
S
T
K

B

M

R

C

I

T
U
b
F
i
n
a
t

e
o
I

F
M
D
A
o

l
n
N

A
©

upermarkets, Other Food Stores, and Obesity
he Atherosclerosis Risk in Communities Study

imberly Morland, PhD, Ana V. Diez Roux, MD, PhD, Steve Wing, PhD

ackground: Obesity is a leading public health concern, and although environmental factors have been
hypothesized to play a role in the prevention of obesity, little empirical data exist to
document their effects. The purpose of this study was to examine whether characteristics
of the local food environment are associated with the prevalence of cardiovascular disease
risk factors.

ethods: A cross-sectional study of men and women participating in the third visit (1993–1995) of
the Atherosclerosis Risk in Communities (ARIC) Study was conducted in 2004. The
analyses included 10,763 ARIC participants residing in one of the 207 eligible census tracts
located in the four ARIC-defined geographic areas. Names and addresses of food stores
located in Mississippi, North Carolina, Maryland, and Minnesota were obtained from
departments of agriculture. Multilevel modeling was used to calculate prevalence ratios of
the associations between the presence of specific types of food stores and cardiovascular
disease risk factors.

esults: The presence of supermarkets was associated with a lower prevalence of obesity and
overweight (obesity prevalence ratio [PR]�0.83, 95% confidence interval [CI]�0.75–0.92;
overweight PR�0.94, 95% CI�0.90–0.98), and the presence of convenience stores was
associated with a higher prevalence of obesity and overweight (obesity PR�1.16, 95%
CI�1.05–1.27; overweight PR�1.06, 95% CI�1.02–1.10). Associations for diabetes, high
serum cholesterol, and hypertension were not consistently observed.

onclusions: Results from this study suggest that characteristics of local food environments may play a
role in the prevention of overweight and obesity.
(Am J Prev Med 2006;30(4):333–339) © 2006 American Journal of Preventive Medicine
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he U.S. Public Health Service has identified
obesity as a leading health concern.1 The prev-
alence of obesity has been increasing in the

nited States, and disparities in both conditions exist
y gender, race/ethnicity, and socioeconomic status.2–3

or example, the prevalence of overweight and obesity
s greater among nonwhite women compared to white,
on-Hispanic women. In addition, a 50% higher prev-
lence of obesity has been reported in poor compared
o nonpoor women.1,4

The increasing rates of obesity have both health and
conomic consequences, because individuals who are
bese are at greater risk of developing comorbidities.5

n particular, diabetes has been steadily increasing;
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lack Americans, Hispanic Americans, and those with
ower education and income are more likely to develop
he disease.6–8 The economic consequences of obesity
as been estimated at 280,000 to 300,000 deaths per
ear,9 and the U.S. cost for treatment and lost wages is
stimated to be over $110 billion.10

The high prevalence of obesity results from the
nteraction of environmental, behavioral, and genetic
actors. Although genetic factors are important for
etermining individual susceptibility to becoming over-
eight, broadly defined environmental factors such as
hanges in agriculture, food processing and marketing,
ransportation, physical demands of work, and the
ontextual effect of residential areas create the context
or the population distribution of adiposity. These
nvironmental factors affect obesity through their ef-
ects on physical activity and diet.

At the same time that the prevalence of overweight
nd obesity has been increasing in the United States,
evels of physical activity have been decreasing, such
hat the Task Force on Community Preventive Services
as made the recommendation for physical activity to
ombat these increasing rates.11,12 Environmental char-

cteristics that have recently received attention as de-
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erminants of physical activity include aspects of urban
prawl,13 accessibility of recreational resources,14,15 and
eighborhood safety.16,17

Although the consumption of total fat and saturated
at has decreased over the past 30 years, the intake of
alories and carbohydrates has increased.18 The con-
umption of specific food items such as soft drinks and
ugars has also risen.19–23 These trends toward energy-
ense diets are thought to be a result of a variety of
actors including increasing portion sizes24–25 and
hanges in food production, marketing, and pric-
ng.26–29 Energy-rich foods (i.e., sugars, breads, pastas)
re less expensive, which may make these foods espe-
ially attractive to people with limited incomes. The
ncreasing availability of pre-packaged foods has also
een suggested as a factor contributing to the intake of
nergy-rich foods.30–31

