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Rates of obesity increased more than 100%
between the 1970s and 2008.1 Although rates
have leveled off since 2003and 2004,2 today
more than a third of the US population is obese,
and estimates indicate that by 2030 between
42% and 51% of the population will be obese.3

People aged 45 to 64 years are more likely to be
obese than are those in any other age group.4

If obesity trends continue at their current rate,
disability rates among persons aged 50 to 69
years are projected to increase by 1% per year
through 2020.5 Because of the relationships
between obesity, poor health, and high medical
expenditures, obesity is a greater threat to public
health than either smoking or drinking.6

Trends in obesity rates are most likely the
result of changing environmental factors, in-
cluding agriculture, food processing and mar-
keting, transportation, and physical demands of
work. Because the characteristics of the neigh-
borhoods in which people live can make it
easier for them to consume excessive calories
and more difficult to expend those calories,7 it
is likely that there is an association between
obesity and the neighborhoods in which people
live. Yet since most existing studies of the
relationship between neighborhoods and obe-
sity among older adults focus on the socioeco-
nomic characteristics of neighborhoods8---14

rather than the neighborhood food environ-
ment, we lack understanding of how specific
characteristics of the neighborhood food envi-
ronment influence obesity.

The analyses that follow examine the extent
to which the local food environment is related
to obesity among older adults, controlling for
individual characteristics with known associa-
tions to obesity, including age, gender,
socioeconomic status, and race.

Evidence regarding the extent to which the
neighborhood food environment is associ-
ated with obesity in the adult population is

conflicting, with some studies showing a pos-
itive association15---19 and others finding that
proximity to fast-food restaurants is not as-
sociated with body mass index (BMI).20---23

Similarly, although some studies found that
proximity to supermarkets decreased the risk
of obesity,18,19,21,24 others found that super-
markets were not associated with BMI.22,23

Although few studies have examined the
effects of neighborhood environment and
obesity on older people, Yen et al.25 suggest
that obesity among older adults may be even
more strongly influenced by neighborhood
characteristics than is the case for school-aged
children and younger adults. Like studies of
adults in general, studies linking characteristics
of neighborhood food environments and obe-
sity in older people yield conflicting findings.
Hanibuchi et al.26 found that better access to
supermarkets, fast-food outlets, and conve-
nience stores was positively associated with
obesity among older people in Japan, whereas
Morland et al.27 found that the presence of
supermarkets was associated with a lower

prevalence of obesity and that the presence
of convenience stores was associated with a
higher prevalence of obesity in a large
community-dwelling sample of Americans.

Rundle et al.24 suggest that because density
measures for food sources such as supermar-
kets, convenience stores, and fast-food restau-
rants are correlated with each other, their
associations with obesity may be difficult to
disentangle. Moreover, because not all studies
examine these neighborhood food sources in
tandem with one another, findings across
studies are difficult to compare. Further adding
to the complexity of this issue, most studies do
not simultaneously adjust for the inherent
nesting of people in neighborhoods and mea-
surement error.

We investigated the relationship between
obesity and the local food environment among
older adults. We tested the following hypoth-
eses depicted in Figure 1: (1) when age, gender,
income, education, and race are controlled for,
people living in neighborhoods with more
fast-food restaurants and storefronts (small
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grocery stores, convenience stores, and
bars) are more likely to be obese than people
living in neighborhoods with fewer of
these amenities; and (2) when these same
individual-level variables are controlled for,
people living in neighborhoods with greater
availability of supermarkets will have lower
rates of obesity than those living in neigh-
borhoods where supermarkets are less
prevalent.

METHODS

Analyses built on data from 5688 people
participating in the ORANJ BOWL panel
(“Ongoing Research on Aging in New Jersey:
Bettering Opportunities for Wellness in Life”)
collected between November 2006 and April
2008. We identified participants by using
random-digit-dialing procedures. Eligibility
criteria included being between the ages of 50

and 74 years and living in New Jersey. We
studied persons in this age range because their
high rates of obesity put them at risk for heart
disease, cancer, and diabetes. We excluded
people unable to participate in a 1-hour English
language telephone interview.

