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Existing evidence linking residential proximity to food establishments with body mass index (BMI; weight (kg)/
height (m)2) has been inconclusive. In this study, the authors assessed the relation between BMI and proximity to
food establishments over a 30-year period among 3,113 subjects in the Framingham Heart Study Offspring Cohort
living in 4 Massachusetts towns during 1971–2001. The authors used novel data that included repeated measures
of BMI and accounted for residential mobility and the appearance and disappearance of food establishments. They
calculated proximity to food establishments as the driving distance between each subject’s residence and nearby
food establishments, divided into 6 categories. The authors used cross-classified linear mixed models to account
for time-varying attributes of individuals and residential neighborhoods. Each 1-km increase in distance to the
closest fast-food restaurant was associated with a 0.11-unit decrease in BMI (95% credible interval:!0.20,!0.04).
In sex-stratified analyses, this association was present only for women. Other aspects of the food environment
were either inconsistently associated or not at all associated with BMI. Contrary to much prior research, the authors
did not find a consistent relation between access to fast-food restaurants and individual BMI, necessitating
a reevaluation of policy discussions on the anticipated impact of the food environment on weight gain.

body mass index; fast foods; longitudinal studies; multilevel analysis; obesity; weight gain

Abbreviations: BMI, body mass index; SD, standard deviation.

The rapid increase in weight in the United States over the
last 30 years has been posited to be driven by changes in
environmental conditions, above other factors (1–3). A key
environmental factor that has received considerable attention
is the role of the food environment, specifically the role of
fast-food restaurants (1). The increase in away-from-home
food expenditures (4), increased consumption of fast food
and sugar-sweetened beverages (5), and rising portion sizes
(6) are several potential mechanisms through which the food
environment could contribute to higher body mass index
(BMI).

Evidence regarding the association between people’s food
environments and their BMIs remains inconclusive. Most
prior studies have found associations between BMI and prox-
imity to fast-food restaurants (7–14), convenience stores
(10, 15), full-service restaurants (7), or supermarkets and gro-
cery stores (10, 15–21). Other studies have found no relation

between food establishments and BMI (21–24) or findings
pointing in the direction opposite of what would be expected
(17, 25). However, most of these studies were limited by
the cross-sectional nature of the analysis, incomplete or
poor ascertainment of proximity to food establishments, or
both. To examine the association between proximity to food
establishments and BMI, we linked data from a longitudinal
cohort study to novel data regarding the food environment at
each of several measurement points over a period of 30 years.

MATERIALS AND METHODS

Sample

The Framingham Heart Study Offspring Cohort was
created in 1971. The Offspring Cohort enrolled 5,124 subjects
who were either the children of Original Cohort members or
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the children’s spouses (26). Subjects have been examined and
surveyed repeatedly since enrollment. We used the first
7 waves of data collection (1971–2001) for this study. The
prespecified objective of this study was to analyze the asso-
ciation of proximity to food establishments and BMI in a
longitudinal fashion, which required detailed collection of
historical information on food establishments. Therefore,
our sample included only subjects living in a small, concen-
trated geographic area composed of the 4 principal towns
of the Offspring Cohort: Framingham, Natick, Ashland, and
Holliston, Massachusetts (which allowed us to personally
visit the towns and collect the necessary data). At enrollment,
55.1% of subjects of the Offspring Cohort lived in this area; at
wave 7 (1998–2001), 40.2% lived in this area. We excluded
observations with missing data on BMI, smoking status, or
alcohol intake and those in which a subject was under 21 years
of age or living in a nursing home. These criteria resulted
in a final sample of 3,113 subjects and 13,423 observations
(Figure 1).

Outcome and exposure variable

Time-varying individual BMI was the outcome variable,
calculated from measured height and weight (weight (kg)/
height (m)2). The primary exposure variables were 1) the driv-
ing distance between each subject’s residential address and the
nearest restaurant or food store, divided into specific cate-
gories of establishments, and 2) the mean driving distance
to the 5 closest restaurants or food stores, again divided by
category at each wave.We calculated distances using ArcGIS,
version 9.3 (Esri, Redlands, California). Measuring actual
driving distances to food establishments is a more realistic
method of determining exposure to establishments than the
more commonly used neighborhood density measures. Actual
driving distance captures how far it is for a subject to drive to
a given establishment rather than simply measuring how
many food establishments are located nearby.

We defined the restaurant and food store categories accord-
ing to the definitions of the North American Industry Classi-
fication System, the system used by US federal agencies. Our
restaurant categories were fast-food restaurants, full-service
restaurants, and bakeries/coffee shops. Our food store cat-
egories were chain supermarkets, grocery stores, and con-
venience stores.