In addition, food availability at the neighborhood
evel has recently received attention as a possible envi-
onmental determinant of diet.32,33 Some investigators
ave documented disparities in the costs of foods34–36

mong areas, while others have shown differences in
he availability of certain types of food stores.34–41

ther researchers have focused on the types of foods
vailable within food stores; for instance, Sallis et al.42

ound that U.S. supermarkets offer a large variety of
ealthy foods. Other investigators support these find-

ngs in which associations between healthy diets and
upermarket availability have been documented.43,44

ore recent studies have begun to show an association
etween the availability of places to obtain foods and
besity.45,46 Little data exist on the contents of other
ypes of food stores, such as convenience stores, that are
ssumed to carry a larger proportion of energy-dense
oods. Since the food choices that people make are
imited to what is available to them, and convenience is
n important predictor for food habits,47,48 it is hypoth-
sized that individuals living in areas with few food
hoices other than convenience stores may be more
ikely to adopt an energy-dense diet. Conversely, food
nvironments offering a greater variety of healthy food
ptions at affordable prices may lead to healthier food
hoices.

The objective of this study was to determine if there
s an association between the availability of supermar-
ets, grocery stores, and convenience stores and cardio-
ascular disease (CVD) risk factors. Because of previous
ositive associations between diet and the availability of
upermarkets,34 we hypothesized that the presence of
upermarkets would be associated with a lower preva-
ence of overweight and obesity among the Atheroscle-
osis Risk in Communities (ARIC) study participants.
ecause diet and obesity are also associated with other
VD outcomes, we further hypothesized that the pres-
nce of supermarkets would also be associated with a
ower prevalence of diabetes, hypercholesterolemia,

nd hypertension. a

34 American Journal of Preventive Medicine, Volume 30, Num
ethods
tudy Sample

ndividual-level data were obtained from the third visit (1993–
995) of the ARIC study. A population-based sample of
esidents was randomly sampled from Jackson City MS, For-
yth County NC, Washington County MD, and selected sub-
rbs of Minneapolis MN.49,50 The retention rate for the end
f the third visit was 82% overall, and better for white (85%)
han black Americans (70%). Of 12,887 individuals, 91% of
esidential addresses were geocoded to 1990 U.S. census
racts. Participants were excluded if they moved out of the
RIC-defined area or had missing values for any covariate
n �814). In addition, racial/ethnic groups other than black
nd white Americans were excluded due to the limited
umber of other racial/ethnic groups (n �1310). Hence, the

able 1. Description of participants, cardiovascular disease
isk factors and local food environments: the
therosclerosis Risk in Communities Study (n�10,763)

haracteristic n %

lack American 2496 23.2
emale 6014 55.9
ge (years)
49–54 2316 21.5
55–59 2893 26.9
60–64 2665 24.8
65–69 2428 22.6
70–73 461 4.3

ncome
�$5,000 407 3.8
$5,000–$7,999 393 3.7
$8,000–$11,999 609 5.7
$12,000–$15,999 738 6.9
$16,000–$24,999 1642 15.3
$25,000–$34,999 2027 18.8
$35,000–$39,999 2211 20.5
�$40,000 2736 25.4

ducation
Less than high school graduate 2248 20.9
High school graduate 3431 31.9
Some college 1122 10.4
Advanced degree 3962 36.8

hysical activity, mean (standard
deviation)

Leisure index 2.34 (0.57)
Sport index 2.50 (0.82)
Work index 1.85 (1.00)

ardiovascular disease risk
factors

Overweight 7812 72.6
Obesity 3553 33.0
Diabetes 1680 15.6
High cholesterol 6461 60.0
Hypertension 4466 41.5

ood stores/service places
Supermarket 2777 25.8
Grocery store 5324 49.5
Convenience store 8300 77.1
Full service restaurant 8570 79.6
Franchised fast food restaurant 6050 56.2
Limited service restaurant 4961 46.1
nalysis conducted in 2004 included 10,763 individuals. The

ber 4 www.ajpm-online.net
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niversity of North Carolina School of Public Health Institu-
ional Review Board approved this study.