ORANJ BOWL staff recruited panel mem-
bers by telephone cold calling with list-assisted
random-digit-dialing procedures. The demo-
graphics of the targeted sample made coverage
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FIGURE 1—Multilevel structural equation models of individual-level obesity with (a) characteristics at the individual (within) level and (b) food

sources at the neighborhood (between) level: Ongoing Research on Aging in New Jersey: Bettering Opportunities for Wellness in Life

(ORANJ BOWL), 2006–2008.
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loss from cell phone---only households very
small.28 Staff conducted screening interviews
with persons aged 18 years and older to
determine whether any eligible persons lived in
the household. If screening indicated that 2 or
more age-eligible persons lived in the house-
hold, we listed these people in a Kish table and
chose one via computerized gender-weighted
random algorithm to participate. No substitu-
tions were permitted.

Of the 151 246 phone numbers in the
population, 32 678 households completed
the screen. To complete the sample, research
staff made 1 060 838 calls, with an average of
7.01 calls made to each phone number. Using
standard American Association for Public
Opinion Research calculations, ORANJ BOWL
achieved a response rate of 58.73% and a co-
operation rate of 72.88%.

We linked interview data to administrative
data that provided information about neigh-
borhood characteristics. We were able to geo-
code 5572 of the respondents’ addresses,
finding that ORANJ BOWL participants resided
in 1644 of New Jersey’s 1912 census tracts.
When we compared characteristics of our
sample of tracts with census data representing
all of New Jersey, we found that there were
no significant differences on any variable in-
cluded in our model, suggesting that our
sample of tracts accurately represented the
state of New Jersey.

Data Collected From ORANJ BOWL

Respondents

Demographic characteristics collected in-
cluded self-reports of age, gender (1 =male;
2 = female), education (9-point Likert scale;
1 = not high school graduate to 9 = doctoral
degree), income (6-point Likert scale; 1 = less
than $15 000 to 6 = more than $150 000),
and race (African American = 1, not African
American = 0). Respondents reported their
height and weight, and we used these data to
compute BMI (defined as weight in kilograms
divided by the square of height in meters).
We categorized people with BMIs greater
than or equal to 30 as obese.

Neighborhood-Level Data

Information regarding the number of su-
permarkets, grocery stores, local convenience
stores, and fast-food restaurants came from the

New Jersey Department of Agriculture, Divi-
sion of Marketing and Development. We
obtained a list of the names of all 12 183 outlets
with licenses to distribute milk in New Jersey in
2007 and, following Morland et al.,29 used
a modification of the 2007 North America In-
dustry Classification codes to categorize each
establishment as a supermarket (large chain
store), grocery store (bodega), chain conve-
nience store, local convenience store, gasoline
station with convenience store, warehouse club,
fruit and vegetable market, pharmacy, full ser-
vice restaurant, fast-food restaurant (these were
further classified by name into groups corre-
sponding to major chains; e.g., Burger King) or
snack shop. Three coders established and
maintained an interrater reliability of 0.85. We
linked these data to the ORANJ BOWL data at
the level of the census tract.

The number of bars and pubs in each tract
was abstracted from the New Jersey Depart-
ment of Law and Public Safety Division of
Alcohol Beverage Control. We obtained a list
of the names and addresses of 9261 estab-
lishments with alcohol retail licenses in 2007
and coded each establishment as either liquor
store; restaurant; bar, pub, or tavern; motel
or hotel; social club; or combination bar-grill
and restaurant-bar. Coders established and
maintained an interrater reliability of 0.85.

Analysis Plan

We computed bivariate correlations among
the continuous variables in the analysis using
Pearson R. For categorical data, the Spearman
statistic is reported.

To test the hypotheses depicted in Figure 1,
we used multilevel structural equation models
(ML-SEM),30,31 analyzing the data with Mplus
5.21 (Mplus, Los Angeles, CA).32 ML-SEM
are uniquely suited for analyzing both mea-
surement and structural relationships among
nested data.30,31,33---35 It leverages the strength
of multilevel models to decompose variance
at the between and within levels and permits
explanation of that variance by within and
between group predictors.30 The structural
equation portion of the model affords an
accurate representation of the latent construct
by decomposing the variance attributable to
the construct from that attributable to mea-
surement error.36---39 It accounts for the clus-
tering of data within neighborhoods that

violate the assumption of independence of
observations. The amount of dependence in
the data is expressed as the intraclass correla-
tion. Prior to model building, we assessed the
intraclass correlation to examine the relative
importance of neighborhood context to the
factors included in the model.40