We compiled food establishment names, addresses, category,
and years of operation from several sources: files of open and
closed food establishments maintained by local boards of
health, which inspect food establishments in Massachusetts;
historical Framingham-area telephone book yellow pages for
selected years from each wave; a targeted search of historical
Framingham-area telephone book white pages; and a com-
mercial database compiled byDun&Bradstreet (Short Hills,
New Jersey) for selected years from each wave (16). We
collected and geocoded all data for the 4-town primary geo-
graphic area, aswell as for the10additional towns that surround
the primary geographic area and could be a source of food
establishment exposure for subjects living near the borders of
these towns. (Maps of food establishments are available as
Web Figures 1 and 2 (http://aje.oxfordjournals.org/).) We val-
idated the final database of food establishments through site

visits to presently open establishments and by review of local
boards of health and FraminghamHeart Study staff. (Further
details on the search strategy and food establishment classi-
fication are available in Web Methods Note 1.)

5,124 potential subjects,     
35,868 potential observations

Excluding potential   
observations after death:
5,124 subjects, 34,237 

observations

Excluding observations where 
an examination was missed:

5,124 subjects, 27,749 
observations

Excluding subjects and 
observations made when not 

residing in Framingham, 
Ashland, Holliston, or Natick, 

Massachusetts:
3,215 subjects, 13,850 

observations

Excluding observations where  
subject was <21 years old or 

living in a nursing home: 
3,125 subjects, 13,557 

observations

Excluding subjects and 
observations with missing data 

on BMI, smoking status, or 
alcohol consumption:
3,113 subjects, 13,423 

observations

Figure 1. Selection of subjects and observations for an analysis of
proximity to food establishments and body mass index (BMI),
Framingham Heart Study Offspring Cohort, 1971–2001. A total of
5,124 subjects were enrolled in the FraminghamHeart Study Offspring
Cohort from 1971 to 1975, and subjects have been examined and
surveyed repeatedly. The current study included completed observa-
tions made when subjects were living in Framingham, Natick, Ashland,
and Holliston, Massachusetts, from 1971 to 2001. The final sample
included 13,423 observations from 3,113 subjects.
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Covariates

Individual-level covariates included time-varying attri-
butes (marital status, smoking status, and alcohol consump-
tion) and time-invariant attributes (age at enrollment, sex, and
education). Residential addresses for subjects were collected
in each wave and subsequently geocoded using ArcGIS.
US Census tracts served as our definition of a neighborhood
(27, 28). Each address was assigned to one of 24 census tracts
contained within the 4-town geographic area at each wave to
allow for linkage to neighborhood-level covariates. Because
the boundaries of census tracts changed over time, we took
the tract boundaries of Census 2000 as fixed across time and
geocoded subjects within these boundaries.

We included several US Census-measured neighborhood-
level covariates in the models: percentage of residents in the
census tract living in poverty, median household income in
the census tract, and percentages of census tract residents who
were black andHispanic.We used US Census data from 1970,
1980, 1990, and 2000 to assign these covariates to census tracts,
and we used data from the commercial vendor GeoLytics (East
Brunswick, New Jersey) to adjust all census data to the 2000
census tract boundaries. We assigned census data to subjects
by wave according to the date of their study examination. If
the examination occurred between the beginning of the decade
and the midpoint of the decade, assignment was made to
census data from the beginning of the decade. We included
1 measure of neighborhood walkability in our models: the
number of intersections permile.UsingArcGIS,wecalculated
the number of street intersections per square mile (per 1.6
km2) for each block group for each subject at each wave.

Analysis

Because some persons moved frequently, no clear nested
hierarchy between all observations, individuals, and neigh-
borhoods existed. To account for these repeated measures with
changing neighborhood membership over time, we used a
cross-classified, multilevel model for the analysis. Observa-
tion occasion served as level 1, and individual and neighbor-
hood were separate cross-classified levels for level 2 (Web
Figure 3), with a random intercept that was allowed to vary
across all combinations of individual and neighborhood. We
included a random slope for time indexed by individual sub-
ject to ensure that individual weight trajectories were accom-
modated in the models, and we also included a fixed effect
for time. (Further details on the modeling are available in
Web Methods Note 2.)

