbonated beverages) and on aggregated
food groups (e.g., fruits and vegetables, snack foods). Although the in-store surveys measured
shelf-space in outlets in the sampled tracts, residents might shop outside their tract. To account
for this possibility, a probability-based technique, known as hot-decking, was used to randomly
assign shelf-space from the observed stores to similar types of stores in these neighboring tracts.

Statistical Analyses
All analyses were performed in 2008 using Stata, version 10. Multivariable regression analysis
was based on the ordinary least-squares procedure, and it controlled for demographics
including gender, age, race/ethnicity, education, household income, and car ownership.
Correction for clustering used the cluster procedure in Stata; clusters were defined by census
tracts.

Results
Two thirds of respondents were women and >60% were aged ≤ 50 years (Table 1). About half
of respondents were white, 42% were African-American, and 5% were Latino. The rate of car
ownership in the sample was 88%. Table 1 also presents overall means of BMI. African
Americans have a higher mean BMI than whites. Respondents who were aged >50 years had
higher BMIs than respondents aged ≤ 30 years.

The most frequently observed stores in the in-store survey were the gas/convenience/drugstores
(n=133), followed by small food stores (n=119). Supermarkets (n=38) contained an average
of 114 meters of fruits and vegetables and 247 meters of energy-dense snack foods with an
average of 4052 square meters of total floor space (not shown). The same averages for
convenience stores were 0.66 meters, 40 meters, and 193 square meters, respectively. One
quarter of households in the sample had a supermarket within 1 kilometer of their residence,
whereas 76% had a gas/convenience/drugstore within that distance (not shown). Only about
5% of households had any store within 100 meters of their residence, whereas almost all
households had some type of store within 2 kilometers.

Table 2 presents the amount of shelf-space of various food items within specified distances of
each household. On average, households had 18 meters of fruit shelf-space, and 34 meters of
vegetable shelf-space within 1 kilometer of their residences. The amounts of various snack
food items at this distance far outweigh those of these healthy food items. For example, an
average of 72 meters of candy was found within 1 kilometer of residences, which is about twice
the amount of vegetables and four times the amount of fruits.

Neighborhood availability of fruits and vegetables was not significantly related to BMI in
regression models (Table 3). A positive and significant, yet modest, association was found
between the neighborhood availability of energy-dense snack foods and BMI. An additional
100 meters of shelf-space of these foods within 1 kilometer of an individual’s residence was
positively associated with 0.1 units of BMI. African Americans, older individuals, and men
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also had higher BMIs. Controlling for other variables, the mean BMI for African Americans
was about 2.3 units higher than that for the reference group.

Because of uncertainty regarding the relevant size of the neighborhood food environment,
models were run with the availability of different foods at 500 meters, 1 kilometer, and 2
kilometers from each household. At 1 kilometer, not only was the aggregate availability of
energy-dense snack foods positively associated with BMI, but so too was the availability of
specific groups of snack foods—salty snacks, candies, and sodas (Table 4). Availability of
fruits and/or vegetables was not significantly related to BMI at 500 meters, 1 kilometer, or at
2 kilometers, nor was availability of most of the snack food groups at 500 meters or at 2
kilometers. Exceptions were the availability of carbonated beverages at 500 meters and of
candies at 2 kilometers.

Discussion
The neighborhood availability of energy-dense snack foods within 1 kilometer of an
individual’s residence was positively associated with BMI, after controlling for individual- and
household-level characteristics. An additional 100 meters of shelf-space for snack foods was
associated with an increase in 0.1 BMI units. At this rate, an increase equivalent to 1 SD in the
neighborhood shelf-space of energy-dense snack foods would translate to about two extra
pounds for a person who is 5′5″. Positive associations were also found when availability was
disaggregated into specific types of snack foods, that is, when salty snacks, candies, and
carbonated beverages were analyzed separately. There were no significant associations of BMI
with the availability of fruits and vegetables.