We developed 2 latent variables at the neigh-
borhood level, one representing fast-food density
and the other storefront density. The indicators for
fast food were the number of each of 5 different
major fast-food chains present in the tract. In-
dicators for storefronts41 included the number of
bars, grocery stores, and convenience stores in the
census tract. We operationalized supermarkets as

TABLE 1—Demographic Characteristics

of Study Population (n = 5688): Ongoing

Research on Aging in New Jersey:

Bettering Opportunities for Wellness in

Life (ORANJ BOWL), 2006–2008

Characteristic %

Race

White 83.8

African American 11.8

Asian 1.6

Other or mixed 2.8

Household income, $

< 30 000 19.1

30 000–80 000 39.8

> 80 000 41.1

Education

< high school 5.4

High school 28.3

Some college 15.0

2 y of college 9.3

4 y of college 19.5

Some graduate school 3.9

Master’s degree 13.1

Some doctoral work 1.3

Professional degree 4.2

Current marital status

Married 56.7

Widowed 14.2

Divorced 17.3

Separated 2.6

Never married 9.2

Note. ORANJ BOWL = Ongoing Research on Aging in
New Jersey: Bettering Opportunities for Wellness in
Life.
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an observed indicator on the basis of the number
of supermarkets in each tract. At the individual
level, we included income, education, age, race,
and gender, variables having well-established re-
lationships with obesity.23

At level 1 (individual level), we regressed
obesity on income, education, race (African
American), gender, and age. All exogenous
variables were free to correlate with one
another. At level 2, we regressed fast food,
storefronts, and supermarkets on obesity. The
model estimation returns the regression pa-
rameter values (b and c) as log odds, which
were converted to odds ratios for ease of
interpretation. Details regarding the analysis
may be found in Appendix A (available as
a supplement to the online version of this
article at http://www.ajph.org).

RESULTS

The ORANJBOWLsample included2067men
and3621womenwhosemeanagewas60.7 years
(SD=7.1).More thana third (32.1%)of the sample
was obese (BMI‡ 30.0). Demographic characteris-
tics of the sample are reported in Table 1.

At the neighborhood level, density of food
sources per census tract was as follows: fast-
food establishments (range = 0---11; mean =
1.8), storefronts (range = 0---13; mean = 5.4),
and supermarkets (range = 0---6; mean = 1.5).

Bivariate correlations (Table 2) revealed signif-
icant positive correlations between obesity and

fast food and storefronts but not supermarkets.
Education and income were negatively associated
with obesity, fast food, storefronts, gender (female),
and race (African American), but not supermar-
kets. Race (African American) was positively
associated with obesity, storefronts, and gender
(female) and negatively associated with super-
markets, education, and income. Substantial
within-cluster intraclass correlations existed for
race (0.311), household income (0.182), and
education (0.125).

Results of the ML-SEM analysis are presented in
Table 3. At level 1, gender (female; odds ratio [OR]=
1.1; 95% confidence interval [CI]=1.05, 1.15),
education (lower; OR=1.1; 95% CI=1.02, 1.05),
and race (African American; OR=1.2; 95% CI=
1.16, 1.40) were associated with obesity. Income
and age were not associated with obesity. There
were significant but modest associations among
all of the covariates with the exception of race,
age, and gender.

Fast food was well measured at level 2, with
standardized loadings ranging from 0.23 to
0.78. Likewise, storefronts were well mea-
sured, with standardized loadings ranging from
0.81 to 0.89. At level 2, obesity was signifi-
cantly associated with fast food (OR = 2.29;
95% CI = 1.93, 2.71) and storefronts (OR =
9.60; 95% CI = 1.52, 26.60) but not super-
markets (OR = 1.31; 95% CI = 0.35, 4.40),
indicating that people living in areas having
greater densities of convenience food sources
were more likely to be obese.

DISCUSSION

These analyses revealed that the presence of
fast-food restaurants and storefronts (conve-
nience stores, bars, and small grocery stores) has
significant associations with older adults’ obesity
that are independent of individual-level charac-
teristics with known associations to obesity,
including age, race, and socioeconomic status.
Fast-food restaurants, convenience stores, bars,
and small grocery stores offer prepared, zero
high-calorie foods and little fresh produce.42

Others have found that the availability of fast-
food restaurants has a positive relationship to
intake of fat, sodium, and soft drinks and
a negative relationship with nutrient-dense
foods such as fruit, vegetables, and milk.17,19,29

Although our findings are consistent with those
reported elsewhere,15,17---19,27 these results move
the field forward because they control for
individual-level characteristics with known
associations with obesity that have obscured
understanding of the relationships between
characteristics of individuals and of place.