We examined the association between food establishment
distance measures for each establishment category and BMI
in separatemodels,with andwithout adjustment for the individ-
ual and neighborhood-level covariates. Neighborhood-level,
US Census covariates did not change results appreciably,
were not significant in any models, and were excluded from
the final analyses. Because interaction terms between the
food establishment distance measures and sex were signifi-
cant in most models, we conducted additional sex-stratified
analyses. We analyzed models with BMI as a measure that
was contemporaneous to the exposure and covariates. Beta
coefficient parameters represent the difference in BMI units

(kg/m2) for every 1-km (0.6-mile) increment in the distance
to the closest food establishment of each type or the mean
distance to the 5 closest food establishments of each type.
This 1-km distance is approximately equivalent to 1 standard
deviation of the driving distances to establishments across all
subjects.

We conducted sensitivity analyses to examine the robustness
of the relation between BMI and distance to food establish-
ments. First, we examined the relation between distance and
lagged BMI, capturing the relation between distance at each
wave and BMI at the following wave. The associated param-
eter estimates represent the BMI difference for every 1-km
incremental difference in the distance to food establishments
at the prior wave. Second, to isolate the independent asso-
ciation of each restaurant and food store category with BMI,
we created a set of summary variables to capture the relative
closeness of food establishment categories towhich a subject
was exposed at each wave. These measures represent the
degree to which a person is closer to one type of food estab-
lishment compared with the other types (details are available
in Web Methods Note 3). We calculated these relative close-
ness measures because inclusion of measures of the distance
to all types of food establishments in the same model was
affected by collinearity, due to high correlations between dis-
tances for food establishment categories (Web Tables 1 and 2).

Models were analyzed using Markov chain Monte Carlo
methods in MLWin, version 2.12 (Centre for Multilevel
Modelling, University of Bristol, Bristol, United Kingdom),
to generate multiple iterative samples from the joint posterior
distribution of the parameters, fromwhich parameter estimates
could be constructed (29). We report parameter estimates
from models with 95% credible intervals that reflect the
posterior distribution of actual population parameter estimates.
Significant findings are defined as those predictors with esti-
mated parameters whose 2-sided 95% credible intervals did
not include 0. We generated descriptive results using SAS
statistical software, version 9.1 (SAS Institute Inc., Cary,
North Carolina). The institutional review board of Harvard
Medical School approved this study.

RESULTS

The mean number of observations per subject was 4.31.
In terms of residential mobility, 42.9% of subjects never moved
throughout the course of their follow-up, and 26.1% moved
twice or more. Mean BMI for women increased from 24.2
at wave 1 to 28.0 by wave 7; for men, it increased from 26.7
at wave 1 to 28.9 by wave 7 (Table 1, Web Tables 3–6). For
women, the mean driving distance from the residential address
to the closest fast-food restaurant decreased from 1,325 m
(standard deviation (SD), 934) at wave 1 to 1,140m (SD, 774)
at wave 7. The mean driving distance to the nearest chain
supermarket decreased from 4,223 m (SD, 2,405) at wave 1 to
2,599 m (SD, 1,565) at wave 7 (Web Tables 3–6). The values
for men were similar.

In adjustedmodels comprising all subjects, close residential
proximity to the nearest fast-food restaurant was associated
with higher BMI (Table 2). Each 1-km increase (approx-
imately a 1-SD increase) in driving distance to the closest
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fast-food restaurant was associated with a 0.11-unit decrease
in BMI. In sex-stratified analyses, this effect was present only
for women, such that each 1-km increase in driving distance
to the closest fast-food restaurant was associated with a
0.19-unit decrease in BMI. In adjusted models with BMI
lagged by 1 wave, the relation between close proximity to the
nearest fast-food restaurant and BMI remained, both in the
pooled analysis and in the sex-stratified analysis of women.
For every 1-km increase in driving distance to the closest
fast-food restaurant, BMI in the subsequent wave decreased
by 0.10 units in the pooled analysis and 0.17 units for women
(data are shown in Web Tables 7–9). Controlling for the rel-
ative closeness of all establishments produced similar results
(Web Tables 7–9).

Close residential proximity to grocery stores was associ-
ated with higher BMI in pooled adjusted analyses and for
women (Table 2). For every 1-km increase in driving distance
to the closest grocery store, BMI decreased by 0.06 units in
the pooled analysis. For every 1-km increase in the mean
driving distance to the 5 closest of these stores, BMI de-
creased by 0.08 units in the pooled analysis and by 0.11 units
for women in the sex-stratified analysis. In adjusted models
with BMI lagged by 1 wave, no significant association be-
tween BMI and distance to grocery stores remained (Web
Tables 7–9). In models controlling for the relative closeness
of all establishments, a significant association between BMI
and mean distance to the 5 closest grocery stores was present
in the pooled analysis only (Web Tables 7–9). When ex-
amining all remaining types of establishments, we noted no
significant associations between food establishment proxim-
ity and BMI (Web Tables 7–9).