easurement of the Local Food Environment

ensus tracts, national geographic boundaries containing
pproximately 3000 to 4000 individuals, were used as proxies
or neighborhoods. The ARIC participants were drawn from
total of 207 tracts distributed across the four sites. Business

ddresses of food stores and food service places were col-
ected in 1999 from the local departments of environmental
ealth and state departments of agriculture and were geo-
oded to census tracts. The 1997 North America Industry
lassification System (NIACS) codes have been modified to
efine the types of food stores.51 Supermarkets were defined
s large corporate owned “chain” food stores, distinguished
rocery stores, or smaller non–corporate-owned food stores.
onvenience stores included all food stores that carry a

imited selection of foods, mostly snack foods, whether or not
ttached to a gas station. In addition to these food stores,
ther types of places where residents buy food were classified
s full-service restaurants, franchised fast food, and limited-
ervice restaurants. A more extensive description of this
lassification of food stores and food service places has been
escribed previously.41 Types of places to obtain food, other

han those mentioned above, were not included in these
nalyses because of their small proportion of annual sales of
oods and beverages in the United States.52

efinitions of Outcomes

wo categories of body weight (overweight and obesity),
iabetes, hypertension, and hypercholesterolemia were used
ecause of their importance as CVD risk factors and their
elationship with diet. Overweight and obesity were defined
ased on BMI (weight in kilograms/height in meters
quared), where individuals with a BMI of �25 to 30 were
ategorized as overweight and �30 as obese. Individuals were
ategorized as diabetic if they reported taking medications for
iabetes, had glucose levels of �200 mg/dL, and/or 8-hour

asting glucose levels above 126 mg/dL. Individuals were
onsidered hypertensive if they reported taking medication
or high blood pressure within the last 2 weeks, or if the
verage of two successive blood pressure measurements re-
ulted in a systolic measurement of �140 mmHg or a diastolic
easurement of �90 mmHg. Respondents with serum total

holesterol levels of �200 mg/dL, or who reported taking
holesterol-lowering medications in the past 2 weeks, were
lassified as having high cholesterol.

tatistical Methods

inomial regression was performed, using random effects
eneralized linear models with a random intercept for each
ensus tract, to estimate prevalence ratios (PRs) of CVD risk
actors associated with the presence of different types of food
tores.53 Each health outcome was modeled separately. Initial
nalyses were modeled with each type of food store and food
ervice place fit using dichotomous variables representing any
ersus none of that type of facility within the census tract.
ndicator variables were also constructed to represent the
resence of specific combinations of types of food stores. Risk

actor values for residents of census tracts that contained only p

pril 2006
upermarkets were compared to levels of residents in areas
ith (1) supermarkets and grocery stores; (2) supermarkets
nd convenience stores; (3) supermarkets, grocery stores, and
onvenience stores; (4) grocery stores; (5) convenience
tores; (6) grocery stores and conveniences stores; and (7) no
ood stores. Models were adjusted for education, income, age,
ender, race/ethnicity, and physical activity. Population den-
ity and smoking status did not change the effect estimate,
nd therefore were not included in the fully adjusted models.
Dichotomous variables were created for race/ethnicity and

ender. Models were also adjusted for physical activity. Phys-
cal activity was assessed based on the Baecke questionnaire,
nd three indices were created based on weighted responses
rom questions about physical activity from (1) work, (2)
eisure time, and (3) sports. These indices ranged from low
1) to high (5). A further description of how these indices
ere derived is reported elsewhere.54 All analyses were con-
ucted using SAS, version 8.2 (SAS Institute Inc., Cary NC,
001).55

esults

ost participants were white (77%) and reported
ousehold incomes of �$25,000 (65%). Roughly half
ere aged �60 years (52%), female (56%), and edu-
ated beyond high school (47%). Nearly 75% were
verweight, 33% were obese, and 16% had diabetes.
ixty percent of the participants had high cholesterol,
nd 42% had hypertension. In addition, most partici-
ants lived in areas with full-service restaurants (80%)
nd convenience stores (77%). Roughly half of the
articipants lived in areas with at least one grocery store
50%), franchised fast food restaurant (56%), or lim-
ted service restaurant (46%). However, only one quar-
er of the participants lived in areas with at least one
upermarket (26%) (Table 1).