Other public health research has reported associations between the food environment and
weight status among area residents, with inverse associations between supermarket availability
and BMI or obesity,6–8 and positive associations between convenience store availability and
overweight status.7,8 The premise of this store-based literature is that the presence of a
supermarket increases access to healthy food, allowing residents to achieve a better weight
status from improved dietary consumption. The corollary is that convenience stores provide
an excess of unhealthy foods, making it more difficult for residents to control their weight
status. This research tests the availability dimension directly by assessing the total amount of
shelf-space of fruits and vegetables and energy-dense snack foods. Although there is no other
literature with which to compare the associations between food availability and BMI, the results
are consistent with the premise and findings from previous store-based research.

This approach allows for an assessment of the cumulative contributions to food availability
from various store types. Small and medium grocers often have positive amounts of fruits and
vegetables, and their easy accessibility might allow for fill-in shopping in urban areas with a
distant supermarket.16 Moreover, the marketing literature has long shown that shelf-space is
the relevant concept for driving consumer purchase decisions. Although area residents might
not shop in all stores within a given radius of their house, greater shelf-space availability in
this area implies more options about when and where to shop for specific foods, such as on the
way home from work or on the way to visiting a neighbor’s house.

Why then do the current results not show an inverse association between availability of fruits
and vegetables and BMI? Unlike snack foods, the purchase of fruits and particularly vegetables
is more likely to be planned than impulsive, because they typically require cooking or
preparation. It has been argued17 that salience, or seeing a food, can stimulate unplanned
consumption. Energy-dense snack foods were much more available at 1 kilometer than fruits
and vegetables, and snack foods are more frequently placed at cash registers. These cues could
have led to more impulse purchases and greater consumption of energy-dense foods.
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Second, consistent with this argument, the results do show negative, although not significant,
coefficients on the fruit and vegetable availability measures at 2 kilometers (Table 4). Perhaps
residents did mostly planned purchases of fruits and vegetables at supermarkets, so the wider
radius was more relevant for this food group. About three times as many respondents had a
supermarket within 2 kilometers of their house than within 1 kilometer. Finally, price may be
more important for planned purchases than impulsive buys. Supermarkets not only have a
greater availability of fruits and vegetables, but their prices for these foods are often lower than
those in small groceries.18 The lack of information on price data from these stores is certainly
one limitation to this study.

Another limitation is that the study is cross-sectional. Thus, associations seen between access
and BMI cannot be attributed to causality. Individuals were not randomly assigned to housing
locations. Rather than the environment affecting food choices, individuals with given food
preferences could have chosen to move to specific food environments. Although this argument
could certainly be raised as a limitation to this study, mobility in Louisiana, prior to Hurricane
Katrina (when this study was conducted), was relatively low. Census data from 2000 show that
79% of people living in Louisiana were born there, the highest rate in the country.19

Outcome measures were also based on self-report. Women are known to understate their
weight, and men to overstate their height.20,21 Both errors result in a lower BMI than the true
value, and mean BMIs in this dataset are lower than national averages. However, there is no
reason to believe that these biases would be systematically associated with geographic
variables, such as distance to specific store types.

The results presented here come from a phone survey based on a sample of listed landlines.
Compared to residents in the overall population from which this sample was drawn, the sample
consists of those who are slightly older, with more women, fewer African Americans, and a
higher average household income. However, regression models have controlled for these
variables, so a sampling bias is not likely to affect the overall conclusions. Of more potential
concern are unobserved differences caused by the unavoidable exclusion of households without
landlines. Although recent research22 suggests that binge drinking and smoking behaviors are
more prevalent among “cell phone only” adults, it is unknown if these individuals react
differently to food environments than others, and if they do, whether such differences would
strengthen or weaken conclusions presented here.