Among other covariates, predictors of higher BMI for both
men and women included time, older age, being married,
not smoking, and consuming more than 2 alcoholic drinks
per day. A high school education or less and consumption of

1–2 alcoholic drinks daily also were associated with higher
BMI for women. These results were consistent in models
controlling only for covariates and models controlling for
the relative closeness of each food establishment category
(Web Tables 10 and 11).

DISCUSSION

In a longitudinal cohort study, we performed a comprehen-
sive assessment of the association between the commercial
food environment and individual BMI over a period of 30 years.
Contrary to much prior research, we did not find a consistent
relation between access to fast-food restaurants and individ-
ual BMI. For every 1-km increase in driving distance to the
closest fast-food restaurant, BMI decreased by 0.11 units in
the overall sample and 0.19 units among women. On the
basis of these results, a woman of average height in the
Framingham Heart Study Offspring Cohort (63.6 inches or
161.5 cm) would weigh 0.50 kg less for every 1-km increase
in driving distance to the nearest fast-food restaurant (or
50 g less for every 100-m increase in driving distance). This
small association between distance to fast-food restaurants
and BMI for women only is concordant with prior research
that has found sex differences in the associations between
neighborhood characteristics and BMI (30–33). Such sex
differences could arise becausewomen aremore aware of their
residential neighborhood environments than men (34, 35).

Prior research on the association of weight status with
proximity to food establishments has been inconclusive.
These prior studies had several limitations that we attempted
to surmount in the present study. Most studies have been
limited by the use of cross-sectional analyses. Only 4 of the
19 studies we discovered on this topic had any longitudinal
component for the outcome (9, 21, 24, 36). Only 2 of these

Table 1. Characteristics of the Study Sample, Framingham Heart Study Offspring Cohort, 1971–2001

Characteristic

Women (n 5 7,043a) Men (n 5 6,380)

Across
Waves

Wave 1 Wave 7
Across
Waves

Wave 1 Wave 7

Mean body mass indexb 26.0 24.2 28.0 27.6 26.7 28.9

Mean age, years 50.8 37.9 63.1 50.9 38.9 62.9

Education, %

High school or less 53.6 48.2 53.2 47.2 42.2 46.0

More than high school 42.2 39.3 43.4 48.8 44.6 52.1

Missing data 4.2 12.6 3.4 4.0 13.2 1.9

% married 75.2 84.7 64.4 83.4 84.2 81.7

% current smokers 30.8 47.2 16.4 31.4 47.4 15.4

Alcohol consumption
(drinks/day), %

0 35.5 17.5 45.6 22.5 9.8 31.6

1–2 59.4 76.2 50.8 53.7 61.4 50.8

>2 5.2 6.3 3.6 23.9 28.8 17.6

a Number of observations across all waves.
b Weight (kg)/height (m)2.
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had time-varying exposure data on proximity to food estab-
lishments (9, 21). Among the studies that incorporated longi-
tudinal data on both the outcome and exposure, investigators
used only 1 source of data on food establishments, which is
likely to have limited the number of establishments found,
and the researchers measured the proximity to food establish-
ments through crude measures (i.e., number of food establish-
ments per land area or per number of residents) which failed to
capture the exact distance between individual residences and
food establishments. For example, using birth certificates for
over 1.5 million pregnant women who had 2 or more children
in Texas, Michigan, and New Jersey from 1989 to 2003,
Currie et al. (9) found that the presence of contemporaneous
chain fast-food restaurants within 0.5 miles (0.8 km) of
the residential address was associated with an increased risk
of gestational weight gain (mean increased weight gain of
49 g). In our study, we addressed each of these limitations
by including longitudinal data on both BMI and exposure
to food establishments, using multiple sources of data on
food establishments, and precisely measuring the distances
between residential addresses and food establishments
in each wave of data collection, accounting for both resi-
dential moves by subjects and the opening and closing of
establishments across time.

The study findings should be considered with the follow-
ing caveats. First, we undertook a comprehensive approach

to the identification of food establishments across time and
combined multiple resources from a discrete geographic area.
However, no ideal historical record of food establishments
exists. We could have missed some establishments or misclas-
sified their type. If any misclassification occurred in neighbor-
hoods where subjects experienced greater weight gain, the
results could be biased. We also could not measureworkplace
proximity to food establishments, a possible source of un-
measured confounding between BMI and residential proximity
to food establishments. Second, because of the extensive ef-
fort to identify historical food establishments, the geographic
area of the study included only the 4 major towns of the
Offspring Cohort. We were not able to follow subjects if they
moved out of this area. This limits the generalizability of the
study, as does the lack of racial diversity in the Offspring
Cohort. However, this limitation in generalizability also
strengthens the plausibility of the association’s being causal
by removing confounding by design. Because all of the sub-
jects were living in the Framingham area, neighborhoods were
more similar than those of diffuse areas, and neighborhoods
primarily differed with regard to the exposure rather than
other, unobserved factors. The lack of racial diversity is an
unavoidable limitation of all research done within the
Framingham Heart Study for the past 50 years. Third, the
restricted geographic area of our subjects and the ascertain-
ment of food establishment locations limited the range of