Table 2 describes the association between the
resence of supermarkets, grocery stores, and conve-
ience stores and CVD risk factors. The unadjusted
ssociations are presented in Model 1. Model 2
ncludes adjustments for other types of food stores
nd food service places, whereas Model 3 also adjusts
or individual-level risk factors.

The presence of supermarkets was associated with a
ower prevalence of overweight, obesity, and hyperten-
ion. For instance, compared to people who lived in
reas without any supermarkets, a 9% lower prevalence
f overweight (PR�0.91, 95% confidence interval
CI]�0.87–0.95), a 24% lower prevalence of obesity
PR�0.76, 95% CI�0.67–0.85), and a 12% lower prev-
lence of hypertension (PR�0.88, 95% CI�0.79–0.97)
as observed in areas with at least one supermarket.
djustment for other food stores or food service places
roduced similar estimates (Model 2). Adjustment for
ociodemographic characteristics and behaviors
Model 3) reduced associations between the presence
f one or more neighborhood supermarkets and the

revalence of overweight (PR�0.94, 95% CI�0.90–

Am J Prev Med 2006;30(4) 335
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.98), obesity (PR�0.83, 95% CI�0.75–0.92), hyper-
ension (PR�0.92, 95% CI�0.85–1.01). In Model 3 the
resence of supermarkets showed little association with
he prevalence of diabetes or high cholesterol
Table 2).

The presence of grocery stores was positively associ-
ted with the prevalence of overweight, obesity, diabe-
es, and hypertension in unadjusted models. Compared
o areas with no grocery stores, the prevalence of
verweight individuals was 7% greater in areas with at

east one grocery store (PR�1.07, 95% CI�1.03–1.12).
besity was 24% more prevalent (PR�1.24, 95%
I�1.12–1.38), diabetes was 34% more prevalent
PR�1.34, 95% CI�1.16–1.55), and hypertension was
0% more prevalent (PR�1.20, 95% CI�1.09–1.31) in
reas with grocery stores. However, these associations
ere attenuated in the fully adjusted models (Table 2).
The presence of convenience stores was also associ-

ted with an increased prevalence of overweight
PR�1.07, 95% CI�1.02–1.12), obesity (PR�1.19, 95%
I�1.05–1.34), and hypertension (PR�1.12, 95%
I�1.01–1.25). Estimates for overweight and obesity
hanged very little in the fully adjusted models. Other
VD risk factors were not strongly or consistently
ssociated with the prevalence of convenience stores
Table 2).

Table 3 describes the associations between the prev-
lence of overweight and obesity and the presence of
pecific combinations of food stores. The ratios com-

able 2. Prevalence ratios of obesity, overweight, diabetes, h
f different types of food stores in census tract of residence

Model 1a

PR 95% CI

upermarkets
Overweight 0.91 (0.87–0.95)
Obesity 0.76 (0.67–0.85)
Diabetes 0.89 (0.75–1.05)
High cholesterol 0.99 (0.95–1.03)
Hypertension 0.88 (0.79–0.97)
rocery stores
Overweight 1.07 (1.03–1.12)
Obesity 1.24 (1.12–1.38)
Diabetes 1.34 (1.16–1.55)
High cholesterol 0.99 (0.96–1.03)
Hypertension 1.20 (1.09–1.31)

onvenience stores
Overweight 1.07 (1.02–1.12)
Obesity 1.19 (1.05–1.34)
Diabetes 1.06 (0.90–1.25)
High cholesterol 0.99 (0.95–1.03)
Hypertension 1.12 (1.01–1.25)

Model 1 is unadjusted.
Model 2 includes all types of food stores and food service places:
ranchised fast food, and other limited service restaurants.
Model 3 includes all types of food stores and service places, gender, r
ports index, and work index).
I, confidence interval; PR, prevalence ratio.
are the prevalence of risk factors among people in e