Although evidence regarding the association
between obesity and supermarket density is
contradictory, our analysis found no significant
association between supermarket density and
obesity. Supermarkets sell a wide variety of
high-quality products at low cost, but they also
sell a variety of unhealthy foods. Because we did
not have data about either the choices people
made about where to shop or their purchasing
decisions, our conclusions are limited. Future
studies examining whether older people eat in
local fast-food restaurants and shop in local
supermarkets will add important information to
our understanding of the relationship between
neighborhood characteristics and obesity. Our
findings regarding supermarket density and
obesity are consistent with those reported by
Wang et al.43 and Stafford et al.,22 but they differ
from those finding that proximity to supermar-
kets decreased the risk of obesity.18,19,21,24,27

These discrepancies may be explained by the age
of people studied (our sample was significantly
older) as well as by the complexity of the sampled
food environment.

Our study, which included information about
multiple food environments in a single analysis,
supports the finding of Rundle et al.24 that
densities of supermarkets, convenience stores,
small groceries, bars and pubs, and fast-food

TABLE 2—Bivariate Associations Between Obesity, Neighborhood Food Sources, and

Demographic Characteristics: Ongoing Research on Aging in New Jersey: Bettering

Opportunities for Wellness in Life (ORANJ BOWL), 2006–2008

Variable Obesity Fast Food Storefrontsa Supermarkets Age Education Income Gender Race

Obesity 1.000

Fast food 0.038** 1.000

Storefronts 0.102** 0.308** 1.000

Supermarkets –0.009 0.506** 0.237** 1.000

Age 0.020 0.005 0.013 0.018 1.000

Education –0.118** –0.061** –0.135** 0.043** –0.145** 1.000

Income –0.102** –0.079** –0.24** 0.029* –0.267** 0.462** 1.000

Gender 0.041** 0.026* 0.033* –0.009 0.054** –0.107** –0.163** 1.000

Race 0.107** 0.029* 0.300** –0.056** –0.009 –0.145** –0.225** 0.042** 1.000

Note. ORANJ BOWL = Ongoing Research on Aging in New Jersey: Bettering Opportunities for Wellness in Life.
aStorefronts comprised of: convenience stores, bars and pubs, and small grocery stores.
*P < .05; **P < .001.
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restaurants are strongly correlated with each
other. These 2 studies, unlike those that do not
examine the totality of food environments, help
to disentangle the associations of type of food
environment and obesity.

Using multilevel structural equationmodeling
to examine relationships between neighborhood
characteristics and obesity advances the field in
the following ways: (1) it models the nesting of
people within neighborhoods; (2) it allows for

multiple indicators of neighborhood constructs,
thereby reducing measurement error; and (3) it
provides the opportunity to parse variance
attributable to individual effects and to neigh-
borhood effects. Results from these analyses
highlight the importance of using analytic tools
that account for individual and neighborhood
resources. Doing so sets the stage for better
understanding of what it is about neighbor-
hoods that either supports or undermines efforts
toward optimal weight management.

Although this study extends knowledge about
the role of neighborhood features vis-à-vis
obesity, like all studies, it has its limitations. First,
because the data we analyzed were cross-sec-
tional, we do not know the extent to which
neighborhood food sources caused obesity. To
address this issue, longitudinal data that capture
information about changes within neighbor-
hoods are as important as data regarding
changes experienced by people over time. Sec-
ond, it would be important to know how long the
individual had been living in the neighborhood,
a variable not included in our data set. Third, our
analyses relied on self-report information
regarding height and weight, and therefore are
subject to individual perceptions. Clinical as-
sessment would increase the objectivity associ-
ated with measurement of these characteristics.