Table 2. Multilevel, Cross-Classified, Multivariable Regression Parameter Estimates for the Adjusted Change in Body Mass Indexa for Every
1-km Increase in Distance to Food Establishments, Framingham Heart Study Offspring Cohort, 1971–2001b

Variable

Totalc Womend Mend

be

(n 5 13,423f)
95%
CrI

b
(n 5 7,043)

95%
CrI

b
(n 5 6,380)

95%
CrI

Distance to closest food establishment

Closest fast-food restaurant !0.11g !0.20, !0.04 !0.19g !0.32, !0.06 !0.05 !0.14, 0.05

Closest full-service restaurant 0.02 !0.07, 0.11 0.08 !0.06, 0.21 !0.05 !0.14, 0.05

Closest bakery/coffee shop !0.02 !0.08, 0.04 !0.04 !0.12, 0.05 !0.01 !0.07, 0.05

Closest convenience store 0.02 !0.06, 0.09 0.00 !0.12, 0.12 0.00 !0.08, 0.08

Closest grocery store !0.06g !0.10, !0.01 !0.07 !0.15, 0.001 !0.04 !0.08, 0.01

Closest chain supermarket !0.02 !0.06, 0.01 !0.03 !0.08, 0.02 0.01 !0.03, 0.05

Mean distance to closest 5 food establishments

Closest 5 fast-food restaurants !0.03 !0.10, 0.05 !0.05 !0.16, 0.07 0.00 !0.08, 0.08

Closest 5 full-service restaurants !0.04 !0.13, 0.06 !0.01 !0.16, 0.14 !0.04 !0.15, 0.05

Closest 5 bakeries/coffee shops !0.03 !0.08, 0.03 !0.02 !0.10, 0.06 !0.01 !0.07, 0.05

Closest 5 convenience stores 0.01 !0.06, 0.08 !0.03 !0.12, 0.09 0.03 !0.05, 0.10

Closest 5 grocery stores !0.08g !0.15, !0.03 !0.11g !0.21, !0.01 !0.06 !0.12, 0.01

Closest 5 chain supermarkets !0.01 !0.06, 0.02 0.00 !0.06, 0.06 0.00 !0.04, 0.04

Abbreviation: CrI, credible interval.
a Weight (kg)/height (m)2.
b Results were adjusted for age, time (as both a categorical fixed effect and a linear random effect), education, and time-varying marital status,

smoking status, alcohol consumption, and number of intersections per square mile (per 1.6 km2).
c Adjusted for sex, in addition to the other covariates.
d Sex-stratified analyses were conducted because the interaction between sex and distance to food establishments was significant in most

models.
e Change in body mass index units (kg/m2).
f Number of observations across all waves.
g Two-sided 95% credible interval does not contain 0.
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distances over which subjects could be exposed to food es-
tablishments. We cannot extrapolate our associations beyond
this limited range. Fourth, we presently lack data on actual
food consumption and physical activity in each wave with
which to determine whether consumption of specific types
of foods or exercise was associated with weight gain in this
population and whether these factors might have mediated
the relation between close proximity to fast-food restaurants
and weight gain; this will be the subject of future research.
However, with a weak, inconsistent association found between
proximity to fast-food restaurants and BMI, it is doubtful
that any mediation of this association, which might result
from the inclusion of additional variables, would change the
interpretation of our results. Fifth, income data were only
available for 1 wave, and there was a high percentage of
missing data. As a result, education was the only measure of
individual socioeconomic status in this study. The weak asso-
ciation between close proximity to fast-food restaurants and
BMI could be accounted for by unobserved income; how-
ever, research has demonstrated a high correlation between
education and income (37).

In summary, in a large cohort followed over a period of
30 years, after accounting for residential mobility and the
appearance and disappearance of food establishments, we
did not find a consistent relation between access to fast-food
restaurants and a person’s BMI. This will necessitate a reeval-
uation of policy discussions on the anticipated impact of the
food environment on weight gain. This study shows that the
food environment’s contribution to reducing or controlling
the obesity epidemic may be limited.
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