36 American Journal of Preventive Medicine, Volume 30, Num
reas with different types of local food environments to
he prevalence among people who live in areas that
ontain only supermarkets. The prevalence ratios in
able 3 are adjusted for other types of food stores, food

ervice places, and for individual sociodemographic
nd behavioral factors. For example, people living in
reas where supermarkets and convenience stores are
he only types of food stores available have a 35%
igher prevalence of obesity compared to people who

ive in areas where supermarkets are the only type of
ood store available (PR�1.35, 95% CI�1.05–1.73). In
act, with the exception of areas where only supermar-
ets and grocery stores are available, people living in
reas with any combinations of food stores have a
igher prevalence of both obesity and overweight,
ompared to people living in areas with supermarkets
nly. The greatest increase in obesity is observed in
reas with grocery and/or convenience stores but no
upermarkets.

iscussion and Conclusion

hile the availability of supermarkets is associated with
decreased prevalence of obesity and overweight, the

vailability of grocery stores and convenience stores is
ssociated with an increased prevalence of overweight
nd obesity among residents. Controlling for other
ypes of food stores and food service places, including
upermarkets, does not change the estimate, although

olesterol, and hypertension associated with the presence

Model 2b Model 3c

R 95% CI PR 95% CI

.91 (0.86–0.95) 0.94 (0.90–0.98)

.74 (0.66–0.84) 0.83 (0.75–0.92)

.84 (0.71–1.00) 0.96 (0.84–1.10)

.99 (0.94–1.03) 0.98 (0.94–1.03)

.84 (0.74–0.93) 0.92 (0.85–1.01)

.06 (1.02–1.10) 1.03 (1.00–1.07)

.21 (1.09–1.33) 1.07 (0.99–1.16)

.33 (1.15–1.54) 1.11 (0.99–1.24)

.99 (0.95–1.03) 0.99 (0.95–1.03)

.17 (1.06–1.28) 1.08 (1.00–1.17)

.06 (1.01–1.11) 1.06 (1.02–1.10)

.14 (1.02–1.29) 1.16 (1.05–1.27)

.96 (0.81–1.14) 0.98 (0.86–1.12)

.99 (0.95–1.04) 1.00 (0.96–1.04)

.07 (0.96–1.19) 1.08 (0.99–1.18)

arkets, grocery stores, convenience stores, full service restaurants,

thnicity, age, income, education, and physical activity (leisure index,
igh ch

P

0
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0
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1
0
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stimates are attenuated after controlling for
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ndividual-level factors. Furthermore, analyses con-
ucted to investigate the effects on specific types of
estricted local food environments reveal that, after
djustment, the prevalence of obesity and overweight
as lowest in areas that had only supermarkets and in
reas that had a combination of supermarkets and
rocery stores. Prevalence was highest in areas with
rocery stores and convenience stores only.
Prevalence ratios for high cholesterol vary between

.98 and 1.00 in all models for each type of food store,
uggesting that this measure of serum lipids is not
nfluenced by variations in local food environments in
his sample. In contrast, PRs for diabetes and hyperten-
ion were in the same direction and, in some cases,
arger in magnitude than those for overweight and
besity. However, confidence intervals for diabetes, in
articular, were wider than intervals for the more
revalent risk factors. The relative ability to quantify the

mpact of the local food environments on risk factors is
ffected by the relative degree of measurement error in
hese endpoints as well as the sample size (e.g., over-
eight vs diabetes).
Although estimates of the impact of the local food

nvironment on overweight and obesity are attenuated
y adjustment for individual-level risk factors, these
actors explain only a portion of the observed associa-
ions. The persistence of associations after adjustment
or individual-level factors is compatible with a causal
ffect of the local food environment on diet and
besity. However, residual confounding by mismea-
ured individual-level variables (such as socioeconomic
osition or physical activity) or confounding by omitted

able 3. Adjusted prevalence ratios and 95% confidence int
verweight and eight different combinations of food stores a

escription of all
ood stores available na

pb

% CTc
CTd

%
Ob
%

upermarkets 432 4.0 10 4.9 20.8
upermarkets and
grocery stores

208 1.9 4 2.0 21.2

upermarkets and
convenience stores

1020 9.5 20 9.8 29.0

upermarkets, grocery
stores, and
convenience stores

1117 10.4 24 11.8 27.1

rocery stores 471 4.4 13 6.4 35.7
onvenience stores 2635 24.5 48 23.5 32.3
rocery stores and
convenience stores