Fourth, as research in this area advances, it
will be important to consider that environments
may matter more for some people than others,44

and addressing the differential effects of neigh-
borhoods will be critical. It is also important
to acknowledge that since 2007, when our
data regarding fast-food restaurants were col-
lected, many fast-food chains have changed their
menus, adding healthier food options. Whether
and how this changes the association between
presence of fast-food restaurants and obesity
remain unclear. Finally, there may be confound-
ing variables that can account for the findings.
For example, neighborhoods with supermarkets
may be safer and have more recreational re-
sources to reduce the obesity levels.31

Extending knowledge regarding the public
health significance that neighborhood food envi-
ronments have on obesity requires further study.
Neighborhood food environments are dynamic
entities created by and responding to external
economic and social factors as well as to the
collective actions of its residents. Harnessing and
influencing these changes have the potential to

TABLE 3—ML-SEM Parameter Estimates of Association Between Obesity and Food Sources

(n = 5572): Ongoing Research on Aging in New Jersey: Bettering Opportunities for Wellness

in Life (ORANJ BOWL), 2006–2008

Nontandardized Estimates Standardized Estimates

b (SE) 95% CI B (SE) 95% CI

Individual level 1 (within)

Obesity regressed on

Age 0.003 (0.002) –0.001, 0.007 0.023 (0.015) –0.007, 0.053

Gender –0.094 (0.023) –0.14, –0.048 –0.056** (0.013) –0.030, –0.082

Education –0.033 (0.006) –0.045, –0.021 –0.085** (0.016) –0.053, –0.117

Income –0.004 (0.011) –0.026, 0.018 –0.007 (0.018) –0.029, 0.043

Race 0.245 (0.050) 0.145, 0.345 0.072** (0.015) 0.042, 0.102

African American correlated with

Age –0.009 (0.025) –0.059, 0.041 –0.005 (0.015) –0.035, 0.025

Gender 0.002 (0.002) –0.002, 0.006 0.022 (0.015) –0.008, 0.052

Education –0.047 (0.008) –0.063, –0.031 –0.096** (0.015) –0.126, –0.066

Income –0.050 (0.007) –0.064, –0.036 –0.150** (0.019) –0.188, –0.112

Age correlated with

Gender 0.179 (0.048) 0.083, 0.275 0.053** (0.014) 0.025, 0.081

Education –2.178 (0.197) –2.572, –1.788 –0.153** (0.014) –0.181, –0.125

Income –2.791 (0.145) –3.084, –2.504 –0.287** (0.014) –0.315, –0.259

Gender correlated with

Education –0.115 (0.000) –0.115, –0.115 –0.117** (0.014) –0.145, –0.089

Income –0.107 (0.000) –0.107, –0.107 –0.160** (0.014) –0.188, –0.132

Education correlated with income 1.268 (0.049) 1.176, 1.374 0.445** (0.013) 0.419, 0.471

Neighborhood level 2 (within)

Fast food indicated by

McDonald’s 1.000 (0.000) 1.000, 1.000 0.780 (0.025) 0.730, 0.830

Burger King 0.710 (0.043) 0.624, 0.796 0.750** (0.029) 0.692, 0.808

Wendy’s 0.287 (0.034) 0.219, 0.355 0.400** (0.032) 0.336, 0.464

Taco Bell 0.089 (0.019) 0.051, 0.127 0.314** (0.055) 0.204, 0.424

KFC 0.077 (0.016) 0.045, 0.109 0.231** (0.031) 0.169, 0.293

Storefronts Indicated by

Convenience stores 1.000 (0.000) 1.000, 1.000 0.886** (0.012) 0.862, 0.910

Bars or pubs 0.706 (0.021) 0.664, 0.748 0.809** (0.013) 0.783, 0.835

Small grocery stores 1.457 (0.041) 1.375, 1.539 0.870** (0.012) 0.846, 0.894

Obesity indicated by BMI ‡ 30 kg/m2 1.000 (0.000) 1.000, 1.000 0.921** (0.254) 0.413, 1.429

Obesity regressed on

Fast food 0.827 (0.087) 0.653, 1.001 0.338** (0.102) 0.134, 0.542

Storefronts 2.262 (0.940) 0.382, 4.142 0.568** (0.241) 0.086, 1.050

Supermarkets 0.273 (0.674) –1.075, 1.621 0.066 (0.162) –0.258, 0.390

Note. BMI = body mass index; CI = confidence interval; ML-SEM = multilevel structural equation models; ORANJ BOWL =
Ongoing Research on Aging in New Jersey: Bettering Opportunities for Wellness in Life.
**P < .001.
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lower the rate of obesity. Partnerships between
health researchers, communities, area devel-
opers, city planners, and policy experts inter-
ested in neighborhoods will be central to
decreasing rates of obesity. j
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