A number of studies have shown associations between access to specific retail outlets and BMI/
obesity. This study indicates an association of BMI and obesity, albeit modest, with specific
types of foods. This type of finding, if supported by additional research, might be more easily
amenable to policy action. It is not a simple matter to increase the number of supermarkets in
underserved areas. Supermarkets operate at very narrow margins, so profitability limits entry
into some areas. There may, however, be potential to change the shelf-space configurations of
successful small stores currently operating in low-income neighborhoods. Various initiatives
have been suggested23,24 to achieve such change, from taxation of snack foods to incentives
to increase healthy food offerings. If successful, these policy changes could improve the
neighborhood food environment and offer better conditions for those seeking to address energy
imbalance.
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Table 1

Demographic characteristics and mean BMI of sampled respondents

n (%) BMI (M [SD])

Variable

Gender

 Female 822 (66.1) 27.2 (6.7)

 Male 421 (33.9) 27.8 (5.2)

Age (years)

 18–30 246 (19.8) 26.1 (6.0)

 31–49 532 (42.8) 27.4 (6.3)**

 ≥50 465 (37.4) 28.2 (6.2)**

Race

 White 626 (50.4) 26.4 (6.0)

 African-American 522 (42.0) 28.8 (6.3)**

 Latino 57 (4.6) 27.7 (6.1)

 Other 38 (3.1) 25.1 (4.6)

Education

 <High school 112 (9.0) 28.3 (6.4)

 High school 355 (28.6) 28.1 (6.2)

 Some college 310 (24.9) 27.4 (6.0)

 College 466 (37.5) 26.7 (6.4)*

Household income($)

 <10,000 192 (15.5) 28.4 (6.9)

 10,000–25,000 306 (24.6) 28.1 (6.3)

 25,000–50,000 304 (24.5) 27.2 (5.8)*

 >50,000 441 (35.5) 26.7 (6.1)**

Owns a car

 Yes 1088 (87.5) 29.2 (7.2)

 No 155 (12.5) 27.2 (6.0)**

Total 1243 (100.0) 27.4 (6.2)

*
p<0.05

**
p<0.01
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Table 3

Regressions of BMI on neighborhood shelf-space

Coefficient (SE)

Variable Model 1 Model 2

Shelf-space within 1 km of home

 Fruits and vegetables 0.000 (0.002)

 Energy-dense snacks 0.001 (0.001)*

Age (years; ref: ≤30)

 31–50 1.569 (0.460)** 1.591 (0.462)**

 ≥50 2.491 (0.395)** 2.502 (0.397)**

Gender (female) −0.809 (0.344)* −0.783 (0.342)*

Race (ref: white + other)

 African-American 2.259 (0.431)** 2.298 (0.428)**

 Latino 1.279 (0.863) 1.276 (0.867)

Education (ref: high school or less)

 Some college −0.111 (0.449) −0.059 (0.452)

 College graduate −0.255 (0.478) −0.194 (0.484)

Income ($K; ref: $0K–$25K)

 25–50 −0.145 (0.466) −0.093 (0.466)

 >50 −0.293 (0.498) −0.202 (0.494)

Household owns car −0.846 (0.674) −0.735 (0.669)

Intercept 26.347 (0.809)** 25.789 (0.836)**

*
p<0.05

**
p<0.01
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Table 4

Associations of neighborhood shelf-space of foods with BMI, by size of neighborhood around householda

Shelf-space of each food

Coefficient (SE)

500 m 1 km 2 km

Fruits 0.010 (0.010) 0.001 (0.005) −0.001 (0.002)

Vegetables 0.004 (0.006) 0.001 (0.003) −0.000 (0.001)

Fruits and vegetables 0.003 (0.004) 0.000 (0.002) −0.000 (0.001)

Candy 0.008 (0.005) 0.005 (0.002)* 0.002 (0.001)*

Salty snacks 0.009 (0.006) 0.005 (0.002)* 0.001 (0.001)

Cookies 0.005 (0.005) 0.003 (0.002) 0.000 (0.001)

Soda 0.012 (0.006)** 0.004 (0.002)* 0.001 (0.001)

All snack foods 0.002 (0.001) 0.001 (0.001)* 0.000 (0.000)

a
Each food shelf-space–neighborhood size coefficient is based on a separate, ordinary least-squares model, as displayed in Table 3, in which BMI is

the dependent variable, and independent control variables include age, gender, race/ethnicity, education, income, and car ownership.

*
p<0.05

**
p<0.01
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