3528 32.8 52 25.5 40.3

one 1352 12.6 36 17.6 28.1

ote: Adjusted for all types of food stores and service places, gender
ndex, and work index).
Number of participants.
Proportion of all participants.
Number of census tracts.
Proportion of census tracts.
Proportion obese.
Proportion overweight.
I, confidence interval; PR, prevalence ratio.
ariables (such as cultural preferences, shopping hab- m

pril 2006
ts, and individual biological determinants of energy
alance) remains a possibility. However, the association
f the local food environment with obesity is consistent
ith earlier work showing that it is associated with
eported dietary intake; however, differences between
acial/ethnic groups were not observed in these analy-
es. More importantly, cultural factors may not act as
ndependent confounders, but may be influenced by
he local food environment and associated marketing
nd advertising that differ between areas with super-
arkets, grocery stores, and convenience stores.
Although these findings suggest that the local food

nvironment deserves greater attention as a potentially
mportant causal or contributing factor in the develop-

ent of obesity, several important caveats are in order.
irst, the cross-sectional design of this study does not
llow the establishment of a temporal relationship
etween the local food environment and obesity. Sec-
nd, individuals were not asked where they shop for
ood, so misclassification may have occurred if the
ensus tract does not represent the area relevant to the
ood shopping habits of a particular individual. For
nstance, reliance on the local environment for food

ay differ by other factors such as transportation use.
his may be more of an issue for African Americans, as

he proportion of households without a private vehicle
n predominately black census tracts is 30% versus 7%
n white neighborhoods. Third, we have assumed that
he local food environment has remained stable be-
ween 1993 and 1999. Fourth, the possibility that obese
ndividuals select neighborhoods with certain types of
tores cannot be eliminated, nor can the possibility that

of associations between prevalence of obesity and
le within neighborhoods

PR 95% CI
Overweightf

% PR 95% CI

1.00 Referent 62.3 1.00 Referent
1.04 (0.71–1.53) 59.6 0.95 (0.81–1.12)

1.35 (1.05–1.73) 69.6 1.11 (1.00–1.23)

1.28 (1.00–1.64) 67.4 1.09 (0.98–1.21)

1.48 (1.12–1.94) 74.5 1.14 (1.01–1.27)
1.45 (1.16–1.82) 72.5 1.12 (1.02–1.23)
1.60 (1.28–2.00) 78.3 1.18 (1.08–1.30)

1.28 (1.00–1.63) 68.9 1.08 (0.97–1.19)

age, income, education, and physical activity (leisure index, sports
ervals
vailab

esee

, race,
arket research locates supermarkets in areas where

Am J Prev Med 2006;30(4) 337
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ndividuals maintain a healthy body weight. Fifth, the
ocal food environments that individuals have been
xposed to over their life course may be a more
elevant predictor of obesity levels in adulthood than
he contemporaneously measured environment. Sixth,
ther neighborhood-level variables associated with the
resence of different types of stores could also account
or the findings. For example, neighborhoods with
upermarkets may be safer and have more recreational
esources. We attempted to account for neighborhood
actors associated with physical activity by controlling
or individual-level measures of physical activity, but
ther pathways linking neighborhoods to obesity could
lso play a role. Finally, the types of available food
tores were used as crude estimates for availability and
ost of healthy foods because there is some evidence
hat, at least in the U.S. context, supermarkets often
ffer a greater variety of healthy and affordable
oods.42,56 However, a healthy food environment might
e achieved in other ways such as multiple smaller
ealthy food stores, which could possibly create certain
dvantages such as increased walking (improving
ealth outcomes through other mechanisms).
Ultimately, the public health significance of the

ocal food environment on overweight and obesity is
ot a function of any independent effect of the
nvironment on individuals; rather, it is a function of
ts causal role in facilitating or constraining individ-
al choices and opportunities. Admittedly, investigat-

ng the effects of the local food environment on
ealth is a complex task. Better approaches to the
easurement of the food environment, as well as

ongitudinal and experimental studies will allow
ausal inferences to be drawn with confidence. De-
pite its limitations, however, and taken together with
revious work, this study suggests that the local food
nvironment may play an important role in the
revention of overweight and obesity.
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